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Motivation and Introductions

e Enable low-cost, single-antenna terminals to exploit spatial
diversity gains offered by Space-Time codes

e Design tradeoff:. Allocation of resources between broadcast
and cooperative intervals

e Simulation-based optimization algorithm to optimize the LD
code and power allocation

e Optimal codes for various system configurations and fading
statistics



(M, N) System Model

e [erminals: 1 source terminal, M — 1 relay terminals denoted
by S and Rp,, n=1,...,M — 1, respectively

e Receiver: 1 N-antenna receiver with each antenna denoted
by Dn,n: 1,...,N

e Channel: source-to-relay, source-to-destination, and relay-
to-destination channels are assumed to be mutually indepen-
dent block-fading channels with arbitrary fading statistics,
and are denoted as hgp, ., hgp,, and hgr p , respectively

e Energy Constraint: Eg = Total energy used
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Transmission Scheme - Broadcast Interval

Define sq1,s9,...,5¢ as the Q different r-QAM symbols where s =
aqg+308q, ¢ =1,...,Q, and E{|s§|} =1

e Energy Constraint: E{ = Egcos?a,a € (0, )

e Source forms 7 linearly combined symbols k = [k1, ..., k-]L us-
ing @ r-QAM symbols, s1, ..., SO\ and the first-layer dispersion
T X 1 vectors cq, dg, ¢ =1,...,Q

e Source transmits k1, ..., k- to the relays and destination during
T consecutive symbol intervals



Transmission Scheme - Cooperative Interval

e Energy Constraint: Es = Egsin?a,a € (0, )

e Use Amplify-and-Forward Scheme

e Source and relays form the second-layer LD codeword us-
ing their received signals corresponding to k1, ..., k+ and with
dispersion matrices Ay, B, t = 1,...,7, where A;, B; have
dimensions (T'— 1) x M, and each relay uses one column of
the dispersion matrices



SNR and Path Loss

Denote the distance between source and relay Ry, as dgg,,, m =
1,...,M — 1, distance between source and destination as dgp,
distance between relay Ry, and destination as dr_p, and v is
the path loss exponent, the SNR for broadcast and cooperative
intervals are:

pspa1 =2 ()", PSRy = 2 ( : )V,

—
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Broadcast Interval

In 7 time intervals:

e Broadcast Interval dispersion matrices: ¢4 = [clq,...

aﬂd dq: [dlq,,qu]T, q — 1,,@

e [ransmit:

Q
k = Z (Oéch ‘|‘Jﬂqdq>> q — 17 7Q

q=1

e Energy Constraint:

Q
> (cfcq + dé{dq> <2r
q=1
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Broadcast Interval (cont’'d)

Received Signal:

rr. = |hsRr,.|\/PSR. kE+ng, , with ngp ~Ne(0,I), m=1,...

an,B:hSan/pSD,lk_l_nDna with nDnNNc(O,I), n=1,...

Define:

Yy = [%{7‘%1} %{rgl} g%{,,%M_l} %{,’%M_l} }T

2(M—1)rx1

which can be written as

1
y1 = H1Gx + n, n~N(0,§I>

M—1

, N



Broadcast Interval (cont’'d)
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Cooperative Interval

In T' — 7 time intervals:

e Cooperative Interval dispersion matrices: {Ay, Bi}/—1 with
constraint

_
> tr(Af A;+ B{'By) < 2M(T —7)
t=1

e Normalize received signal from Broadcast interval:

—
TRy — 3
\/|hSRm|2PSRmT + 7

m=1,....M—1

'y%mE{rgerm} =T
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Cooperative Interval (cont'd)

e [ransmitted signal:

_
> R{ki}aq ¢+ iS{ki}b1
t=1

LS

T
t=1
m=1,... M—1

e Received Signal:

M—1
TD,.C = hsD,\/PSD2%s+ Y. AR,.DuPRmDZER, + VD,

m=1
vp, ~Nc(0,1)
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Cooperative Interval (cont'd)

Define:
Yo = ®{rp, 5} S{rb, Bt - R{rb.p} S{rb,.5}
T
R{rL S{rh o R{rL S{rh ]
{rp,ct S{rp,c} {royct S{rpy.clt N1
We have:
1
Yy>» = HoGx + H3y, +u, u NJ\/'(O,EI)

or,

Yo = (Ho+ H3zH;)Gz+ (H3n + u)
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Cooperative Interval (cont’'d)

_ | ®Mam} —S{amy} _ | =S{bmtt —R{bmt}
Amyt = [%{am,t} R{am,} ] - Bmi = [ R{bm,t} —S{bm,t} ]

R{h R{h
hsp, = \/PSD .2 [ %}hggn{ ] , hg,.D, = YRnwVPRD %}hgmgn% ]
T
P=pspi| P1 P2 -+ Py | ONTX27

P, — §R{hSDn}ITXT g{hSDn}ITXT
" _%{hSDn}ITXT 8%{hSDn}ITXT DT
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Cooperative Interval (cont'd)
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Optimization of Two-Layer Cooperative LD Code

Define:

={{cdgq=1,...,Q}, {A,Bnt=1,...,7}, of
Define the average empirical BLER as:

T(0) = EmEhlEthyl,ij,hl,hQ{’y (y27 x,hy,ho, 0)}
Solve the optimization problem:
minY (6
0cE (0)
with the constraint set given by

e, {Ztr(c cq—l—deq><27
q—
iti’(AHAt—FB BOSQM(T—T)}
t=1
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Simulation-Based LD Code Optimization Algorithm

1. Generate symbol and signal samples:

1) Draw L symbol vectors (1), x(2), ..., (L), uniformly
from the constellation set

2)  Simulate L observations y1(1), y1(2), ..., y1(L)
y1(0) =H{(\))GW)x() +n(), £=1,2,...,L

3) Simulate L observations y»>(1), y>(2), ..., y>(L)
yo>(£) = Ha(O)G(O)x(L) + H3(D)y,1(€) +uf), £=1,2,..,L

4) Decode x(¢) and compute the empirical BLER
1(2(0), 20, h1(0), ha(0), 64
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2. Score function method for gradient estimation: Generate the
estimate

L

300 = 7 3 1(v2(0,2(0), h1(0), ha(0),0;)
(=1

<{ Vo[ 1090 (y1(0) | 2(0), h1(0), 6)

+109p (52(0) | 91.(0), 2(0), ha(0), 0) | lp=o, |

3. Update parameters: The parameters are updated as

Or+1=Ng [0 — arg(6y)]

where I‘I@(-) is @ projection operator onto the set ®



Block error rate
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Cooperative LD code vs Alamouti code for system with 1 source, 1 relay,
and 2 destination receive antenna.
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Block error rate
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Optimized cooperative LD code vs randomly chosen cooperative LD code
for system with 1 source, 3 relay2, and 2 destination receive antenna.
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Cooperative LD code optimized for different terminal distances.
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Ratio of energy allocation in broadcast interval for different Ds,/D,4 ratios.
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