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Abstract: To improve the reliable performance of information
transmission in cooperative relay networks, the scheme of the
max-rate spatial channel pairing ( SCP) based on maximum
ratio combining ( MRC) is proposed. The scheme includes
three steps: channel phase cancellation, MRC, and SCP.
Eventually, the solution of the scheme is modeled as convex
optimization. The objective function of the optimization
problem is to maximize the transmission rate and the
optimization variable is the strategy of pairing between the
uplink spatial sub-channels of each user and the corresponding
downlink spatial ones. The theorem of the arrangement
inequalities is adopted to obtain the approximate closed-form
solution of the optimal pairing for this convex optimization.
Simulation results demonstrate that compared to the existing
distributed space-time block coding and coherent combined
schemes without SCP, the proposed max-rate SCP plus MRC
algorithm achieves appreciable improvements in symbol error
rate in medium and high signal-to-noise ratio regimes. The
achievable performance gain is due to the use of max-
rate SCP.
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he schemes of distributed space-time block coding
(DSTBC) and coherent combining ( CC) are two
main ways to achieve cooperative diversity gain in relay

networks!”™. Several combined and DSTBC schemes
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have been developed for relay networks in Refs. [1 —5].
In Ref. [2], DSTBC for relay networks is designed to ex-
ploit cooperative diversity. In Ref. [3], the combination
of maximum ratio combining (MRC) and DSTBC at re-
lay station (RS) is proposed to make an improvement in
symbol error-rate (SER). In Ref. [5], three CC schemes
are proposed for two-way relay networks. The best CC
scheme among the three CC schemes in Ref. [5], called
CC scheme [, is chosen for performance reference in the
simulation section. In Refs. [8 — 14], subcarrier pairing
and resource allocation are investigated in relay networks.
In Ref. [15], the authors proposed a high-performance
beamformer for multi-pair two-way relay networks with
the amplify-and-forward relaying strategy. An optimal
spatial channel pairing ( SCP) based on the maximum
sum-rate is proposed for multi-pair two-way relay network
when block diagonalization based beamforming is adopted
at RS in Ref. [16]. Due to the use of optimal SCP, the
sum-rate of network is clearly improved. Following those
works, the main contributions of this paper are as fol-
lows: we present a general SCP-based CC model for one-
way relay networks and propose a joint scheme of max-
rate SCP and MRC to further improve the SER perform-
ance of such networks.

1 System Model

A typical relay network consists of one source node A,
one destination node B and one RS, as shown in Fig. 1.
The RS has M antennas, while nodes A and B have only
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Fig.1 A relay system model with spatial channel pairing and
channel phase cancellation (CPC)
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one antenna and the relay network operates in half-duplex
mode. The channel gains from node A to the m-th anten-
na of the RS and from the m-th antenna of RS to node B
are denoted as 4, and g,, respectively. In the half-duplex
mode, data transmission from source node to destination
node via RS spans two time slots.

In the first time slot, node A transmits data symbols to
RS and the average transmit power of node A is P,.
Then, the symbols received by the m-th antenna of RS is
given by

rm = hms + n’RS,m ( 1)

where £, denotes the narrow-band channel gain from node
A to the m-th antenna of RS; s represents the symbol
transmited by node A; and ng, is the corresponding
complex additive white Gaussian noise (AWGN) at the
m-th antenna of RS with zero mean and variance oi.
Using the amplify-and-forward relaying strategy, r, expe-
riences two-way channel phase cancellation, amplifying,
and permuting,
using the p(m) antenna of RS in the second time slot,
where {p(1),p(2), ...,p(M)} is an arbitrary permutation
of {1,2,..., M} and can be viewed as a spatial channel
paring or one-to-one mapping/function between uplink
and downlink spatial channels. The final transmit signal
from the antenna p(m) at RS is expressed as

and is transmitted towards node B by

'xp( m) = eXp( _jegm,)ﬁamexp( _jehm) rm =
exp( ~j0, )Ba, | h, |5+
exp( —jb, ) Ba,exp( = jo, ) ngs ,, (2)

where 6, and ¢, are the phases of complex channel gains
h, and g, , respectively; «,=0 forall meS,; and a,,
and B are designed to satisfy the following transmit power
constraint of RS:
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where P is the total transmit power constraint at RS and
|| | stands for the 2-norm or absolute value of a com-
plex or real number. Eq. (3) specifies the value of 8 as

g = Prs _ (4)
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Finally, the final received signal at node B is

M
y = (BZ am || gp(m)hm H )S +

m=1

M
BZ H 8pim) H a,exp( - jahm)nRS,m +n, (5)

m=1

Note that the two complex exponential terms exp( —j6, )
and exp( —j@, ) on the right-hand side of Eq. (2) are to
cancel channel phases of two time slots and guarantee that

all delayed fading versions of useful data symbols s are
constructively combined at node B as shown in Eq. (5).

