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Wireless Network Simplification

Se D

Can we maintain (a good part of) the capacity by using a (small)
subset of the relays?
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Two-Stage Relaying: the N-Relay Diamond Network

Model: Yi=hsXs+2Z, i=1,....N Yy = 27:1 higXi + Z4

@ Capacity: Schein and Gallager'2000, Niesen and Diggavi'2010..
@ Relay Selection: Bletsas et al.’2006,...
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Diamond Network
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Diamond Network

C ~ log(1 +2t?) ~ 2log t C ~log(l+t>+1t)~2logt
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Diamond Network

C ~ log(1+2t?) ~ 2logt C~log(l+t>+t)~2logt
C1 ~log(1+t°) ~2logt G ~log(l+t)~logt
1
G~C ClzzC
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Simple Result

Theorem

In every Gaussian N-relay diamond network, there exists a relay such that
routing over this relay achieves a rate

1—- 1
G > §C— Emax(3|ogN—2.75,2IogN).

o
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Simple Result

Theorem

In every Gaussian N-relay diamond network, there exists a relay such that
routing over this relay achieves a rate

1~ 1
G > 5 C — 5 max (3log N — 2.75,2log N) .
There are channel configurations for an N-relay diamond network such that
1
G < 5 C.

v
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Main Result

Theorem

In every Gaussian N-relay diamond network, there exists a subset of k

relays, such that the capacity of the corresponding Gaussian k-relay
diamond sub-network,

k — k
> C —3k—- —— —2.
Cx > k—i—lC 3k k+1max(3|ogN 2.75,2log N)
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Main Result

Theorem

In every Gaussian N-relay diamond network, there exists a subset of k

relays, such that the capacity of the corresponding Gaussian k-relay
diamond sub-network,

k — k
> — C —3k— —— —2.
Ck > k—i—lC 3k k+1max(3|ogN 2.75,2log N)

There are configurations of Gaussian N-relay diamond networks such that
the capacity of every k-relay sub-network is upper-bounded by,

k
Ck < mC + 3k + max (3log k — 2.75,2log k) .
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As an Approximation Result

The capacity of the Gaussian N-relay diamond network is bounded by

k — k _
——C —3k— —— log N —2.75,2log N) < C <
k—l—lC 3 k+1max(3og 5,2logN) < C < C,

forl<k<N-1.
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As an Approximation Result

The capacity of the Gaussian N-relay diamond network is bounded by

k — k _
——C —3k— —— log N —2.75,2log N) < C <
k—l—lC 3 k+1max(3og 5,2log N) < C < C,

forl<k<N-1.

The best known capacity approximations by Avestimehr-Diggavi-Tse'08:
@ Additive Approximation:

C-3N<C<C

@ Multiplicative Approximation:

1
2N(N + 1)

o
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As an Approximation Result

The capacity of the Gaussian N-relay diamond network is bounded by

k — k —
—C —3k— —— log N —2.75,2log N) < C <
k—|—1C 3 k+1max(3og 5,2logN) < C < C,

forl<k<N-1.

The best known capacity approximations by Avestimehr-Diggavi-Tse'08:
@ Additive Approximation:

C-38<C<C

@ Multiplicative Approximation:

1
2N(N + 1)
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Proof of Main Result

@ Cut-set Upper Bound:

kK

_— B
Ck_k+1c k+1

max (3log N — 2.75,2log N)

@ Quantize-Map-and-Forward with k relays:

CkZ?k—:‘ik
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Cut-set Upper Bound

min maxlog(1 + |his|?) + maxlog(1 + |hig|?) <
A IGK ieN
C= sup minl(Xs, Xp; Ya, Y5 | X3)
Xs, X1, Xy N

< min maxlog(1 + |his|?) + maxlog(1 + |hig|?) + 3log N
A ien i€
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Proof for k =1

—=S .
C” = min max R;s + max Ry
A ieh ien
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Proof for k =1

—=S .
C” = min max R;s + max Ry
ieh ien
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Proof for k =1

—=S

C” = min max Ris + max Riy
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Proof for k =1

C’ = min max R;s + max Rig
ien ieN

G = min(Rss, Rig)
Proposition:
dan i s.t. C %?S. J

Proof: Let CC = A. Assume Vi,
either

1 1
R,'s < EA or R,'d < EA

Then C° < A. Contradiction.
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Proof for k =2

—=S
C = min max Rys + max Rid
keh

Ciin= min maxR +maxR
(i} ACHijY ke ke kd
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Proof for k =2

—=S
C = min max Rys + max Rig

ken
??iu’} = A?{i:r:;} T:/)\( Ris + max Ria
Proposition:
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Proof for k =2
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Proof for k =2

C = min max Rys + max Riqd
ken

??iu'} = min max Ry + max Ria

AC{ij} kel
Proposition:
Janijst Cpujp>3C. J

Let C = A
Property 1: 3i, such that

2 1
Ris > §A and R,‘d Z gA

Property 2: 9j # i, such that

1 2
Rjs > §A and Rjg > §A'
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Proof for k =2

S
C = min max Rys + max Rid
keh

Ciin= min maxR +maxR
(i} ACHijY ke ke kd

Proposition:
5 o —=S =
Jdani,js.t. C{,-J} > %C . J

Let C" = A.
Property 1: 3i, such that

Property 2: 9j # i, such that

1 2
Ris > §A and Rjg > §A.
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Future Work

Se D

@ Arbitrary Wireless Networks

@ Optimal Resource Utilization

@ Optimal Resource Sharing
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