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@ Encoding: User j € {1,2} transmits symbols X;; = a;;(W;, Y/ ).
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@ Relaying: The relay employs function f; at time instant ¢ to

generate symbol X,;
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Encoding: User j € {1,2} transmits symbols X ;; = aji(Wj,infl).
Relaying: The relay employs function f; at time instant ¢ to
generate symbol X,; = f;(Y}).

Decoding: Wy = f35(Y3}, Wa) and W = By (Y73, Wh).

Achievable Rate: The rate pair (Ry, R2) is achievable if there is a
5-tuple ({oni P, {2} 1, {fi} =1, B1, B2) such that the average
message error probability P{™) = Pr{(Wy, Wy) # (W1, Wa)} — 0 as
n — oo and liminf, .o L log M;(n) > R;, je€{1,2}
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In This Talk

@ TWRC is a fairly well-studied channel model. However, the
complete characterization of the capacity remains open.

@ Here, we focus on compression-based schemes such as
compress-and-forward (CF) and noisy network coding (NNC), and
present three hybrid digital-analog (HDA) schemes.

@ We demonstrate that the proposed HDA schemes outperform purely
digital and purely analog schemes.



Scheme 1

@ Core idea: The relay generates a compression codebook using the
Wyner-Ziv principle for one user and then it combines the encoded
compression index with the noisy analog signal. In the scheme, one
user only recovers the digital signal and the other treats the digital
signal as a noise. Shannon strategy is used to combine the digital
and analog signal.
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@ The rate region Ry, = R1|J Rz is achievable where
Ri = {(Ry, Ro) : R < 1(X25Y2, V1 Xo, V), Ry < 1(Xa3 V1| X),

IV Y Xe, Vo) S TViValXe) ) (1)

Ry = {(R, o) : Ry < 1(X13Y2|Xa), Ry < 1(Xo3 V1, VX0, V),

IV VX, Vn) S HVivx) ) (@)

for some p(ml)p(mg)p(v)p(g7.|y,,., Tp), Ty = f(yw U)-



Scheme 2

@ Core idea: This scheme utilizes CF scheme based on Wyner-Ziv
[Rankov and Wittneben'06]. Both users recover the digital
compression index. Shannon strategy is used to combine the digital
and analog signal.



Scheme 2

@ Core idea: This scheme utilizes CF scheme based on Wyner-Ziv
[Rankov and Wittneben'06]. Both users recover the digital
compression index. Shannon strategy is used to combine the digital

and analog signal.
@ The rate region

Rer = {(RI;R2) Ry < I(X1;Ya, Y, Xo, V),
Ry < I(X2; Y1, Y, |X1, V),
maix (1(Y,3 V1 X1, V. V1), 1Y, V2 X2, V. Y2) )

< min (I(V;Yi[ X)), I(V;YalX2)) | (3)

is achievable for some p(z1)p(z2)p(V)p(Gr|yr, v) and xx= f(v,y,).
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@ Core idea: This scheme combines the purely-digital noisy network
coding scheme as proposed by [Lim et al."11] and Shannon strategy.



Scheme 3

@ Core idea: This scheme combines the purely-digital noisy network
coding scheme as proposed by [Lim et al."11] and Shannon strategy.

@ The rate region

Rane = { (R1, Ra) : By < I(X0: V2, V2 |Xa, V),
Ry < I(X1,V;Ya|Xa) — I(Ye; Vo | X1, Xa, V, Y2),
Ry < I(X2; Y1, Y| X1, V)
Ry < I(X5, Vi Yi|Xy) — I(Yr;?ﬁXl,Xz,V,Yl)}v

(4)

is achievable for some p(x1)p(z2)p(v)p(Jr|yr, v) and z, = f(v,y.).
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The Gaussian Two-Way Relay Channel

Zyi ~ N(0,N,)

The users transmit symbols X1; and X5; and the relay receives

Y, = X1; + Xo; + Z,; where Z,.; ~ N(0, N,.) is the additive
Gaussian noise at the relay.

