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Wireless Adhoc Networks

Source

Destination

Adhoc networks: Decentralized communication among many devices; no
prior infrastructure needed.

Key problems:

{ What are fundamental performance limits and scaling laws?

{ Which design architectures perform best?



Distributed/Cooperative Relaying

ldea: Several parallel links from source to destination, where peallel nodes
may cooperate with each other.



Application 1. WLAN and Cellular Networks

Distributed relaying is a cost-e ective  solution to improve capacity, coverage
and link stability.



Application 2: Sensor Networl<s

Distributed relaying decreases power consumption at the sensor nodes and
improves energy e ciency.



Relaying in Standards

UMTS 3GPP ODMA (opportunity driven multiple access)
4G standards, EU WINNER project

WLANSs: |IEEE 802.11 WiFi, Europe HYPERLANZ2
WMANSs: IEEE 802.16 WIMAX

WPANSs: |IEEE 802.15



Information-Theoretic Results

Ground breaking work by Gupta & Kumar, 2000  shows that capacity in
large adhoc networks scales at least as (p n).

Capacity in large relay networks scales as (log(n)) (Gastpar &
Vetterli, 2002 ).

Capacity in large adhoc networks with node mobility scales as (n)
(Grossglauser & Tse, 2002 ).

Capacity in large adhoc networks with network coding scales as (n)
(Gupta & Kumar, 2003 ).

Energy e ciency in large fading relay networks  scales at least as
( pﬁ) (Dana & Hassibi, 2003 ).



Our Approact
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Power-Bandwidth Tradeo

Key system parameters : Power P, bandwidth B, data rate R

Shannon's capacity theorem: As long as the data rateR does not exceed
the channel capacity C, error-free data transmission is possible by using
channel coding.

AWGN channel capacity: For an additive white Gaussian noise (AWGN)
channel with single-sided power spectral densityNg, we nd

C=Blog, 1+

NoB
increasing both in P and B.

Power-bandwidth tradeo : To achieve a target data rate, one can trade
less power with more bandwidth and vice versa. (and of courseoding
complexity)
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A Simple Distributed Relaying Exam

hle
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Power-Bandwidth Tradeo for Distributed Relayin‘b?

Direct
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MML Network Feature 1: Distributed Rel#&s
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MML Network Feature 2: Multiple Antenn

)
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MML Network Feature 3: Multiple Source-Destination P%irs
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Signal Mode
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Linear Relay Forwarding

Low-complexity (no encoding/decoding required), but suboptimal

Linear Forwarding Schemes (Beamforming)
{ Matched lter (MF)

{ Zero-forcing (ZF)

{ Minimum mean-square error (MMSE)
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Beamforming Schemes for MML Network

2
P
h . I:k;le;l
p_ p_ !
Let Hy = Exi1Hika Eie Hit Gk:§
P
Fre G
MF: B «wn = HY'; Bye = Gf
{ Mitigates noise but ignores multiuser interference
ZF: Byn = HEH "HY; Bys =G GGE
{ Eliminates multiuser interference but ampli es noise
MMSE: B ¢y = I+HHH "HE; Bws =GH 1+GGH *

{ Best tradeo for interference and noise mitigation
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Power (W)

Back to Power-Bandwidth Tradecﬂ
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Measures of Power and Bandwidth E ciengy

De ne Two Measures:
{ Energy per bit measures how e ciently power is utilized.

Power-bandwidth tradeo could also be viewed as the tradeo between E—g
and C.

AWGN channel:  Re-expressing the terms in the capacity equation based
on these de nitions, we obtain

Eb
C=lo 1+ —C => =
92 No No C
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MML Network Parameter

S

_ L Pk
Network Power P = ., Ps, + ., PRr,

Bandwidth B is unconstrained.

P
Network Sum-RateR =, R|
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An Upper Limit on Power-Bandwidth TradeH)

Apply the max ow min cut theorem based on a broadcast cut in the
network.
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Best-Case Power-Bandwidth Trade

O

Distributed relaying can at best reduce the power consumption like £K.

Multiple antennas help improve energy and spectral e ciency

{ Multiple antennas at the relays can at best enhance energy e ciency

by a factor of N .

{ Multiple antennas at the source-destination pairs
enhance spectral e ciency by a factor of M .
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MML Network Scaling Performance - Low SNR Regﬂime
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E—gmm scales like 1=IO K and C remains unchanged.
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MML-ZF Network Scaling Performance - High SNR Regime
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- E—g scales like 1=K .

- MML-ZF achieves optimal scaling; (both in terms of energy and spectral
e ciencies) same as the cutset bound.
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Comparison of Upper Limit and MML Schemes: Cutset B¢
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Comparison of Upper Limit and MML Schemes:
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Comparison of Upper Limit and MML Schemes:
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Comparison of Upper Limit and MML Schemes: MI\H|SE
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Comparison of Upper Limit and MML Schemes: Di‘tect
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Summary for MML Power-Bandwidth Tradep

Optimal energy e ciency is achieved at nite bandwidth , there is no
power-bandwidth tradeo at very low SNRs.

Power-bandwidth tradeo analysis shows that distributed relaying leads
to improved energy e ciency

{ Atlow SNR, minimum energy per bit scales like 1:p K.

{ At high SNR, E—g improves like 1=K with ZF and MMSE based relaying
and achievesoptimal scaling

MF based relaying performs worse than ZF and MMSE in the high SIR
regime.

Multiple antennas can help increase energy and spectral e tency of wireless
adhoc networks.
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Conclusion¢

We performed the power-bandwidth tradeo analysis to investigate the
fundamental limits of communication over wireless adhoc n&vorks.

We proposed novel distributed signal processing schemes $&d onlinear
relay forwarding

We establishedimprovements in energy and capacity scaling by the
MML model, and showed its optimality under certain scenarios.

Our analysis shows thathuge power and bandwidth savings are possible
in adhoc networks through low-complexity distributed relaying techniques.
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Power-Bandwidth Tradeo Improvement with MI\/ﬂL
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The End

THANK YOUI!

ANY QUESTIONS?
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