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Motivations... how to study the impact of fading impairments
on distributed transmissions?
|

IEEE TRANSACTIONS ON COMMUNICATIONS, VOL. 51, NO. 11, NOVEMBER. 2003 1927

Cooperative Diversity in Wireless Network

Efficient Protocols and Outage Behavior User Cooperation Diversity—Part I

_ | System Description
J. Nicholas Laneman, Member, IEEE, David N. C. Tse, Member, IEEE,

and Gregory W. Wornell Senior Member, IEEE Andrew Sendonaris, Member, IEEE, Elza Erkip, Member;, IEEE, and Behnaam Aazhang, Fellow, JEEE
For|Ravleigh fading, i.e.| |a; ;|° independent and exponen- L T ) T L s
tially disiribufed wiih parameters o —2_ analytic calculation of the| fading coefficients K;; are zero-mean complex Gam'nm
the outage probability becomes involved, but we can approx- random varnables with EEIII}].HCE‘ & \which corresponds fo
imate its high SNR behavior as Ra‘i, le1gh fadmg) We alao assume that the BS can track the

a -

Py (SNR.R) := Pr[lar < R

Rayleigh fading... is experienced when the dimension of the cluster of scatterers
surrounding the transmitter or the receiver is much larger than the signal wavelenght...

Py
@‘ . SNR = 1= fye (W)

———__ \
. —

Short-range communication (for coopera’rlve Tx). .. Is Rayleigh fading model still
effective?

How does the propagation environment impact on the performances of
(distributed) wireless transmissions?
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Outline

Part 1 Outage probability analysis for arbitrary fading channels
- Moment Generating Function based approach
- Outage probability analysis for arbitrary fading channels

S M
e oy @ O
S @ \ S.Savazzi, U.Spagnolini “"Cooperative fading regions for

_ decode and forward relaying” TEEE Trans. on Info.
‘ R - — -7 Theory, vol. 54, no.11, November 2008

Part 2 Quantifying the price of cooperation in arbitrary fading

- Cooperative fading regions

((5)
BS
Part 3 Cooperative Networks design RS Mv

- Relay deployment design

drd’Cl’d/ drd’Crd
- Virtual MIMO vs MIMO

/
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/
/

S. Savazzi and U. Spagnolini, "Design criteria of two-hop based ! ,f:: -~<, B RS
wireless networks with non-regenerative relays in arbitrary fading N -

channels,” to appear on IEEE Trans. On Communication, expected May S |&

2009
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Background on cooperative transmissions

|
S JdM o“&\
N Ol
S = S A 6\(‘) -7
Fading channel & .7
, 7’
High costs, hardware size . ~.  mm=a

Price of cooperation &
depends on  the

@ @ amount of fading

that impairs each

o 1- i
(\, _ Q_, source-relay link
J
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Background on cooperative transmissions

||
Thr'e.e k.ey-r‘esear'ch "'OP.iCS-:- Repetition based (space diversity..),
1) Distributed Synchronization Fixed relaying

[Strogatz, Simeone, Goddard, Scaglione etc...]

2) PHY layer transmission schemes:
Relaying processing (DF - AF), Repetition 5 \
based (space diversity..), Distributed ST \

coding, Coded cooperation O‘ """""" 1 TTTTTTmoos "@
[Laneman, Nosratinia, Goldsmith, Poor etc...] N +1
— e —rr—r
Il e

3) Medium Access Control:
fixed/adaptive relaying, relay grouping and
partner selection, randomization

[Nosratinia, Scaglione, Valenti, Goldsmith, Kumar  Distributed ST coding,
etc...] Adaptive relaying

s N A

N +1 < >

PRI ~ .
l-«
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Part 1 - Outage analysis in arbitrary fading channels

7
/
S s I@l =
> _ P -
SNR_NO\h\ f|h|2(w)

Fading distribution

S cattering
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u
Part 1 - Outage analysis in arbitrary fading channels

Ve
1,
TS /
_ P n? -
:> SNR_NO\h\ f|h|2(w)

