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Amin Shokrollahi , Emin a Soljanin , an d Sergi o Verdu fo r thei r wor k a s special focu s 
organizers. 

The worksho p brough t togethe r theoretician s an d practitioner s workin g o n 
wireless communications , information , an d codin g theor y fro m a  variet y o f per -
spectives. Th e mai n theme s o f th e worksho p include d capacit y o f multiantenn a 
channels an d o f vector broadcas t channels , "dirty-paper " coding , signa l processing , 
and ad hoc networking in wideband channels . Thes e are all major theme s in curren t 
research i n physical-laye r desig n fo r wireles s communication . 

DIMACS gratefull y acknowledge s th e generou s suppor t tha t make s thes e pro -
grams possible . Th e Nationa l Scienc e Foundation ; th e Ne w Jerse y Commissio n o n 
Science an d Technology ; DIMACS ' partner s a t Rutgers , Princeton , AT& T Labs -
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generously supporte d th e specia l focus . 
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Preface 

The DIMAC S Worksho p o n Signa l Processin g fo r Wireles s Transmissio n wa s 
held a t Rutger s Universit y o n Octobe r 7-9 , 2002 , unde r th e auspice s o f th e 
DIMACS Specia l Focu s o n Computationa l Informatio n Theor y an d Coding . 
Twenty-six invite d presentation s wer e delivere d ( http://dimacs.rutgers.edu/ 
Workshops/Wireless/) b y leadin g researcher s i n th e fields  o f wireles s communi -
cations, informatio n an d codin g theory . Worksho p attendee s include d researcher s 
from institution s i n Nort h America , Europe , th e Middl e Eas t an d Asia . Throug h 
the agenc y o f DIMACS, we were abl e t o suppor t th e participatio n o f a  substantia l 
number o f students. I n the true spiri t o f a workshop, there was considerable interac -
tion among participants, accentuate d b y a sense of excitement ove r the presentatio n 
of fast-breaking results . 

Several force s ar e coalescin g t o mak e thi s a n excitin g tim e i n th e field  o f 
physical-layer desig n fo r wireles s communication : th e relentles s advanc e i n VLS I 
technology, th e recen t breakthrough s i n signa l processin g fo r multiantenn a an d 
multiuser systems , an d the increased pressur e fo r efficien t utilizatio n o f scarce spec-
tral resources . Thes e force s mak e information-theoreti c limit s an d th e mean s o f 
approaching the m increasingl y relevan t fo r emergin g wireles s communicatio n sys -
tems. Thi s volum e give s a  snapsho t o f th e rang e o f challenge s tha t ar e currentl y 
garnering a  grea t dea l o f attentio n fro m th e researc h community . 

The first  grou p o f contribution s o n "Capacit y o f Multiantenn a Channels " fol -
lows in the lin e o f information-theoretic researc h pioneere d a t Bel l Labs i n the mi d 
1990s. Th e contributio n b y Xu , Chizhik , Huan g an d Valenzuel a add s realis m t o 
the modeling of multiantenna channel s by incorporating a  number o f key effects no t 
captured i n th e canonica l model . Eve n thoug h muc h o f the earl y emphasi s o n th e 
information-theoretic analysi s o f multiantenna channel s was on high signal-to-nois e 
ratio (SNR ) contexts , many practical embodiments, particularl y i n cellular systems , 
operate a t lo w receive d energ y pe r bit . Th e pape r b y Tulino , Lozan o an d Verdi i 
considers the bandwidth-powe r tradeof f i n the lo w SNR regime . Th e surprisin g rel -
evance of large random matri x method s to systems with smal l numbers o f antenna s 
is illustrated i n the pape r b y Moustakas, Simo n an d Sengupta , eve n with correlate d 
channel coefficients . I n anothe r departur e fro m th e canonica l setting , Simo n an d 
Moustakas analyz e th e impac t o f channel informatio n a t th e transmitte r arra y an d 
determine unde r wha t condition s beamformin g i s optimal . 

