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Abstract— We consider relaying strategies for memoryless SNRs on the source-relay channel. In the following we remove
two-way relay channels, where the signal transmitted by a this limitation and consider the general case of differddRS
relay depends only on its previously received signal. For bary ¢4, ihe terminal-relay channels. We analyze and optimize th

antipodal signaling under the general case of different SNR . .
on the terminal-relay channels, we consider two classes otlay symbol error probability of abs and non-abs relay straggie

strategies: abs-based strategies in which the processing the Ot considering the effect of any end-to-end channel coding
relay is solely based on the absolute value of the receivedthat may be applied. These include existing non-abs amplify
signal, and non-abs-based strategies. We analyze and optre and forward (AF) and decode and forward (DF) schemes for
the performance of existing and new schemes for two-way reja TWRCs, and their abs-based analogs, abs AF (AAF) and abs

channels under an average power constraint, including abbased .
and non-abs-based versions of amplify and forward (AF), deade DF (ADF). Furthermore, we extend the estimate and forward

and forward (DF), and estimate and forward (EF). Additionally, ~(EF) strategy in [11] for the one-way relay channel to TWRCs.
we optimize the relay function via functional analysis suchthat Besides characterizing the performance of different sgsem

the average probability of error is minimized in the high signal-  we also optimize the relay function via functional analysis
to-noise ratio (SNR) regime. Finally, we show that all theseesults \yhere the solution minimizes the average probability oberr
can also be generalized to higher order constellations. . . . . .
over all possible relay functions in the high-SNR regime. We
|. INTRODUCTION show that the non-abs DF performs better than ADF if the

L . . two-way channel is very asymmetric or the relay has a greater
Recently, the two-way communication problem in whichyer than the two terminals, while ADF performs better

both parties simultaneously transmit information to eatttep 4 DF in less asymmetric channels or when the relay has
has gained a lot of attention in the literature. The two-wgy,,ghly the same power as the terminals. These resultssoe al
channel was first considered by Shannon [1], who derivedarajized to higher order constellations such as quaerat
inner and outer bounds on the capacity region. Later, the Wy, yjitde modulation (QAM) and pulse amplitude modulation
way relay channel (TWRC) has drawn renewed interest fro

both academic and industrial communities [2]-[6] due to its Notz;ltions: In the follpwing N, o2) denotes the Gaussian

potential application in cellular and peer-to-peer newsoAF . .. . 1 2
istribution ——— exp — and Q(-) represents the Q-
and DF protocols for one-way relay channels are eXtended%%ction Vano? P T307 Q() rep Q

the half-duplex Gaussian TWRC in [2] and the general fulf—
duplex discrete TWRC in [3]. In [4], network coding [7], [8] Il. SYSTEM MODEL
is used to increase the sum-rate of two users. With netwo_rkAn example for a two-way communication over a relay

coding, each node in a network is allowed to perform algebrai,, anne| with two terminals and a relay is displayed in Fig. 1,
operations on received packets instead of only forwardng Rnere thex; are the transmitted symbols from some given
replicating received packets. Works [2]-[4] focus on caiyac constellation at terminal, i = 1,2, ; the received symbols
bounds and their strategies are similar to those for one-wWa¥ine terminals, antl is the transmitted symbol at the relay.
relay channels [91 i _ The communication from terminal 1 to terminal 2 takes place
In this paper, we consider TWRCs with memoryless relgy yyo transmission phases. In the multiple-access (MAC)
operation and average node power constraints. We first cifiase, both terminals simultaneously send a block of data
sider binary antipodal signaling by the terminals. A clags Qymbols to the relay which generatd& = f(hi X1 +
so called abg—based relaying schemes, where the procesging:, + N) with the decoding functiorf(-). Here,h, andhs
at the relay is based on thabsolute value of the received onresent deterministic attenuation factors for the teario-
signal, is proposed in [10] for the special case of identical|ay and relay-to-terminal channels, which could for eglem

represent a single realization of a fading process. Through
This work has been supported in part by DARPA grant N6600G06 P 9 gp R

2020, Caltech's Lee Center for Advanced Networking, thew@k&oundation this paper,_we assume thiaf = h W!t_hom IO_SS of gen_erallty._
Research Grant and a gift from Microsoft Research. The quantity N represents the additive white Gaussian noise



Yo = f( Xi+ hy X + N) 1) Amplify and Forward: With AF, the relay retransmits its
X, X received signal, scaled to meet its power constraint.