The user j € {1,2} then receives Y;; = X,; + Z;; where X, is the
transmitted symbol from the relay and Z;; ~ N(0, N;) denotes the
additive noise at the jth user.

We assume that all noise sequences are white and mutually
independent from each other.

We additionally assume that the users and the relay operate under
average power constraints, i.e. > . E[X2] < nP,,
Y E[X3] <nPjforje{1,2}.



Hybrid Relaying

@ The main idea here is to linearly and component-wise combine the
encoded digital compression index V' and the noisy received signal
Y,.. The power allocation is used to optimize the scheme.



Hybrid Relaying

The main idea here is to linearly and component-wise combine the
encoded digital compression index V' and the noisy received signal
Y,.. The power allocation is used to optimize the scheme.

Let X1 ~N(0,Py), Xo ~N(0,P2) and V ~ N(0,vP,). Then let
Y, =Y, + Z, where Z, ~ N'(0, N,) is independent of other random
variables and

X7' = er + X7'a = ﬁv + V K’WY;

where «y is a power splitting parameter and k = P.(P; + P> + N,.)~*
is a power normalization factor.
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Hybrid Relaying: Scheme 1

The rate region Ry, = R1|JR2 is achievable where

VP,

R = R7R Ry <C ’
1 veL[gl]{( L)t By < (vPrwﬁNle)

R, <C P1N2+’_)/I1P1Nq
' =Y\ NNy + 36N, N, + NoN, )’
Py + N, )N
N, - A% } ®)
’_}/Iipl
Ry = Ri,Ry): R <C L ,
R, <C P2N1 +"_)/I1P2Nq
* ="\ N,N, + 9NN, + N\N, )’
P, + N, )N;
Ny = %} (6)

7 :=1—~and C(x) := 0.51logy(1 + z).



Hybrid Relaying: Scheme 2

The rate region Ry, is achievable where

P1N2+7)/,"€P1Nq )

— : <
R, EL[JH{(RMRQ Ry _C(N7_N2+%N7_Nq+N2Nq
vy s

RQSC( P2N1+’WQP2NQ ),

N, N7 + ’_)/HNTNQ + Nqu
( (P1 + N;)N (P> + N,)Ny )
N2 —+ ’_}/K(Pl —+ NT) ’ N1 —+ ’_}/K(PQ —+ NT)

q = "}/PT max

x max (N1 + k(Ps + N,), Na + ¥6(P1 + N;)) } (7)



Hybrid Relaying: Scheme 3

The rate region Ry, is achievable where

P, + k7 Py N, N,
— l I : < - @ ) — - -
R {(Rl’RQ) fa=¢ <mN,. + NQ) ¢ (NQ(WN,. +Na2) )’

~v€[0,1]
~P, +I<J’}/P2) —C( NNy )

(n’yN + N, Ny(y&Ny + Ny1)
L<cC PiN> + 46PN,
=Y\ N, Ny + %N, N, + N2N,
e

PN PN,
21 + YKl N> 0.
N,Ni + 35N, Ny + NN,

(8)



Performance Comparison

@ We assume that User 1, User 2 and the relay are located on a
straight line, where the distance of User 1 to the relay is d € [0, 1]
and the distance of the relay to User 2 is 1 — d.

@ In order to take into account the geometry of the network, we let
the channel parameters be P, = Pd™3, P, = P(1 —d)™3, Ny = d3,
Ny = (1—d)® and N, = 1.



Numerical Examples (1)
P =5 and P- =10 dB.

Sum-Rate [bpcu]
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Numerical Examples (2)
P =10 and P =5 dB.
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Numerical Examples (3)
P =5 and P. = —20 dB.
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@ For the geometric Gaussian network, the capacity region when
d — 0 is given by

R = {(Rl,Rg):Rl gc(%) Ry gc(%)} (9)

where the capacity is achieved by Scheme 1.



Questions

Thank You!



