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Spectrum Crunch
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Energy Hungry Wireless Access

* Inthe US, IT energy consumption more than that for
automotive industry.

« Wireless mobile infrastructure consumes half of this
amount.

« With the exp
energy cons

ireless traffic, the
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Cellular Phones cause Cancer

« WHO classifies cell phones as a possible Carcinogen
« Cell phones same cancer I‘ISk categorles as (Feb-2015)
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« Cell phone compames started w iccunnneniiu Peopic O have
their cell phones at a given distance from the body.

http://www.phonescausebraincancer.com
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A Unified Solution
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VLC Frontends

« Developed in cooperation with Fraunhofer HHI and Boston
University.

* Three colors RGB
 Lenses at the receivel
e Use OFDM for modulz

« Offer a modulation bal hrough
careful impedance ma.ciiiy vewveon uie we and the
high-power analog driver.
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Hybrid System & Bonding
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Hybrid System & Bonding
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Joint lighting and power control (System
Model)

» Hybrid System consisting of K RF and VLC hotspots.

* RF hotspots are characterized by:
— P_on: Power consumption needed to turn it on
— P_t: Power consumption required for transmission
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System Model

« VLC hotspots are characterized by:

— P_o: Optical power required to maintain certain level of
illumination
— P_t: Power consumption required for transmission
« Depends on Efficiency 7

» Based on empirical results, efficiency decreases when data rate
increases
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Problem Formulation

Y, 1 if the k-th hotspot is on
71 0 otherwise.

V.. _ 1 if the ¢-th user is connected to the k-th hotspot
"1 0 otherwise.

min Zle P Xy, + Zszl Zle Pri Y
S.t

Yii < Xg, Vi, k (1)
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Problem Complexity

« Our Problem is NP-complete

« Reduction from the Set Cover problem
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Online Algorithm

« Add a virtual source connected to all hotspots.

« Notations:

n’: Number of users seen so far

S: Virtual Source

ce: Cost of edge e € F

ctot: Total cost incurred by the algorithm
a: Guess of the optimal fractional solution
we: Actual weight of each edge

w;: Virtual weight of each edge
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Online Algorithm 1

Algorithm 1 Online Hybrid RF-VLC System

n' =0

& = min ¢,
we=w;=#
Ctotzo

Upon the arrival of a new user w«
n <« n +1
Ve, choose [2In(n’ + 1)| independently random variables I'(e,5),1 < 7 < [2In(n’ 4+ 1)] uniformly
distributed in the interval [0,1]. Set 7. = min; I'(e, j)
START:
Ve such that c. < &, set w, = w
Ve such that = < ¢, < a, set c; po—
if the maximum flow between S and wu is at least 1 then
do nothing
else
while the flow is less than 1 do
Compute the minimum weight cut C between S and wu
Ve € C, w, +— w.(1 + cl,)
if w, ’
w

=1

/
e
J— Ce

Ye then
1

(Y%

e

we = max{we, fw;}

Ctot — Ze WeCe

if cior > aO(log(m)) then
o +— 2«
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Performance Analysis

« Theorem: The online algorithm produces an integral solution
that iIs O(log(m) log(n)) competitive, and is feasible with
probability 1 — -L ,where m is the number of hotspots, and n is

nz
the number of users.

« Theorem: The best competitive ratio (for the fractional case)
achieved by any online algorithm is {2(log(m))
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Simulation Results

« Two Settings:
— One big room, no windows
— Multiple small rooms

« Schemes simulated:
— Hybrid System
— VLC only
— RF only
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Simulation Results
* One big room, no windows
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Simulation Results

« Multiple Small Rooms
Summer noon

Summer night
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Thanks

Questions and
feedback?
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