Terminal Rela 2 Terminal 4
Y 2) Decode and Forward: In DF the relay performs hard
decisions and maps each decision region to a fixed value that
Yi=h Ya+ 72 Yy = hy Yo+ Zs it transmits, i.e.,
Terminal Relay Terminal 2 Fu) L (Z’ if i u>2 i’o @)
== w u =
R e P ’

=f(—u), otherwise
Fig. 1. Two-way relay channel. . .
wherew is a threshold to be determined. The average proba-

bility of error at terminal 1 can be written as

(AWGN) at the relay with mean zero and variangg In the p) =
broadcast phase, the relay transniifs to both terminals 1 € .} HEN| 1
. U 1 1 1 ] ]
and 2, whereZ; is the AWGN at terminal with mean zero 5 + 5 A(u)du N y—hib,o2 dy
and variancerg, . The discrete-time model for the TWRC can 0 > 111 O
therefore be written as m C(va,b) -
. o
Yi=hif(mXi+h Xo+ N)+Zi, i=12 (1) +% A(u)du "N %l—hla,crﬁcdly
For the sake of brevity we also define the received signal at W = T 1
the relay asU = h; X; + hy X5 + N. Since each terminal - [TIy D(v1.a) . ®3)
knows what it has sent to the relay in the MAC phase, it can +1 Buwydu 1 N IZI+ b b o2 IZdI
recover the information from the other terminal based on the 2 9 00 v mmos 4
receivedY; and its owna priori symbolsXj. In addition, we L = I_T L]
impose an average power constraint ®p 1 ] EEN) S ) 1
B{Xi} =P, i=1,2, +§ B(u)du N y+hia,02 dy .
W > I |
as well as on the output of the relay: F(v1,3)
E{f(X1+ Xo+ N)|*} < P.. where
(O + X+ NP} < B S
We assume for notational simplicity that the noise variamice A(w) =N« — (h1+hg) Ps, o2 —
the two terminals is the same, i.e2, = o2, = 02; extensions L] — O

to the more general case are straightforward. We also assume

N u—(hi—hs) Ps,0? |,
that the terminals know; andh,, which may be obtained by ]

L1 1
B(u) =N u+ (hy+hy) Ps,02 —

using channel estimation at the relay or the feedback ctianne [ — [
from the two terminals, see e.g., [12]. We focus on symbol N w+ (hi—hs) Ps,o02
error probability as a performance metric: each terminal is 4)

assumed to perform a hypothesis test to decide which symbol

was transmitted by the other terminal; we do not consider thikewise, the average probability of error at terminal 2 t&n

effect of any end to end channel coding that may be applig@kpressed by swapping the indices "1” and "2” in both (3) and
(4). Taking the partial derivative aP{V + P2 with respect

1. RELAY STRATEGIES FORBPSKIN ASYMMETRIC to w and setting the resulting equation to zero, we obtain

TWRC
We begin by considering BPSK signaling at the terminals; A(w) (C(vi,b) — D(v1, a)) +
an extension to higher order constglfations is given ini6ect 8Pé2)
V. Each terminal transmits; = + Ps. We consider two B(w) (E(v1,b) — F(vy,a)) + =0. (5)

classes of relay strategies: absolute value strategiesenhe
relay transmits a function dt’/| [10], and non-absolute value
strategies, where the relay transmits an odd functio#y of

As the optimal solution ofv in (5) depends om, b, v, vs in a

complicated way, it is hard to solve (5) directly. A subopim

solution to () can be approximated to be the rootAgtv),

A. Non-abs Based Strategies i.e., w = hy Ps. In high SNR, it is easy to verify that the
Here, we assume threshold decoding at the tergpinals whéfgt term on the left hand sigde of (5) is close to zero with

the following simple decision rule is applied:df = ~ Py pas thisw. By substitutingw = 1, ~ Ps into (3), taking the partial

been sent in the M&C phase then terminalecides on\/?s derlva_tlve of (3) with respect to1, and setting the resultlng

if yi =v; and on— Ps otherwise. Likewjge, ifr; = — Ps equation to zero we obtain

has been sent, then terminallecides on Fs if yi = —vj hi(a + b) ha(a — b)

and on— P otherwise. NnE s T (6)