The secon d grou p o f paper s i s devote d t o th e capacit y o f vecto r broadcas t 
channels an d it s relationshi p wit h th e proble m o f "dirty-pape r coding" . I n dirty -
paper coding , introduce d b y Cost a i n 198 3 building upo n earlie r work , i n additio n 
to th e backgroun d noise , a n interferenc e componen t i s presen t whic h i s know n a t 
the transmitte r bu t no t a t th e receiver . Dirty-pape r codin g i s especially relevan t t o 
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downlink communication , wher e th e bas e statio n know s th e channel s an d therefor e 
knows th e multiuse r interferenc e affectin g eac h transmission . Althoug h th e sum -
capacity ha s bee n solve d recently , determinatio n o f th e entir e capacit y regio n o f th e 
vector broadcas t channe l remain s a n ope n problem . Importan t advance s toward s 
its solutio n wer e announce d a t th e worksho p an d reporte d i n th e pape r b y Jindal , 
Vishwanath, Jafa r an d Goldsmith ; th e pape r b y Ts e an d Viswanath ; a s wel l a s th e 
one b y Vishwanath , Kramer , Shamai , Jafa r an d Goldsmith . Th e remainin g issu e t o 
be settle d i n orde r t o clai m tha t th e regio n pu t fort h i n thos e paper s i s th e actua l 
capacity regio n i s th e questio n o f optimalit y o f Gaussia n codebooks . 

The constructiv e counterpar t t o th e capacit y o f dirty-pape r codin g i s at tract in g 
considerable research . Cair e an d Shama i conside r th e applicatio n o f low-densit y 
parity chec k code s an d pulse-amplitud e modulatio n i n th e desig n o f system s tha t 
approach th e fundamenta l limit s whe n th e interferenc e i s know n a t th e transmitte r 
only causally . Afte r a  tutoria l presentatio n o f dirty-pape r coding , Foschin i an d 
Diaz explor e wha t ca n b e achieve d wit h bot h one-dimensiona l lattice s an d i n th e 
asymptote o f high-dimensiona l lattices . 

The thir d par t o f th e volum e i s devote d t o signa l processing . Th e analysi s o f 
the averag e computationa l complexit y b y Hassib i an d Vikal o o f th e near-optima l 
sphere-decoding algorith m show s th e considerabl e promis e o f thi s technique , whic h 
has application s beyon d combatin g multiuser/mul t iantenna interference . A  metho d 
to lowe r th e signa l processin g complexit y i n channel s wit h rapi d fluctuation s i s 
presented i n th e contributio n b y Chizhik . Thi s make s th e gain s promise d b y 
information-theoretic result s approachabl e eve n i n situation s previousl y though t 
to b e problematic . Foschin i an d Sellathura i sho w ho w t o arrang e a  signa l i n space -
time s o a s t o achiev e capacit y wit h one-dimensiona l codec s whe n ther e i s onl y on e 
receive antenna . Th e techniqu e i s also show n t o b e effectiv e i n approachin g capacit y 
when th e numbe r o f transmi t antenna s i s muc h large r tha n th e numbe r o f receiv e 
antennas. Th e us e o f iterativ e receptio n i n conjunctio n wit h space-tim e code s i s 
explored i n th e pape r b y Biglieri , Nordi o an d Taricco . Space-tim e bloc k code s fo r 
channels tha t incorporat e multiuser , intersymbo l an d mult iantenn a interferenc e ar e 
considered b y Diggavi , Al-Dhahi r an d Calderbank , wh o deriv e a  simpl e formul a fo r 
the diversit y order . Mos t o f th e paper s i n thi s field  assum e perfec t channe l knowl -
edge a t th e receiver . Samardzij a an d Mandaya m explor e th e effec t o f imperfec t 
channel estimatio n o n achievabl e da t a rates . 

The las t grou p o f paper s i n th e volum e explore s issue s relate d t o a d ho c net -
working i n wideban d channels . Souilm i an d Knop p examin e th e rate s achievabl e b y 
flash signalin g i n ultrawideban d channel s whe n onl y channe l statistic s ar e know n a t 
the receiver . Mari e an d Yate s pu t fort h th e "accumulativ e broadcast " strateg y i n 
multihop environment s wher e th e objectiv e i s to minimiz e tota l t ransmit te d energy . 

It i s a pleasure t o acknowledg e th e exper t guidanc e o f Professor Fre d S . Roberts , 
director o f DIM ACS. H e generousl y provide d hi s hel p an d advic e durin g th e organi -
zation o f th e worksho p an d th e preparatio n o f thi s volume . W e ar e als o gratefu l t o 
Ms. Shirle y Hil l o f th e America n Mathematica l Societ y fo r he r diligen t processin g 
of th e content s o f thi s book . Finally , i t i s a  pleasur e t o than k al l th e author s fo r 
their outstandin g effort s tha t mad e thi s volum e a  reality . 

Gerard J . Foschin i an d Sergi o Verdi i 
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