TS RS

___________________________________________________ I

S cattering

Fading distribution

Outage probability ruled by diversity
Outage g ‘\\ and coding gain [Tse]:
probability Z | "\ (NG
analysis £ «—— Pr[SNR < B]= Cpo
~—>SNR
Diversity d is such that Coding gain ¢
—log F .(s) o 1/d
Theorem J  d-lim c= (F(d +1)/lim s°F z(s))
s—>a0 log s S—>00 h|

MGF F .(s) :J' f. . (w)exp(—sw)dw I(x)=[y*“exp(-y)dy
N\ 0
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. . . . . [ D
Diversity in arbitrary fading channels
Moment Generating Function based approach

—log |, No! i (w)dw

d = lim
= A
v R P ) dlog P Conventional approach
x| N _— (C : SNR) - requires integration over
2 g arbitrary small interval
5 . . L
S - integration complexity is high
SNR
—logF . (s)
' d=lim I MGF based approach
MéEF “ o= logs - MGF is available for a variety
—d  _ fim cd of pdfs
A v Q- =lims“F . (s P
\ s 9 s N ) - used for evaluating Pairwise
\ / Error Probability
S . . . .
R - integration complexity is low

» (Laplace Transform)
Flhlz (s) = fo f|h|z(w)exp(—sw)dw
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|Diver'si'l'y in arbitrary fading
|

Integral form for the random fading power density function

x . ~ DTf . (W)] t-th order fractional
f|h|2 (W) = _[F(t +1)~-D [f|h|2 (O)wdt derivative of random fading
0 power pdf in w=0

fLo (W)= ]F(t +1)* DS (O)]w'dt + Tr(t +1)*-D'f . (0)]w'dt =
X, )

=0
t" is the order of the first non-zero fractional derivative of
the random fading power pdf in zero such that

j; C(t+2) " D'[f . (O)w'dt=0

/ ©
R = j Ct+1)"-D'[f . (0)]w'dt

The fading power density can be approximated for large SNR as
f (W)= +2) "D [f O +ow |

|
{ 5 BN,/
Diversity becomes 1o I U

d = lim
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Diversity from the MGF

Necessary and sufficient condition for t is

lim st*”F'h'z (s) > 0 and finite

S—0

Condition is sufficient as

Ve>0,D' [ ,(0)]= lim s'F ,(0) =0

Condition is necessary from initial value theorem

Since
. log F|h|2 (s)
lims' *F ,(s) > 0and finite < lim —— > 0 and finite
S0 |h| S—>0 |0g gt +1
then diversity is
) —logF .(s)
d=t"+1=Ilim i
S—® |Og S
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Example - Outage performances of
Distributed-MIMO in arbitrary fading channels

—log Fh_ . (S)

ij

S—0 logs

1/d,
Cjj = (F(dij +1)/ lim g% F‘h.-\z (S)j

S—00

TS, Cooperative diversity
D provided by
-2 distributed MIMO
- /' transmission
_ I\ﬁl'_\'_—[l (d ) / d
I'(d;; +1)/c;’
Pr[SNR < B]= 4 PONE.Y = N J
0 NAIM-L P } i M_lN_ld ]
+ i
SNR =, 2 G
0 j=1 i=l

Diversity does not simply scales with the product of the number of tx antennas and
rx antennas but is the sum of all diversities provided by all the links for distributed TX..
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Example - Distributed ST coding in mixed
Rice/Rayleigh fading

|
10’ .
simulated outage
; approximation
10

Outage probability
o, o

10—10

TSy T
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10~ ‘
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Part 2 - Cooperative fading regions
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Part 2 - Cooperative fading regions: Problem definition

..what are the conditions on the arbitrary fading distributions

Sr

ol ~f, .w) |h

‘2 -~ fhsrz (W) ‘hsd ‘2 -~ f|h5d|2 (W)

that make the use of the (overheads of the) cooperative TX to
be of any advantage
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Cooperative fading regions: Problem definition