In high SNR we can obtain the optimalandb subject to the By minimizing (11) overg(u) we obtain (12) shown at the top
power constraint at the relay by substituting (6) into (3) anof next page. The relay functiof(u) can then be acquired as

minimizing (2). This leads to the equivalent problem a scaled version of(u). We find thatg(u) in (12) is close to
1. 1. the conventional DF (8) in high SNR.
min N (y) dy + N (y) dy, 4) Optimized Relay Function: The optimal relay function
ab  abp, ' atbp, minimizes the sum of average probabilities of both ternsinal

subject toa® + b2 = 2P,, (7) Subjectto the average power constraint. To solve the fonati
optimization problem, we first fix; and v, and derive the

which gives relay function as a function of; and vy via the Lagrange
a  hy+hy s dual. Then the relay function is substituted into the olpject
b = by — Ty’ a”+b"=2P. (8) function and the resulting equation is minimized ovgrand

_ _ v by performing a line search around andwvs in the optimal
Note that (8) agrees with the conventional DFpF strategy. Since we do not have a convex optimization

where the relay first find a point from the sejproplem, the obtained solution may be a local optimum.
{_hl — hg,—hy + hg,hy — hg, hq + hg} with the minimum

Euclidean distance from the received signal and then triassm 2
a scaled version of this point. ol sweeises oo
Whenh, = hs, (8) gives ' s
a = ZPr’ b= O (9) SNR=0dB

In this strategy, the received signal at the relay is mapped
to only three points instead of four points as mapping both
—hy +hy andhy — ho to zero does not cause ambiguity at the -osf
two terminals. Thus, removing a constellation point resirit
power savings and performance improvements. .

So far, we have only given suboptimal parameters setting. ASf_ ol oo SRR
One way to approximate the optimal solution is to use an
iterative method. At the beginning qf theth iteration, as-
suming thatw®) is given @w® = h; Ps), we can choose
a® b0 4™ &) by minimizing the average error probabil-
ity. Then, wk+1 can be obtained using®,5®) v{%) 4 2
from (5). The process repeats until convergence or the maxi-
mum number of iterations is achieved. From our experiments
we find that less than five iterations are required before
convergence.

From simulation results we find that whén /h; is close
to one, (9) performs better than (8) and performs close to the
optimal solution. Ash,/hs increases, (8) outperforms (9) in
high SNR. But (9) still performs better than (8) in low SNR.
One advantage of the suboptimal solutions (8) and (9) is that
they do not depend on channel parameters and noise variances
and are easy to implement in practice. ‘ ‘ ‘ ‘ ‘

3) Estimate and Forward: In this strategy the relay trans- - -z B ° ! ? *
mits a scaled version of the MMSE estimatehgfX; + hy Xo,
i.e., we consider a functiog(u) such that

1

f(u)
°

(@ hy =1andh, =0.5

SNR=15 dB

f(u)

(b) hy = 1 andhz = 0.8

1
— + o % Fig. 2. The optimized non-abs relay function at differentR&Nand with
glu) =argmin £ |hizy + hoxo — g'(u)| . (20) different hy and ho.

gHu)
The objective function in (10) can be written as Fig. 2 shows the optimized relay function at different SNRs
- - and with differenth; andhs. In low SNR, the relay behaves
E |hiay + hows — g(u)|2§ — like the AF strategy, while it looks like the DF strategy (8) i
high SNR.

L1 Prulzy + o) Pr(z + 22)
Pr(u) ' B. Abs-Based Srategies

5 Detailed derivations can be found in [10], where abs-based
|hazy + hoxo — g(u)|”. (11) strategies are proposed and optimized for symmetric Gaissi

X1,X2€{~+/Ps,v/Ps}



_ (h1+hp)?Ps v_
s|nh %&e 20¢ (h,l —+ hQ) PS

g(u) = 2 “hoy2
(h1+ho)“P, (h1—hx)2P
cosh 7(h1+h§2) Psue_ * 202? : + cosh (hl_hozz)\/ Psue_ t 202,2. >
r r

7(h1_h2)2PS '\/
sinh “‘%“CJL@ 2% (hy—ha) Ps
+

(12)

_ (h1+hy)2Ps _(h1—hp)2Ps *
cosh %6 202 + cosh % \/Psue 202
r r

two-way relay channels; the ADF strategy was previoushs in the non-abs case, by solving (16) we obtain (17), shown
proposed in [5]. In the following, we extend those strategiat the top of next page. The relay functif() is then a scaled
in [10] to asymmetric/fading channels. version ofg(u) — C, whereC' is a constant as in AAF.

