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Wireless Strategies | Wireless Strategies ||

Cooperative strategies
o Decode-and-Forwards (DF)
o Estimate-and Fowards (EF) (Compress-and-Forward (CF))

Half duplex relays

@ a half duplex relay cannot transmit and receive simultaneously in the

e . same frequency band
Recap of the relay channel (with simplified notation)

o full duplex operation is impractical
@ Source (S) sends data to

. o o requires accurate interference cancellation between transmitted and

o destination (D), and is aided by the . .
received signal

o relay (R) which has no data of its own to transmit. o power difference of this two signals is several orders of magnitude

(~ 100 dB)

Relay (R)

o Half-duplex operation

o separating transmitted and received signal in time or frequency

o using orthogonal signals (e.g. orhtogonal spreading codes,

multicarrier system)

Destination (D) w w
Figure source: [1, Fig. 1] . .
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Relay Channel Model | Relay Channel Model Il

Time-division hald-duplex communication takes place over two time slots )
. . , Gaussian relay channel model:
of normalized duration t and t' = (1 — t).

First slot
o First slo Vi = hsgX1+ Ngr,, Y1 = hspX1+ Np,
o S transmits information that is received by both R and D

o Broadcast (BC) mode
Y2 = hspXa + hrpWa + Np,
@ Second slot

o Both S and R transmit to D Variable naming convention:
o Multiple-access (MAC) mode @ X...signal transmitted by the source . Multple-Access Mode
@ V... signal received by the relay R R
W,
Broadcast Mode Multiple-Access Mode @ W... signal transmitte by the relay Y 2
R R . . . . Xy Y X Ys
v, W\ @ Y ... signal received by the destination S »D S D
1 H
. t——————p———— (1) ——
S/ YLD S X5 Y, D @ subscript -1 ... BC mode Broadcast Time Fraction Multiple-Access Time Fraction
g @ subscipt -2 ... MAC mode
et ————f———(1-)—— pt -2
Broadcast Time Fraction Multiple-Access Time Fraction @ SR channel ... source-relay channel
Figure source: [1, Fig. 2] w w
. .
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Relay Channel Model IlI Relay Channel Model IV

o Npg, ... noise realization at the relay receiver in BC mode

o hsr... SR channel realization @ Transmission power constraint
° = |hsr|?. .. SR channel gain
sk = [hsr|". .. SR channel ga P tPs +t'(Ps, + Pg,) < P
@ All noise variables are zero mean and unit variance Gaussian
~ N(0,1) where
. . . 2 . .
o Are variables are considered to be real valued (extension to the o Ps, = E[X{]... source transmission power in BC mode
complex valued case is straight forward) o P... total system transmission power

. . . o SNR = P ... because noice variance is normalized to unity.
@ Instantaneous channel state information (CSI) is assumed to be

perfectly known at transmitter, relay, and receiver! o Fair comparison of relaying with direct transmission: Sum of source
and relay transmission power for the relay link must be equal to the

@ — design applicable for slow fading channels - channel remains

constant for the whole codeword source transmission power in the direct link.

@ Perfect synchronization is assumed.

e, e
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Degraded Relay Channel Relay Channel Geometry
Relay channel (full-duplex): (X x W, p(Y, V|X, W),Y x V)
o X, V,V, W denote the alphabet of X, Y,V , W

Relay position denoted by d
o Relay channel is called physically degraded [2, Sec. 15.7], if

S » R » D
p(Y, VIX, W) = p(VIX, W)p(Y|V, W) , , ,
. - ' d ' (1-d) '
This means the output of the relay channel at the destination D does not Figure source: [1, Fig. 3]
depend on the source signal X. That is why it is called physically
degraded. There is simply no connection between source and destination. o Distance SD normalized to unity.
- @ vsp =1... SD channel gain
® ysg =1/d*... SR channel gain

vrp = 1/(1 — d)*... RD channel gain

@ «... channel attenuation exponent

few. few.

Source (S) Destination (D)

Decode-and-Forward (DF) Relay Coding | Decode-and-Forward (DF) Relay Coding Il

Rate of the DF protocol in bits/channel use:
Basic idea

@ The source transmission if first decoded by the relay.

o The relay helps then the destination by transmitting additional Rpr = onax max  min{t/(Xi; Vi) + t'1(Xz; Ya|W5)
<t<1 p(x1),p(x2,w2)

information about the codeword. ,
JH(Xy; Y1) + (X, Wa; Y2)) (1)
o Different code families can be utilized for relaying

o convoluational codes where the channel probabilities are of the form

o turbo codes

o low density parity check (LDPC) codes [3] Pl vi 1) = pOa)p(vis vila)

o A variant of DF is coded cooperation that allows to realize diversity and
benefits — we will discuss this variant in detail in some later lecture. p(x2, wa, y2) = p(xa, wa)p(y2|xa, wa) .

e, B
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Decode-and-Forward (DF) Relay Coding Ill Information Theoretic DF Coding

For the Gaussian relay channel the expression simplifies to

: 2
Rpr, = max max, min {tC(Psg) +t'C ((1—r*)Psp,) ,

tC (Psp,) + t'C (PSDZ + Prp + 2r\/Psp, PRD)}

where o In total N (code) symbols are transmitted

Aim: achive the rate given in (1), see slide 12.

o First divide information at source into two independent parts (w, v).

