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Abstract—We consider a wireless network with one
source/destination pair and several linear amplify-and-forward
relays. To achieve cooperative diversity we proposed time-variant
and relay-specific phase rotations induced at each relay to make
the effective channel time-variant. In the present work we show
that the allocation of the amplification gains at the relays has
great influence on the diversity performance and give optimal
methods and low complexity extension to existing gain allocations.  Fig. 1. 2-hop cooperative relaying network with single antenna nodes
Furthermore, we give criteria whether a node in the network
should act as relay or not. SNR at D,

SNR without time-variant phases

|. EXTENDED ABSTRACT

The use of diversity in the spatial and time dimension to t
mitigate the effects of fading and therefore to increase the Fig. 2. Resulting time-variant SNR at the destinations
reliability of radio links in wireless networks is a well known ) ) . ) i )
technique for systems with co-located antennas (space-tifire COOPerative Diversity by Time-Variant Relay Processing
coding). Recently a new form of realizing spatial diversity Our starting point is the simple cooperative diversity scheme
has been introduced in [1] and [2] calledoperative diver- which we proposed in [3]. It requires only very limited
sity or user cooperation diversityThe main idea is to use uplink CSI (e.g. magnitude of channel coefficient) and no
multiple single antenna nodes as a virtual macro antengi@wnlink CSI. For clarity of exposition we briefly summarize
array, realizing spatial diversity in a distributed fashion. Ithe approach: the linear processing at the relays is time-variant,
such a network several, maybe idle, nodes serve as relaysvithich results in a time-variant equivalent source/destination
an active source/destination pair. Relays can be classifiedchannel coefficient (i.e. a time-variant SNR at the destination).
eitherdecode-and-forwardDF) or amplify-and-forward(AF) With this scheme the spatial diversity offered by theelays
relays. AF relays, which are considered in this work, onlig transformed into temporal diversity. In a simple embodiment
retransmit an amplified version of their received signals. Thiglay ! uses a time-invariant gaiw, and a relay-specific time-
leads to low-complexity relay transceivers and to lower poweariant phase oﬁsqil(k) (phase signature sequence). Thus, the
consumption since there is no signal processing for decodiagplification gain of relay at time instance is for example
procedures. given as

Future generation WLANs will accommodate heteroge- (k) _ (k) )
neous nodes with data rate requirements ranging from 1MBps 9 R
to 1Gbps. For complexity reasons low end user nodes will haveFig. 2 shows a typical time-variant destination SNR for
a single antenna. High end user nodes will feature multiplee link S;/D;. The phase signature sequence consists of
antennas to improve throughput and coverage. The extendég = 10 segments. The exploitation of this time-variance
use and range of deployment will lead to a high node densiffemporal diversity) to achieve a cooperative diversity gain
This makes cooperative signalling schemes as presented in [@fjuires an appropriate coding scheme of the source signal.
[2] to an attractive option for such systems. Some well suited candidates are presented in [4] and [5].

Fig. 1 depicts the considered cooperative relay network!n [3] we focused on the time-variant processing at the re-
with one active source/destination pair afidamplify-and- lays and introduced two orthogonal phase signature sequences.
forward relays assisting the communication link. In such Bhe first is derived from the columns of a FFT matrix. This
link the transmission of one data packet from the sourcel&ds to

to the destination D occupies two time slots which together k) _ _2m (k—1)(—1) @
establish one transmission cycle. In the first time slot the by = oxp jNB

source t_ransmlts the data packet t(_) the rela_y_s. Dunn_g tﬂﬁother simple choice is based on an identity matrix, which
second time slot the relays retransmit an amplified version Igtaﬁds to elements expressed by

the received signals to the destination. We denote the channe .
between the source and the relaysuatink, and the channel NON { Lif (k=1+1) mod L =1 3)
between the relays and the destinatiordas/nlink : 0 otherwise

In our scenario user mobility is low and the channeAn example for (3) withL = 2 and Ng = 4: The sequences
coefficients are constant over the latency time scale of intereste[1, 0, 1,0] and |0, 1,0, 1] for relay! = 1 andl = 2, respec-
We assume that the channel is time-invariant over at least dively. It can be seen that in this case the relays are switched
transmission cyclé€block fading). for each symbol which leads to a time-variant channel.
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Due to the relative position of the relays to source and
destination and its associated path loss the choicey,of .
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has a crucial impact on the system performance and on the A
achieved diversity order. In the case that one relay is far away NS

107E : N ; . 4

from the source or in a deep fade and simultaneously near = " s
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to the destination, the relay mainly amplifies noise, which
dominates the resulting SNR at the destination. Therefore a
gain allocation scheme which takes this effect into account is

necessary.
The capabilities of gain allocation schemes depend

the channel state information (CSI) available at the relay. w4

Considering only CSI of the source-relay link ; at the relays
one popular choice (e.g. in [1]) af; is given by

| PR
= 4
a; P|hu,l|2 +JI2{ ( )

where P, P ando3 is the transmit power of the source and
the relay and the variance of the relays noise, respectively.

We impose a total power constraiit on all relays, i.e.

Pr = P/L. The allocation scheme (4) is very sensitive to
deep fades, because in this case this scheme would result in a

large amplification gain.

To prevent these large gains we propose an extension to (4) by
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Fig. 4. Outage probability that the rate is less than 1 bit/s/HzIfor 4
relays and block-lengttiNg = 4; with thresholdamax (dashed lines); no
threshold (solid lines)direct = no relays, source sends in every time slot
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Fig. 5. System model of amplify-and-forward relay

setting an maximal amplification threshold. With this threshold

gains are restricted to a specified interwpk [0, amax]. The
choice ofa,,,, depends on the number of relays and on t
network topology and needs to be optimized (see Fig. 3).
Probability that rate R< 1 [bits/s/Hz] for L = NB =4 and SNR=15dB
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Only if there is aglobal phase referencée. all LOs are phase

h&%/nchronizedgbwl is equal to zero.

We consider different amount of CSI at the relays. If
perfect up- and downlink CSI and a global phase reference
are available at the relays the optimal gain coefficiepts
result in a coherent combining of the signal contributions at
the destination. A substantial signaling overhead is required to
phase-lock all LOs of all nodes (i.e. establish a global phase
reference). We consider this overhead prohibitive, i.p. if the
number of relays is large. Thus, we present further to the
amplification-threshold extension suboptimal gain allocations
which require only partial CSI at the relays and are easy

Fig. 3. Outage probability that the rate is less than 1 bit/s/Hz vs. threshdld implement in a real system. We study their performance

amax for L = 4 relays and block-lengtivg = 4; with thresholdamax (solid
lines); no threshold (dashed lines);

analytically and by means of simulations.
The relative position of the relays to the source and desti-

In Fig. 4 the impact of the gain allocation on the diversitypation has an important influence on the resulting SNR at the

performance of the in [3] proposed scheme is shown.

destination. This raises the question which nodes in a network

First we concentrate on the solid curves, which correspostiould act as relays. We will give an answer to this question

to the gain allocation (4) without any additional threshold.

in terms of SNR at the relays. Furthermore, we will show that

can be seen that only the switching method (3) achieves tihe in [4] and [5] presented codes of diversity orderare
full diversity order of L+1 = 5. The FFT phase signatures (2yobust even if less thah nodes act as relays.
achieve only a lower diversity order of two. With the additional

threshold (dashed curves) the performance of the FFT phase
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