1) Abs Amplify and Forward: In this scheme, the relay 4) Optimized Relay Function: The abs relay function can
first takes the absolute value of the received signal and thies optimized by following the approach as in the non-abs
subtracts a positive constafit from the resulting signal, i.e., counterpart by minimizing the average probability of error

over all possible functiong(:). The only difference is that in

f)=p8(ul=0), (13)  abs-based strategies we assuffd to be an even function.
where 3 is a coefficient to maintain the average power con- Th_e average probability of error at terminal 1 can be
. obtained as
straint at the relay, anfd:| denotes the absolute valuewfAt
terminal 1, if the received signal i\s/greater than tqle_dimact ) 1 e [ 1 , 1
thresholdp, it decides thatX, = Ps and X, = FRyor PI(f) = 3 N u—(hi—h2) Ps, oy
X, = —_ P%/@d X —_—\/ﬁs, and |tijec19e_sX1 = _PS (N O O 1
andX; =— PFsorX; = FsandX,=— Fs otherwise. N y—hif(u),o2 dy du
By minimizing the average probability of error, the optimal Y:l
andC can be obtained. L D_ o %‘ ,H
2) Abs Decode and Foryyard: In ADF, to satisfy the relay’s 2 . u=(h 2) Fs,op
average power constraint,P, and— P, are transmitted, i.e., SEN 1 1 L
—_ v_ : N y—hif(u),0l dy du, (18)
f(u) — __\}j% if |u| = h,l PS, (14) —o0
r

otherwise where v; is the decision threshold at terminal 1. We can

Compared with (13), in ADF, the relay performs hard geSimilarly obtainPe(Q)(f), the 1average pzrobability of error at
cisions on the absolute value of the received signal ratHfminal 2. By minimizingP{" (f) + P{*)(f) subject to the
than transmitting a scaled version. At both terminals, thi&/€rage power constraint, we can approximate the optimal
signal from the other terminal is determined by comparinglay function as in (19) shown at the top of next page. Herein
the received signal with the threshold 0. The average errbiS & parameter to satisfy the average power constraint and

probab|||ty at terminal 1 can be written as W() denotes Lambert's W fUnCtiOW((E), which is defined
as the solution taV (z)e" ™ = z. It can be shown, as in the
(o R e 1 symmetric TWRC case [10], that this converges to the ADF
PY = % +1 N U= (hy + ho)VPs, 62 strategy and is the globally optimal abs-based strategygin h
0 [ [ —1SNR.
+N u+(h1+h2)vPs,0f =N u— (h1 —hy)VPs, 07
1 [T
2 IV. ANALYTICAL COMPARISONBETWEENTWO CLASSES
N ut (e —h2)vPs,or du OF STRATEGIES IN HIGHSNR
[ B e | 1 [ [EEE|

N y+hiVPr,0i —N y—hiVPr,0l dy. For h1 > hs, the average error probability of ADF can
(15) be approximated by applying Chernoff bound-type arguments
to (15) (and the corresponding expression for terminal 2)

The average error probability at terminal 2 can be obtained@ccording to

—0o0

the same way. ) :Ihgpr . s
3) Estimate and Forward: In abs EF, we consider the  p(U) + p2) =2 ¢ 2% +¢ 202  +¢ 27 . (20)
function g(u) such that 2
1

g(u) = argminE  ||hizy + hows| — g/(u)lzg — (16) Likewise, we can approximate the average error probalifity
e ' non-abs DF by using Chernoff bounds on (3) and (4) (and the



V__ _(hi+hy)?Ps
|hi +ho| Pse  29F  cosh (lathz)vPsu
= r —+
g(u) _ (h1+hp)2Ps (h1+h2)v/Pau _ (h1—h2)2Ps (h1 —h2)v/Pau
e 20f  cosh A=t + ¢ 20 cosh {2t—gpvren
r r
vV _(hi—hp?ps
lhi —ho| Pse 2% cosh (ahe)vPsu
2
_ (h1+hp)2Ps (h1+hs)+/Psu _ (h1—h2)2Ps (h1—hs)v/Psu (17)
e 20 cosh SS12Y = oz — te  F coshT—mm=m
I —3 —
1 gﬂ:l
_ (h3+hp)2Ps v__ _ (h1—hy)2Ps v_
T r r
9s 4 2h§0‘s‘ —h; +hy)2Ps v __ _ (h1—hp)?Ps v if u= w,
e 207 cosh (h1+h§) Psu +e 207 cosh (hl_hcz) Psu
r
fw) = % — g T aime, SRS (19)
20¢ cosh (hi*h2) Psu o 20¢ cosh h1—h2) Psu
— o1 1 o2 o2
O< V/ azhiog E_hl“'hz)zps r\/ _(hl_hz)zps "\/ EHEIf w>u= O7
e 20% cosh (h1+h02) Psu e 207 cosh (hlfhcz) Psu
r r
corresponding expression for terminal 2) as V. HIGHER ORDER CONSTELLATIONS
P 4 p@ = In practical standards such as the 802.11 series, usually
¢ L, C - X 1 higher order QAM constellations are employed to achieva hig
67"'221“2 . 167“2_{:’23 L+ 1@ Bhihs — 2313 (21) spectral efficiency. In the following, we assurhe = h, =1
S - r - _— . .. . . . .
2 2 or ’ for simplicity. We first define a mapping functidi(u) at the
relay such that in the noise free case, each terminal carddeco
where 1 the pther terminal’s signal given its transmitted signalisTis
B P, equivalent to
p= h2 + h2° ’ /
1 2 h(uy +u2) B h(uy +ug), [IBwu; and 22)
h(ul + Ug) = h(ul + u/2)7 m = u/21 Ui,ug m