@ r... correlation between source and relay signals in MAC mode o tN € Z symbols in BC mode
o C(x) = %log(1+x)... capacity of a Gaussian link o (1—t)Nin MAC mode
@ Received powers

o Psg = Ps,7sr ... relay from source in BC mode

o Psp, = Ps,ysp ... destination from source in BC mode

o Prp = Pry,YrD . .. destination from relay in MAC mode

o Psp, = Ps,¥sp ... destintion from source in MAC mode M w

Encoding and decoding in BC mode Encoding and decoding in MAC mode |

The source endcodes w to produce a tN symbol length codeword

Csr, € Csr, with rate Reg, = I(X1; V1) o Destination has tN/(Xi; Y1) bits of information in the undecodeable
o The codeword csg, with added noise is received by R and D noisy codeword csg, from BC mode.
o Relay can decode csg, reliably since Rsg, is an achievable rate for o Additionally tN (/(X1; Vi) — I(X1; Y1)) bits are needed to reliably
the SR link. decode csp, .
@ Destination cannot decode because the capacity of the SD link is o Extra bits are send jointly by S and R using the codeword
less than the SR link. Received signal is stored for decoding after the crp, € Crp, of rate
MAC mode.

t
Rrp, = — (I(X1; Vi) — I(X1; V1))
DF relaying outperforms direct communications only if the SR link is t

better than the SD link.

e, B
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Encoding and decoding in MAC mode Il

o Second part of information v is also sent in MAC mode using a
codeword csp, € Csp, utilizing the remaining capacity of the MAC
channel.

o New information sent by S only, rate is given by rate region of MAC
(SR to D)
. t
Rsp, = min {/(X2, Wa; Ya) — o (I(X1; Vi) — I(X1; V1)),
I(X2; Ya|Wa)}

o The average rate in BC and MAC mode: tRsg, + t'Rsp,
bits/channel use

o Destination first decodes codewords cgp, and csp, in MAC mode.

e,
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Decoding Regions for DF in BC mode

Cspi + Ngp : BC Mode Codeword
Corrupted with Noise over SD Link

CSQI"““/”;SD«» " Cepy = Copy : Transmitted
o X . Codeword in BC Mode

Csri = Csin

Cspri+NsR

’ Cspy + NgR - BC Mode

* Codeword Corrupted with
Noise over SR Link

r

ry ( 1) : Maximum Noise from Which a
Codeword in Cgsgy (Cspq) Can Be Recovered

Figure source: [1, Fig. 4]

few
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Encoding and decoding in MAC mode Il

@ Source rate Rsp, and relay rate Rgp, correspond to a point on the
multiple-access capacity region that can be achieved by successive
decoding (also known as onion peeling, stripping or superposition
coding) of a pair of single-user codes.

o After decoding cgrp, and csp, desination can decode csg, using the
additional information carried by crp, as side information.

@ Csg, is treated as a codeword csp, € Csp, of rate
Rsp, = I(X1; Y1) < Rsg, using the additional side information from
crp, (additional parity information).

e,
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Introduction to LDPC Codes |

Binary LDPC code:

o Linear block code with n x m sparse parity-check matrix
@ Matrix can be represented by a bipartite graph with

o n variable nodes corresponding to rows (bits in the codeword)
o m check nodes corresponding to columns (parity check equations)

o an edge between a variable and a check node represents a one in a
certain row and column

e
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Introduction to LDPC Codes I

1 1 1 0 0

1 1 0 1 0

1 1 0 0 1

1 0 1 0 1

|1 0 0o 1 1

H= 1 0 1 1 0
0o 1 1 0 1 > Code

o1 1 1 0

o 1 0 1 1

o o 1 1 1

Variable Nodes (d, = 3)

Check Nodes (d, = 6)

Figure source: [1, Fig. 5]
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LDPC Code Design for DF Relaying Il

f Nt |
Received Codeword for BC Mode
Noise
1

Variable Nodes for BC Mode

Check Nodes for BC Mode SR Code

C.
M -Am—— N\

[Extra Check Nodes for BC Mode SD Link

C,
&y F—Nt(Rsp, - Rsp;) —

Figure source: [1, Fig. 6]
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LDPC Code Design for DF Relaying |

Important for code construction:

@ Source and relay signal should have an optimal correlation r in MAC

Parity Check Matrix of a Rate

mode.

@ Any correlation of inputs can be achieved by weighed addition of
completely correlated signals (r = 1) and completely uncorrelated
signals (r = 0)

@ — code design for two extreme cases of r = 0,1 only.

Bipartite Graph of H

o LDPC code optimization using density evolution using Gaussian
approximation, see [3] for more details.

e,
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Numerical Results |

. — Rate Versus E,/N, (Binary PSK); d = 0.5

Nolse O 058 B . el AR
056 F:- - A A A
Variable Nodes for MAC Mode RD Link 054 lllllllllllllllllllllllllllllllll
1,?052 By A A A A :
losed if r= 0 o
- Openiif r=1 e 0.5 : . . : : . : .
Check Nodes for MAC Mode RD Link - . .
Cooo = 045 [beoe Fon /6% /#8000 o oo 0B o a0 fooooibaolooad
|—N(1_t)(1_RHD2)—| 0.46 cowmoflocglflcooooomoccocanmoncs .
.../ ../ |—=—Relay Rate (Optimum r)
N0 ——H 0.44 £/ /| —— Relay LDPC (r=0, d, = 25) :
([ Veriabl Noges for MAC woce 50 Link H— 042 ]| _o—RelayLDPC (r=1,d,=25)[ " : " " 1
0.4+t - 4 |——Directlink Capacity [ - - A
-35 -3 25 2 -15 -1 -05 0 05 1
Check Nodes for MAC Mode SD Link Ep/Ny (dB)

— Csp,

= Nt =01 = Rspp) —1 Figure source: [1, Fig. 7 (a)]
Limiting performance of LDPC coding scheme compared to binary

signaling in the direct link.

e,
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