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Introduction

. Currently much interest in cooperative communication
Limited number of antennas available on mobile devic

. Aim to achieve a cooperative diversity gain in wireless
relay networks, by forming a virtual antenna array

. Similar to a spatial diversity gain in conventional MIMC
systems

. Adapt spacdime trellis codes (STTCs) to a distributed
spacetime coding scheme

. STTCs are an effective method of maximizing diversity
gain and providing a coding gain



Forwarding.at'‘Relays

. Amplify and Forward (AAR) the relay amplifies the
received signal and forwards it to the destination

. Disadvantage is that it amplifies noise from the source
relay link

. Decode and Forward (DAR) the relay decodes the
signal transmitted by the source, theneacodes it and
transmits it to the destination

. Disadvantage Is that it requires the relay to decode
correctly or errors will propagate

. DAF with ARQ reduces throughput



Forwarding.at'‘Relays

. Soft Information Relaying (SI&}he decoder at the
relay calculates and forwards soft estimates of the
received signal to the destination

. Relays calculate the a posteriori probabilities (APPS) ¢
the received symbols and use these to form soft
estimates of symbols

- In contrast to DAF, SIR allows us to consider relaying
systems when imperfect decoding occurs at the relay



System-Model

. Two hop relay system with a source, a destination and
two relay nodes

No direct sourced destination link
First time slot: source relay transmission
. Second time slot: relay destination transmission

Relay 1

Source Destination

Relay 2



System-Model

. Single antenna at source, relays and destination
Use antennas at relays to form multiple antenna array
- Quaststatic Rayleigh fading channel model

. Assume fading coefficients between the source and e:
relay, and each relay and the destination, are
iIndependent and the channels are orthogonal

. Consider imperfect decoding at the relay
Use convolutional code in the sourgelay link

Intend to transmit spacéime trellis code from relays to
destination



SIRRelay Decoder

. The relays calculate the APP of the symbol using a M/
algorithm. The APP is given by
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Soft Information“Relaying

. Using the APP the soft estimate of the symbols can be
calculated as

£ = %O Pl = wy, )&,

where s, Is the modulated symbol corresponding to
symboin, n,1,2,3

. This method can be used when the channels are
orthogonal, due to the characteristics of the paiise
error probability expression, discussed later



Soft Information“Relaying

. Soft estimate of symbol transmitted from reliegt time
k can be written as
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Soft Information“Relaying

- The signal transmitted from relay

Xir,k = big
. Where b, is a scaling factor

[*] . ~ .2
Eé*(:,k 2§: %[(1' /Thl,i,R)Z +s§,i,R + (1' I )2 +Sﬁ2,i,l ]
- bfql- mil +s§,i)¢ 2P,
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Soft Information“Relaying

. Where
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IS the equivalent noise at the destination with zero
mean and variance given by
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Maximal-Ratio_ Combining

. Maximal ratio combining (MRC) is used at the
destination

. Signals are combined as
=W 1 + W 2
Yak = Wi¥Yax T Wo Yy i
. The combination coefficient is given by
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Performance Analysis

. Conditional panwise error probability (PEP) is given by
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. The relationship between the SNR at the input and
output of the relay receiver is given by
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Performance Analysis

. The equivalent noise variance can be written as
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Performance Analysis

. From our simulations, there is a high probability that
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Performance Analysis
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Performance Analysis

Using H,,=(¥1+Y1)"
H.,= (Y?,_1 "'Y4_1)_1
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Performance Analysis

- At high SNRs, PEP for Soft Information Relaying:
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. Similarly for Amplify and Forward:
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. Since the Euclidean distance for each relay is
Independent, we choose an optimal nspace time
code for transmission



- thogonal Channels

. The PEP for the noworthogonal case is

- If g, 1s very large, PEP approximates to the conventiot
STTC expression