In the following, we consider several cases in high SNR.

h3Pr

o If B2 < P5 (20) is dominated bye 2% while (21) is
hZh3pPr

dominated bye 2"i+h$e%  Therefore, the average erro
probability of ADF ig Igss tharl/2 of that of DF.
e If hy > 2hy and % > P, (20) is dominated by
_ h3Pg s " _ h3Pg
e 29 and (21) is dominated bye 2% . Therefore,
the average error prgbzability of DF 192 of that of ADF.

o If hy < 2hy and % > Ps, (20) is dominated by
h3Ps s " h2pPs

e 2°¢ and (21) is dominated bge—;?r. Therefore,
the average error probability of DF 84 of that of ADF.

r

i1 = 1,2, whereV is the constellation set used by the two
terminals. Mappingé (u) satisfying the decodability condition
(22) can be viewed as vertex colorings of an undirected graph
G, where each node corresponds to a different valueg efu,

and there is an edge between the node correspondingta,

and the node corresponding @ + us, [1) & u,. Each such
mappingh(u) corresponds to a vertex coloring Gfsuch that
any pair of adjacent nodes does not have the same color. The
relay constellation size is equal to the number of colore Th
minimum relay constellation size, which equals the chraenat
number ofG, is at least|V|. For example, if the terminals
use an 8-PSK constellation for the uplink channel to theyrela
we obtain from a computer search that the minimum possible

These results suggest that when the channel is very asyiomeipnstellation size is eight for the downlink charinel

or the relay has a greater power than the terminals we shouldrpe classification of BPSK strategies into absolute and non-
use DF. When relay has almost the same power as $solute value strategies can be generalized to a clasisifica
terminals we prefer ADF where the power savings by usinghsed on underlying relay mappink:) satisfying (22). For

the abs operation has a big impact on the overall performanggch such mapping, the strategies discussed for BPSK in

Note that from Section I1l-A.2 we know that when /h2 IS gection I1I-A and Section I1I-B can be generalized as dési
close to 1, DF with (9) performs better than DF with (8).

Therefore, when the Channe_l IS symmetric and the rela_y has Bor arbitrary constellationy the minimum possible relay constellation
greater power than the terminals we should use DF with (%ize can be larger thajv|.



below. Under different channel parameters, different nraggp At the two terminals, there also exists an optimal decision

achieve the lowest error probability. thresholdv. We can optimizev using the same approach
Note that rectangular QAM constellations can be easihs in AAF or just choose the conventional 4PAM detection

transmitted as two PAM signals on quadrature carriers. én tthreshold. In all strategies, we can also apply a maximum

following, we take 4PAM as an example. The approach cdikelihood detector at each terminal, i.e.,

be generalized to higher PAM constellations. For simplicit

we assume that the transmit signal by the relay is chosen

from the constellation séf = {—3,—1,1, 3}. In the absence h | ing f . | f dund
of noise, the received signal at the relay is from the setT e relay mapping function can also perform a redundant

W = {—6,—4,—2,0,2,4,6}. The underlying (noise free) mappirlg s.uhch that/ = {_|6’ —4,-2,0,2,4,6} isl mapr)]p(?]d_to
relay mappingi(u) maps the sefV to a setv’ of size at least 2 Sftvz V(‘)"tz j:’ 6 or7e (;ments. For example, when =
[V]. We first consider the class of mapping functions such thgt_ ,—2,0,2,4}, we can choose

