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On Reliable Communication over RF and Optical Wireless Channels
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!I‘mh]mu Setting: Time Varying RF n!-\lllbﬂh!

® In severnl situations, the oansmitters and receivers in & communicazion
network, of the seros and actustoes in a control aymem, must aperate
without . complese knowledge of the probability law which governs the
tranamission chanmel, for instance, when the probability low changes with
time.

+ Examples include those arising in RF mobile wireless communication:

s Owing w the mobility of the rensmitters and receivers, or changing physical
envi the degradation of the itved signnls due to multipath,
shadowing and propagntion losses, is tme- varying

» The timevarying bebavior of the channel probability law is cypically
described in terma of the evolution of an underlying channel state
charmeterizing the “conditon”™ of the channel.

 Varying exsents of channel staze information (CSI) can often be provided to
the trunmmitters or receivers, leading to better communication.

» Capacity regions of brondeast or downlink time-varying RF channels when
various degrees of channe| state information (CS1) nre mvnilable to the
TrAnsmitteT of receivers,

# Specinl cnses:
— C5l ondering at the wansmitter nnd receivess.
+ Caparity region.
= No C3I at the wransmitzer. =
+ Inner and outer bounda,
— Perfect CS1 2t the transmitter, and (possibly] C51 ordering ot the
receivers.

+ Conditionsl Guussinnity is lost.

|Combining RF and Optical Transmissions |
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® RF fading link: Fy,jx,, s ~ Gaussinz

» Optical link: Fy.y, ~ Poissan{z, + Ag).

* Inpus consraints

the optic

o Downlink of o mobile wireless channel: time-varying fading broadest chanmel
* Time-varving behnvior modeled by introducing o channel stafe §; = {51, Sa4)-

LIRS

« Koy Objective: To study bow CSI can be gainfully used in devising trarsmitter and
tecelver strategies 8o ns to enable relishle and efficlent comeminiention over
time-varying RF channels.

| Fading Broadeast Channel without Transmitter CSI |

Two-receiver fading broadenss channel (slow, fat fading channel): At recelver-k,
kwml,2:
= ZeSup + Nig, #

where
® {r;} is the R-vnlued tramsmitted signal with average power P:
* {5,,} is the R*-valued fade suffered by the transmission to receiver-k;

® {Nis} s iid, Gaussinn noise ~ A'(0,07) at receiver k.

We have derived the following inrer and outer bounds on the eapacity region,
* Outer bound C7 is obtained by providing CS1 ordering ot the trarsmitter
and receivers.
# Inner bound O where Cf ~ receiver-k decodes both
messnged, feceiver-k© decodes only its own message.,

Combined RF/Optical Channel Model |

# Discrete time model for the switching chanel.
= Ar each time, the channel selector selects one of the two available

channels.
— The decision V' deperds on BF chanpel fade information §.
— Rand i switcl iwion i o0 addidanal §

Combined channel transfer function:

I westwlz» 11

# Inpus constrainta:

- Peak power constraint for optical channel:

~ Constraint on overtme of optioal channel.

Problem Setting: Combining RF and Optical Transmissions |

® With the crowding of the RF spectrum and increasing demand for bandwidth
ilability, recent prop 1 the use of optical wireless links as o
visble complement.

« Switching between RF and optical modes nlso affords 2 means of sending
additonnl informaion ( “sum chionnel”),

« We are currently investigating the combined wse of wireleas RF and optical links,

® Key Objective: To understand bow RF power control can be combined with
RF/oprical link-awitching wo achieve higher throughpus,

:F.xmnph*: Rayleigh Fading Broadcast f‘]lnlm--l_
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» Downlink of mobile wireless channel

= Adeguate CSI at the nnd receivers por 1ol neross
trarsmit antennne nnd benmforming 7

— No CSl: Space-time coding 7
= Partial CS1: Intermediate scluzions 7

» Determinasion of eapacity

formula for the combined RF foptical channel
= RF joptical “link-switching™
+ “Sum charmel™ with of
information.
» Relationship to RF power contrel.
~ Cotbined use of RF foptical fading links.