2 Max-Rate Spatial Channel Pairing based
MRC Algorithm

In this section, the combination of the MRC and max-
rate based SCP, which is named max-rate SCP plus MRC
for short hereinafter, is proposed by using the maximum-
rate criterion with the known parameters 7, g and a.
Then an approximate closed-form solution of the scheme
is presented. To implement MRC""' | a is set to be

T
a:{a]’aZv'“aaM} =

{ ||gp(l)h] H ’ ”g,;(z)hz H PR ng(/mh/u H }T (6)

Substituting Eq. (6) into Eq. (5) yields

M
y = (BZ 8y 1 II? )s +
m=1
M

:8 2 H gjz)(m)hm H exp( - jah,,,)”RS,m + 1y, (7)
m=1
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Based on Eq. (7), the receive signal-to-noise ratio
(SNR) is given by

M
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which forms the following max-rate SCP.

m}flx%logz(l +SNR(p)) s.t. peS, (10)
where S, is a set of all permutations of {1,2,- , M}|.
Clearly, the optimization problem as shown in Eq. (10)
is a binary combination optimization and can be solved by
exhaustive search. Exhaustive search will require an ex-
ponential complexity O (M!). To develop a low-com-
plexity approximate solution to Eq. (10), the effect of
the permutation p on the denominator of Eq. (9) is omit-
ted, and the optimization problem as shown in Eq. (10)
can be simplified as

M

2
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s.t. pes, (11)

where

M
€ = { PP 3 g | (Puscris 1 | +

-1
P I+ ros) | (12)

is approximately viewed as a constant independent of {1,
2,--+,M/} , then the optimization problem of Eq. (11) is
transformed to

M
max( 3 Ml g, I° 5, I’) st pes, (13)

In terms of the rearrangement inequality'"’

n n n
z akbk = z akbp(k) = z akbu—k+l
k=1 k=1 k=1
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permutation of set 0<b, <---<b,, thus

(14)

where p is any

M M
2 &7 sty I 115, 1 = 2 g I A 1 (15)

where {w(1),w(2),-,w(M)| and {f(1),f(2),",
f(M) | are the permutations of {1,2,---, M}, with g,
=8, = =8 a0d hy = hyy = =hy,, , respec-
tively, and f~'( + ) is the inverse function or mapping of
the permutation f( - ). The composition function f~' (w)
is the closed-form solution to the optimization problem
Eq. (13) and called the approximate closed-form solution
to the optimization problem Eq. (10) given the known
parameters &, g and «.

3 Numerical Results and Discussion

The proposed max-rate SCP plus MRC algorithm and
DSTBC and CC schemes are evaluated and compared in
the following numerical simulation.

In the simulation scenario, RS employs four antennas
(M =4), while the source node and destination node
each has one antenna. Channels corresponding to differ-
ent nodes are assumed to be independently Rayleigh
block-fading. The average receive SNRs at RS and desti-
nation node B are defined as SNR,, = P,/ and SNR,
= P,/ (Mo3,) , respectively. In order to guarantee the
proposed combined and reference schemes have the same
spectrum efficiency, a full-rate quasi-orthogonal STBC
with 4 by 4 code word in Ref. [ 18] is used.

Fig. 2 (a) illustrates the curves of SER vs. average
SNR of RS for exhaustive search and approximate closed-
form solutions of the proposed max-rate SCP plus the
MRC algorithm. From Fig.2(a), it is clear that the ap-
proximate closed-form version achieves the same SER
performance as the exhaustive search one. Fig. 2 (b)
demonstrates the curves of rate vs. the average SNR of

RS for exhaustive search and approximate closed-form so-
lutions of the proposed max-rate SCP plus the MRC algo-
rithm. The rate evolution trend is identical to the SER
one as indicated in Fig. 2 (b). This further proves the
equivalence between the approximate closed-form of this
method and exhaustive search solutions.
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Fig.2 Curves of SER and rate vs. average SNR of RS under
the conditions of the modulation type of 16 QAM and the aver-
age SNR of RS equal to that of node B. (a) SER vs. average
SNR; (b) Rate vs. average SNR

Fig.3(a) illustrates the curves of SER as a function of
the average SNR of RS for the CC scheme [ in Ref.
[5], MRC-DSTBC in Ref. [3], and the proposed max-
rate SCP plus MRC algorithm. From Fig.3(a), it is evi-
dent that the proposed max-rate SCP plus MRC algorithm
performs much better than the CC scheme [ in Ref. [5]
and MRC plus DSTBC. For example, it achieves appre-
ciable (about 3 and 7 dB) SNR gains over the CC
scheme [ in Ref.[5] and MRC-DSTBC in Ref. [3] at
SER = 10", respectively. Fig. 3 (b) demonstrates the
curves of rate as a function of the average SNR of RS for
the proposed max-rate SCP plus MRC algorithm and the
CC scheme | in Ref. [5]. The rate of the proposed
max-mate SCP plus MRC is slightly greater than that of
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the CC scheme [ without SCP in Ref. [5]. In summa-
ry, due to the use of the max-rate SCP, both the SER
and sum-rate performances of the proposed max-rate SCP
plus MRC algorithm are improved compared to those of
the existing CC and DSTBC schemes without SCP.
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Fig.3 Performance comparisons among different schemes un-
der the conditions of the modulation type of 16 QAM and the
average SNR of RS equal to that of node B. (a) SER vs. average
SNR; (b) Rate vs. average SNR

4 Conclusion

In this paper, the max-rate SCP plus MRC algorithm is
proposed and investigated for relay networks. Based on
the analysis and simulation, the proposed max-rate SCP
plus MRC algorithm performs better than existing DSTBC
and CC schemes without SCP. Although the proposed
max-rate SCP plus MRC algorithm is specifically de-
signed for one-way relay networks, it can be applied to
two-way relay networks with the same structure as indica-
ted in Fig. 1 with minor revision due to the self-interfer-
ence cancelation ability of the two-way relay networks.
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