..what are the conditions on the arbitrary fading distributions

Sr

‘hrd‘Z - fhrdz (w) ‘h

‘2 -~ fhsrz (W) ‘hsd ‘2 -~ f|h5d|2 (W)

that make the use of the (overheads of the) cooperative TX to
be of any advantage compared to multiantenna transmission
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Cooperative fading regions and outage

Define the diversity and the coding gain provided by each cooperative channel:

d, =limlog F|h : (s)/log S
d, = !m log FIhrd|2 (s)/log S

d,, = !Ln; log F|h5d|2 (s)/log S

1/d,
Cy = (1“(dSr +1)/lim 5% P (s))

—>0

1/d,
ot = (P +2)/lim s*F, ()

1/d,,
Cy = (r(dsd +1)/lim s F, (s)j

..diversity

o -

[

' ' Tim
\\/y e

Price of
cooperation

and

coding qain pairs

s Yu for cooperative TX

N (e @ to be competitive
_ s oo = 4Usdr Coa ) < =7 i i ?
' 07 T e with direct TX:

Non-cooperative (direct tx)
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Cooperative tx
(e.g., protocols DF, AF D-ST...)
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Example - .
N Cooperative fading regions for DF and DST in Rice fading

|
o Selecti
elective D-ST protocol -
DF protocol
10| '
{
\
g s|
=
N x
0.
. v K, >-10dB
51 . \ -S|
YK, >7dB
. :
105 0 5 10 155 0 5 10 15
) K. [aB] Regions are specialized K, [dB]
/ to fit with Rice environments
o »K* S e.g., Alamouti coding (M=2)
s "\)\Ks:r/l' LA @ | M---__ Rayleigh . 5 (D
Q-.___- Rayleigh _ _= ),
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simulations...)

|$ummary of main results (from extensive

S
B0 ® @MKo 70

only for K>9dB...

O O-K = 0>® Q. ------ K=0-.___7®

O- -K = O
for K>6-7dB (fixed decode and forward)

O S
LT Gt e

for K>6-7dB (selective decode and forward)

O~k =-10dB > g™
5@7 \\@ O IY """ K=0-.__~ @

K=0
for K>4dB (distributed ST coding)
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I
| (Asymptotic) Cooperative fading regions

For asymptotically high SNR the performances of cooperative
systems are ruled by the diversity only (or cooperative diversity)

—log Fh : ()

..what are the required “inherent” diversities provided by
each cooperative link that make cooperative diversity to
be larger than diversity provided by multiple antenna TX?
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transmission
||

Multi-hopping or Single path relaying (K+1 single antenna terminals)

_ 7 K
5{31%@{@»@ ----- O—d }>®

d, =—lim(log ﬁh : (s)/logs)

I
| Example - Multi-hopping vs. direct multiple antenna

Multiple antenna transmission (M-antenna terminal)

S M
O ~w S 20)

< >
Asymptotic Cooperative Fading Regions  Performance is ruled by the
channel that provides the

iRT\?IH — {min[dl,---, dK ] > Mdsd } lowest diversity

(E.g. for M=1, Multi-hopping vs o '
direct single antenna transmission) R {m In [dl e @ K ] > dsd }
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[ D
|Example - Multi-hop cooperative transmission vs. direct

Multipath relaying (K+1 clusters)
e.g.,DST protocol

- ———
-

Ny

O —>
..... O Ot dk ©

O >

K-1

Multiple antenna transmission (M-antenna terminal)

S I M
< »

Asymptotic Cooperative Fading Regions
Ro., ={min|[N.d,,..,N,d, |>Md}
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Part 3 - Cooperative network design

rd ’ (( )) BS
s A
.b Deployment design of

, C
ﬁ?rd " fixed relay networks

~ f|htr|2 (W)

V-MIMO design

Telecommunications Research Center - FTW, Vienna, 6/3/2009 - I POLITECNICO DI MILANO

