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Point-to-Point Communication

Point-to-Point Communication Channel Model

» operate within channel coherence time

» Y = HX + W channel model

» H = [hj] represents channel fading coefficients,
» Receiver knows H

>

fading coefficients assumed to be Rayleigh
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Point-to-Point Communication

Diversity-Multiplexing Gain (D-MG) Tradeoff

» Multiplexing gain r defined by :

rate = rlogSNR bits/channel use

» Diversity gain d(r) defined by

Pe(r) = SNR™9(") as SNR — oo .
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Point-to-Point Communication

Diversity-Multiplexing Gain (DMG) Tradeoff

Diversity Gain d(r)
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» L. Zheng and D. Tse (May 2003) introduced notion of DMG
tradeoff

» Elia, Kumar, Pawar, PVK and Lu (Sep. 2006) First, explicit,
general and optimal code construction (based on cyclic
division algebras)
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Point-to-Point Communication

The Cyclic Division Algebra Construction

Code matrices are of the form

lo yo(la) ~o>(f1) T
X = El 0(50) 702(62) 7f
by o(l1)  o?(b)

where the ¢; are derived from

fr
QAM message symbols
information-bearing symbols basis vectors I 6071 61’1 62’1
[l 61 0] =[m 72 1] lop lip lop

log 13 (23
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Cooperative Relay Communication Concept

Phase II

» Phase |: Broadcast
» Phase |I: Cooperation

Figure from: J. N. Laneman and G. W. Wornell, “Distributed Space—Time-Coded Protocols for Exploiting

Cooperative Diversity in Wireless Networks,” IEEE Trans. Info. Theory, pp. 2415-2425,Oct. 2003.
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Notation

» S, D are source and destination nodes
» {R;} are the cooperating relays

> {gi, hi} fading coefficients as shown
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Assumptions

operate within channel coherence time

all nodes have a single transmit and receive antenna,
all nodes operate in half-duplex mode

Rayleigh fading

vV vVv.v. vy

Receiver knows its channel-fading coefficient
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Orthogonal and Non-orthogonal Protocols

Broadcast (Phase I) Cooperation (Phase 2)
Time 1 2 s P 1 2 cee q
Source || Tx | Tx | --- | Tx
Relays Tx | Tx | --- Tx

(Tx indicates transmission)

» The protocol is orthogonal if source does not transmit in
cooperation phase (as above)

» non-orthogonal otherwise
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Decode-and-forward versus Amplify-and-forward

I | Orthogonal | Non-orthogonal ||

Amplify & Forward OAF NAF
Decode & Forward OSDF NSDF

OSDF = Orthogonal Selection Decode and Forward
NSDF = Non-Orthogonal Selection Decode and Forward
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Decode-and-Forward Protocol Variations

» In OSDF, a relay decodes only when the corresponding
source-channel is good enough

» FDF ( fixed decode-and-forward) has poorer performance

» in Dynamic Decode -and-forward (DDF), a relay transmits
only after it has received enough information from the source

P. Vijay Kumar, 11Sc Codes for Cooperative Communication



Channel Model and Protocols
Literature
Cooperative Relay Communication Recent Results

Equivalent MISO Channel (AF)

MISO = multiple transmit, but single receive antenna

Phase | Phase Il
Yiveeo-Yp | Vpt1 -+ Yptq

Y:HX—I—W:>[

x{ | x]

= (& &h - gihn | : + n',
T
Xy

Source Tx  Relay Tx
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DMG Tradeoff of a Cooperative Relay Channel

28

Diversity Gain d(r)

22|

08 o3 1

Multiplexing Gain r

» The MISO channel model tells us that with (n — 1) relay
nodes, DMG is upper bounded by the n transmit-antenna,
single-receive-antenna bound

d(r) <n(l-r)

» n =3 in plot above
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Standardization Activity

» Cooperative communication of the type discussed here is
under consideration for example, by the IEEE 802.16j Relay
Task Group and a standard is expected to be completed and
approved by 2008.

K. Sivanesan and D. Mazzarese, " Cooperative Techniques in the IEEE 802 Wireless
Standards: Opportunities and Challenges: Explicit Macro Cooperation in Practice,” a
chapter in the book, Cooperation in Wireless Networks: Principles and Applications,

Frank H. P. Fitzek and Marcos D. Katz (eds.), 2006 Springer, pp. 497-514.
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DMT of Several Protocols

DMT of Various Protocols (2 relays)
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Our Results in Cooperative Communication

1. DMG of the OAF protocol and optimal code construction
2. DMG of the OSDF protocol and optimal code construction

3. DMG of the OSDF protocol and optimal code construction
(items 1-3 above represent joint work with P. Elia, K. Vinodh and M. Anand)
4. and most recently, DMG-optimal code for the DDF protocol
of Azarian, El Gamal, and Schniter.
(joint work with P. Elia)
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Recent Results on Multi-hop Networks

We consider the case of k edge-disjoint, parallel paths between
source and destination.
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k-path DMG Tradeoff

For several interference models, we determine the DMG tradeoff.
The best possible tradeoff is shown below.

Diversity Gain

Multiplexing Gain 1

(joint work with K. Sreeram, S. Birenjith, K. Vinodh and M. Anand)
Thanks!
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