Opportunistic Relaying in Wireless Networks

Shengshan Cui  Alexander M. Haimovich

Center for Wireless Communications and Signal Processing Research
Department of Electrical and Computer Engineering
New Jersey Institute of Technology

CHARIoT Meeting, Princeton



@ Motivation
© System Model
© Two-Phase Protocol and Throughput Analysis

@ Discussion and Conclusion



Motivation

Overview of Throughput Capacity of Ad Hoc Networks

motivation of the work

e Gupta and Kumar (2000) first characterized the throughput of
ad hoc network

Shengshan Cui (shengshan.cui®@njit.edu) 3/16


mailto:shengshan.cui@njit.edu

Motivation

Overview of Throughput Capacity of Ad Hoc Networks

motivation of the work

e Gupta and Kumar (2000) first characterized the throughput of
ad hoc network
o large n regime
o (geometry-based) path-loss channel model

e a multihop scheme achieves © ( o )

Shengshan Cui (shengshan.cui®@njit.edu) 3/16


mailto:shengshan.cui@njit.edu

Motivation

Overview of Throughput Capacity of Ad Hoc Networks

motivation of the work

e Gupta and Kumar (2000) first characterized the throughput of
ad hoc network

o large n regime
o (geometry-based) path-loss channel model

e a multihop scheme achieves © ( o )

@ Gowaikar, Hochwald and Hassibi (2006) proposed the random
connection model

Shengshan Cui (shengshan.cui®@njit.edu) 3/16


mailto:shengshan.cui@njit.edu

Motivation

Overview of Throughput Capacity of Ad Hoc Networks

motivation of the work

e Gupta and Kumar (2000) first characterized the throughput of
ad hoc network
o large n regime
o (geometry-based) path-loss channel model

e a multihop scheme achieves © ( o )

@ Gowaikar, Hochwald and Hassibi (2006) proposed the random
connection model
e large n regime

e random connection model
e a multihop scheme achieves ©(logn) under Rayleigh fading

Shengshan Cui (shengshan.cui®@njit.edu) 3/16


mailto:shengshan.cui@njit.edu

Motivation

Overview of Throughput Capacity of Ad Hoc Networks

motivation of the work

e Gupta and Kumar (2000) first characterized the throughput of
ad hoc network
o large n regime
o (geometry-based) path-loss channel model

e a multihop scheme achieves © ( o )

@ needs centralized scheduling
@ Gowaikar, Hochwald and Hassibi (2006) proposed the random
connection model
e large n regime

e random connection model
e a multihop scheme achieves ©(logn) under Rayleigh fading

@ needs centralized scheduling
@ needs full CSI
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Motivation

Questions of Interests

@ Limitations of the previous schemes from a practical point of
view:

@ We address these practical issues and propose a two-hop
relaying scheme which:
e does not require any cooperation between relays
e requires only CSIR and limited feedback from receivers to
senders
e ... without sacrificing throughput scaling
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System Model

System Model

@ n ad hoc nodes and m relay nodes
e l.i.d. Rayleigh connections

@ Two-phase communication protocol (decode-and-forward)

o Key idea: exploit multiuser diversity!
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System Model

System Model

recall: multiuser diversity in cellular systems

@ Knopp and Humblet (1995) Multiuser Diversity Gain
@ Transmits to the best user only
e Optimal in IT sense {hi} iid. ~CN(0,1)

o Implemented in 15-856 and HSDPA {7} iid. ~ Exp(1)
(with limited CSI feedback) max{y1,..., Y} ~ logn
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Phase 1

specific scheme for Phase 1
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Large n and Fixed m
Two-Phase Protocol and Throughput Analysis How Large Can m Be?

Phase 1

specific scheme for Phase 1

@ @ @ ® (assume CSIR)
@

each relay will schedule the
best source independently

the scheduled sources transmit
at 1 bits/sec/Hz
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Two-Phase Protocol and Throughput Analysis How Large Can m Be?

Phase 1

system throughput of Phase 1

Lower Bound of R;

For any p, m, s > 0, and large n, the achievable throughput of the
opportunistic relay scheme at Phase 1 is lower-bounded by
Ri > m - Pr[Ny,] - Pr[Sy]

> m”(”_l)';ﬂ?—mﬂ) (1 . (1 _ e_s)n)Fy(S _ %)
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Large n and Fixed m
Two-Phase Protocol and Throughput Analysis How Large Can m Be?

Phase 2

specific scheme for Phase 2

® (assume CSIR)

@ @\ @ each destination computes
@ @ @ . ® m SINRs for each relay
CZ}\)J. if there is one SINR > 1, the

® destination feedbacks the

@ @ corresponding relay index

@ the relays transmit to their
respective destinations at
1 bits/sec/Hz
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Phase 2

system throughput of Phase 2

For any p, m and n, the achievable throughput of the
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@ When n — oo, both Ry and Ry — m
@ The system throughput is given 3 bits/sec/Hz
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signal power

SINR = — .
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B logn
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Two-Phase Protocol and Throughput Analysis How Large Can m Be?

Summary for Large n and Fixed m Case

@ When n — oo, both Ry and Ry — m
@ The system throughput is given 3 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

signal power

SINR = — .
noise power + interference power
B logn
~1/p+(m—1)

>1

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

Ry — m and Ry — m.
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How Large Can m Be?

Large n and Fixed m

Ry — m and Ry — 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

Ry — m and Ry — m.

m = ©(logn) (Allerton 2007, submitted)

If m = O(logn), then Ry and Ry are still O(m); If m = Q(logn),
then Ry and Ry are o(m).
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o Define the throughput of the scheme as R = 1 min{Ry, R»},
then the throughput scaling of the scheme is given by
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Summary of Large n and Large m Case

o Define the throughput of the scheme as R = 1 min{Ry, R»},

then the throughput scaling of the scheme is given by

©(logn).
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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.

e Scheduling

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

e Throughput scaling

@ for Phase 1, ©(n) is possible
@ for Phase 2, still ©(logn) (due to lack of CSIT!!!)
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Discussion and Conclusion

Conclusion

@ Propose a new communication protocol for wireless relay
networks
e does not require cooperation between relays
e does not assume CSIT
@ Extends the philosophy of multiuser diversity from cellular
systems to wireless ad hoc networks.

o Characterized the system throughput to be ©(logn), the
same as Gowaikar, Hochwald and Hassibi (2006).
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