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System Model
recall: multiuser diversity in cellular systems

Knopp and Humblet (1995)

Transmits to the best user only

Optimal in IT sense

Implemented in IS-856 and HSDPA
(with limited CSI feedback)

Multiuser Diversity Gain

{hi} i.i.d. ∼ CN (0, 1)
{γi} i.i.d. ∼ Exp(1)

max{γ1, . . . , γn} ∼ log n
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Phase 1
system throughput of Phase 1

Lower Bound of R1

For any ρ, m, s > 0, and large n, the achievable throughput of the
opportunistic relay scheme at Phase 1 is lower-bounded by

R1 ≥ m · Pr[Nm] · Pr[Sm]

≥ mn(n−1)···(n−m+1)
nm

(
1− (1− e−s)n

)
FY (s− 1

ρ)

⇒ R1 → m as n →∞ and m fixed.
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How Large Can m Be?

Phase 2
system throughput of Phase 2

Exact R2

For any ρ, m and n, the achievable throughput of the
opportunistic relay scheme at Phase 2 satisfies

R2 =
m∑

k=1

1 · Pr
[
∃SINRP2

k,j ≥ 1, ∀1 ≤ j ≤ n
]

= m

(
1−

(
1− e−1/ρ

2m−1

)n)
.

⇒ R2 → m as n →∞.
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How Large Can m Be?

Summary for Large n and Fixed m Case

When n →∞, both R1 and R2 → m

The system throughput is given m
2 bits/sec/Hz

This result is intuitively pleasing in that even allowing
cooperation between relays, m indeed is the maximum spatial
multiplexing gain in each phases!

Comes at no surprise

SINR =
signal power

noise power + interference power

=
log n

1/ρ + (m− 1)
≥ 1

... thanks to multiuser diversity gain
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Large n and Fixed m

R1 → m and R2 → m.
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How Large Can m Be?

Large n and Fixed m

R1 → m and R2 → m.

How Large Can m Be?

If we allow m to grow as a function of n, how large can m be,
while still satisfying the linearity of system throughput with m?
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How Large Can m Be?

Large n and Fixed m

R1 → m and R2 → m.

m = Θ(log n) (Allerton 2007, submitted)

If m = Θ(log n), then R1 and R2 are still Θ(m); If m = Ω(log n),
then R1 and R2 are o(m).
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How Large Can m Be?

Summary of Large n and Large m Case

Define the throughput of the scheme as R = 1
2 min{R1, R2},

then the throughput scaling of the scheme is given by
Θ(log n).
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Discussion

Throughout the analysis, we assume relays operate in a
completely decentralized fashion.

How will cooperation between relays change the scheduling
and throughput scaling?

We still consider the case of CSIR with feedback.

Scheduling

1 for Phase 1, (MIMO uplink) any m sources are likely good
2 for Phase 2, (MIMO downlink) same scheduling

Throughput scaling
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