2
ol

h




Deployment design of fixed non-regenerative relays

N=2 FIXED single antenna Relay M=2 antennas at the
Stations (RS) Mobile Station (MS) Mobile Station (MS)
is single antenna
()
dg,C (‘5) BS --- Rayleigh é BS
fading e~
RS% — Arbitrary Y
Arg) Crg fading Y
2277~ f RS
s >
T T
1 . [ ]

..what are the requirements on the fading distribution for the
fixed RS-t0-MS link that make the use of fixed AF relay
stations to be of any advantage compared to multiantenna

transmission?
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Example - Deployment design of fixed AF relay
networks in Rice fading

m
6
55 . .G . =9200R _ . ____--
N
I s
L
o Lo =10dR-______-=--
o 4.5|
w —
E Z@_ ¥ TP ITTYY
o G,4 = 20dB
c
0 3.5
8 Kq=7dB BS
E 3| : N=1 \Grd :\10dB (([%)
c
=10aB
D —6 - \
5| : Pout =10 M
G = 5dB I — h-~
rd : Gsr 20dB
1.5 ‘ ‘ * ‘ w , w - ‘ i
-3 30 -25 -20 -15 -10 -5 0 10 15 20
K g [dB]
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Some design rules

N=M-1 %)BS --— Rayleigh

RS IC fading

—» Arbitrary

K fading
\ \
\
’\
X:f’\‘s ﬁ RS <:>

§
\

MS
T
1 . K~MxR
N =M —1
Y BS 6: average
fading power |--— Rayleigh
& - gain fading
compared to | — Arbitrary
direct MS- fading
‘\ L to-BS link

:::’\‘A ﬁ RS
s <>

T
BN B G~exp(MxR)
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V-MIMO transmission for decode and forward relaying

Phase (i)

Repetition based (DF)

Apg T

Distributed ST coding

Qpst T

Repetition based (DF)
1T2- T

apgN; - T

Distributed ST coding

I 10—

Apsr T

Phase (lii)

Repetition based (DF)

12 "NNR

Distributed ST coding

apgNg - T

Apst T
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O Idle terminal
O Receiving terminal

® Transmitting terminal
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V-MIMO

| Asymptotic cooperative fading regions for .

Outage probability of V-MIMO
collects the outage events for
infra-cluster and inter-cluster
communications.

Diversity provided by
V-MIMO:

Ilm - Iog Pout (IO’ R) —
P |Og,0
= min[NTdst, NT NRdtw NRdrd]

o .
ERVMIMO o {mln[NTdSt 1 |\IT N Rdtr J N Rdrd ] > M T M Rdsd }
Asymptotic Cooperative Fading Regions
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Example - Cooperative fading regions in Nakagami-m
fading: V-MIMO v.s. MIMO

|
10
9 L
81 ..
Transmission
For realistic propagation settings resources should
= ol Virtual MIMO cannot be regarded as | be allocated
=] competitive compared to MIMO systems ! to enable
I collaborative
- D-ST .
(a! | processing
= @:) either at the TX
or at the RX
5 -
4
3
3
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Example - Cooperative fading regions in Nakagami-m
fading: V-MIMO v.s. MISO

\/

Mg = M,
o1

D-ST Me=
§ DF Rayleigh -
2" 1 @g - V—@ -

1 \ \ \ \ | \ | \ |
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

mtr
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Concluding remarks and future directions. ..

v MGF based approach to performance analysis of (distributed) wireless
communications in arbitrary fading is proposed. Outage probabiliy analysis is
carried put using information theoretic tools

v Advantages of cooperative transmissions (for any protocol) are closely
related to the propagation environment and to the channel statistics of the links
involved in collaboration that limit the price of cooperation

v' The price of cooperation for cooperative wireless systems compared to
direct multi-antenna transmission is quantified in terms of outage probability
and for arbitrary fading.

Analysis shall include the effect of mobility in time-varying fading and channel
out-dating due to imperfect channel estimation

Energy comsumption should be properly modeled to include the impact of the
increased energy expenditure of cooperating devices at the receiving front-end

Effective channel measurements are needed to franslate the proposed
theoretical analysis into a partical model for network design
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Thank you
for your attention

Any question?
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