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Goal
e Develop protocols by which nodes are assigned to cooperate
with each other

e Relay: additional cheap access points that the service provider
can deploy in the network

e Compare these techniques by simulation
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System Model

N users uniformly distributed:

2r o P
q(r) = 5 0sr<y o
uniform angle between [0, 27) BS/AP

Communication schemes:
« Non-cooperative: direct transmission to the destination
» Cooperative: employ a relay to forward data
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System Model

transmitted signal _
power , transmitted data

4

Yo = \/ PR hyjti+ny 1 antenna design parameter
P  « : path loss exponent

H v
received signal channel fading
at the destination gain

Pre = P(SNR(r) < 7pe)  Vne determined based on application
and transmitter/receiver structure



Protocols and Analysis

e Direct Transmission
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Protocols and Analysis

e Cooperative Transmission

heg |2 Kr-&P hg |? Kr;*P
SNR(r.g) = | d|NO sl —_ SNR(rsl):| l|NO L

| hea 1> and | hy |* are mutually independent exponential random variables
with unit mean.

------------------------------
""""""
st "a
. 0
.® Y
. .
. -
* ‘e
. *

s .
-------------
....................
-------
........
.
.
.
.
.
*

o
.
ey
. .
. . s
.............
...........
------------------

‘e

‘>

03
., **
. .

", .

y .
.......
-----------
---------------------

Pr(SNRsl > ’.)/c)P (SNRd g WC‘SNde § 70)

* .

- .
--------------------------------------------------------
.
PSR

[7]



Relay Assignment Algorithms

e Genie-Aided Algorithm:

— Lower bound on the outage probability for any assignment
protocol

— For any source node put a relay at the optimal position on the line
joining the source and the destination (BS/AP)

Outage probability of the cooperative transmission (conditioned on
fixed topology):

Poc (rsd, sty 1d) = P ((SNR(rsq) <) N (SNR(rs) < 7))
+ P ((SNR(75a) < v) N (SNR(r1q) <) N (SNR(rs1) > 7))
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Relay Assignment Algorithms (GA)

N f}f'ra Novyrs
o YT, o YT,
Poc(rsd, sty Tid) = (1 - EXP(——‘d)) (1 - EKP(——”))

KP KP
Ngfyra Na'w Noyre
1 — _ Y sd 1 — __Zlid p(———=t

Novyr Ny ’.‘“(3 —|—tr'oj
— (1 — exp(— f{; "d)) (1 — exp(— o I-({PI 1d) ))

Valid for the cooperation transmission with any relay-assignment algorithm

Next step: finding the optimal relay position
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Relay Assignment Algorithms (GA)

@ Optimal relay position should be on the line
50 joining the source and the destination
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F'id = T'sq — Tsl

rg = argmin Poc(rsd,Tst), :

Tsi

subjectto 0 < rg < 7.
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Relay Assignment Algorithms (GA)

¥ _ Tsd
@ ri = "5t for a>1

Genie-aided algorithm outage probability: Py (rsq) = Poc (rsd, i)

0
Poc :/ q(rsa)Poc(rsd)drsq
0

I kP T2 N (1420 p°
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Relay Assignment Algorithms (NN)

e Nearest-Neighbor Protocol:

destination

« For each source, the relay is chosen to be
Its nearest neighbor

 Relay’s location distribution 1s not uniform!

[12]



Relay Assignment Algorithms (NN)

e Conditioned Probability

N ﬁ_TCY N~ [:Toz X T()z)
NN\Tsd:TslyTld) = 1— _ 20/ sd 1 —e _ 2ol A\ sl ld
Ponn(Tsd,TstsTid) ( exp( P )) X ( exp( s )

e Average outage probability

7l
Powx = /0 / Pon N (Tsairsts T1d) Prn (re) 4(Tsa) drsi |
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Relay Assignment Algorithms (FR)

e Fixed Relays Strategy:

— Deploy fixed nodes to act as relays o i o
— Reduce the overhead of

communications to pair for o o o: delstination

. : o :relay

cooperation o source
Optimum relay position:

Divide the cell into m equal sectors

(m = number of fixed relays)

r¥ — are min P ( ) rq(0) = \/7"2 + 12 — 2rqrig cos(0)
ld g oc\Td); : s sd T Tid s

S.t.0 <y <p

21
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/ POG(Tsd, TSI(Q): Tzd) %dﬂ"dlsd
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Relay Assignment Algorithms (FR)

— Solving the optimization

problem IS hard! . ° : destination
. ) o :relay
— Consider the following ., o : source
heuristic: . o
w0 >0
o /K o
. X-axis
1 2
Let q¢(ri) = E(||re’’ — ral?) 5 ©

r; = arg minE (||re’’ — r4)?)

., 2m . /T
we get Tig = 3 Sin (—) p
m m
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Relay Assignment Algorithms (FR)

k=1,a=3,P=0.05, 10°
R=1N, =101

Conclusion: dividing the cell into -
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Simulation Results

i Fixed relaying ha.S the best O e ! !
e NN-MRC S

Performance T e e

 Cooperation yields around
7dBW savings in the transmit
power with respect to

direct transmission
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Simulation Results
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Summary

Address the relay assignment problem for coverage extension

Two relay assignment protocols:
— Nearest-Neighbor protocol

— Fixed Relays strategy

Provide a lower bound on performance of relay assignment
protocols using a genie
Simulation results:

— Fixed relays strategy outperforms nearest-neighbor protocol

— For larger cell sizes, the performance gap between direct and
cooperative transmission diminishes
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