Ty = argmin|y; — f (z1 + 7o)|%. (28)
X2V

they mapW to V/ = V. For example, we can choose h(—6)=—4, h(—4)=-2, h(-2)=0, h(0)=2,
h(=6) = =3, h(=4)=-1, n=2)=3, hr0)=1, h(2) =4, h(4)=-2, h(6)=—4,
h2)=-3, h(4)=-1, h(6)=3, (29)

(23)  or, whenV’ = {—5,—3,—1,1, 3,5}, we can choose
or
h(=6) = =5, Nh(=4)=-3, h(=2)=-1, hr(0)=1,
h2)=-3, h4)=-1, h(6)=1. (30)
(24)
WhenV’ = W, we can simply choosk(u) = u. It is easy to

It is easy to verify that both (23) and (24) satisfy the coiodit ifv that (29) and (30) satisfy th dition in (22
in (22). Note that (24) is the physical network coding opierat verify that (29) and (30) satisfy the condition in (22).

given in [5] using DF. V1. SIMULATION RESULTS
AAF can be r_eadi_ly generali;ed by setting the relay function Fig. 3 compares the bit error rate (BER) performance of
to be a p|eceW|se|:I|Inear function based /fefu) such as different abs and non-abs strategies for BPSK whenr= 1
A(u+3), if u< -3, andhy = 0.8, P = Ps = 1. We observe that in low SNR,
A(u+5), if —2>u=-3, the optimized non-abs (abs) relay behaves like the AF (AAF)
_ 1—-w), fl>u=-2, strategy, while it looks like the DF (ADF) strategy in high
flu) = | —1—w), f2>u=1, (25)  sNR. Also, EF performs close to the optimized strategy fbr al
%(u —5), f5>u=2, SNR values. It can also be seen that non-abs-based stsategie
(w—3), ifu=5, perform better than abs-based strategies in low SNR in this

scenario while the former performs worse than the latter in
I?’1igh SNR. The reason for this is that non-abs strategies do
not exploit the fact that priori information is available at

where 3 is a coefficient to maintain the average power co
straint at the relay. The decoding at each terminal is simhila

the traditional 4PAM demodulation by comparing with som e terminals and therefore provide extra redundancy wisich

thresholds. We can optlml_zﬁ andc; n Fhe. r.elay function and useful particularly in low SNR. A similar behavior is obsedv
the thresholds at the terminals by minimizing the averagaer.

probability. ADF can be adapted similarly. The relay define!é1 ofr;%a‘rle\éwt]c?rtﬁ ;r;g Si?tssb]}@rlzzl fr;(:]gz;zoosglﬁ ncgir;]s'lge:re]g.

2?;? declﬁlcr)]? Leg'ﬁl?: ft?]re i\nngfggs ?u?lf:?ilgr?/ Sggtezdgr?rsz'ggwreshold SNR below which non-abs-based strategies perfor
(u). 9 ' y ( etter than abs-based strategies is increased. Thus,hb%en-a

can be obtained a'Ia:l based strategies are beneficial for asymmetric channels.

B, ?f u < =5, Fig. 5 compares the symbol error rate (SER) of different
B, !f —3>u=-5, relay functions for 4PAM using ADF and AAF when the relay
’ !f —1>u=-3, constellation sizé” = |V’| takes valued, 5, 6, 7, for moderate
fw) = ,  ifl>u=-1, (26) to high SNR. We can see that the performance degrades
B, !f 3>u=1, as V increases. There are two factors that may affect the
B, !f 5>u=3, performance of relay functions with differefit First, a small
B, ifu=s. V indicates a higher compression at the relay, which results
For EF, we first consider the functiof{u) such that in power savings. Second, whénis small, a decoding error
1 L1 at the relay may affect the overall performance. In high SNR,
g(u) = argqm)in E |h(zi+a2)—g' @)’ . (27) it is clear that the power savings dominate the performance
gHu

of ADF. We can also see that the mappings in (23) and (24),
f(u) is then a scaled version af(u), i.e., f(u) = Bg(w), which have equal/, give practically identical performance.
wheref = 0 is a scalar to satisfy the average power constraih low SNR, we find that the performance degradeslas
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decreases, which means thdt= 7 achieves the best per-
formance. For example, at SNR0 dB, the SERs folV = 4,

5,6, 7 are0.6904, 0.6472, 0.6428, 0.6146, respectively. This
observation generalizes that in the BPSK case, where the abs
based functions correspond to the minimum relay consiefiat
size. The reason for this behavior is again that the reduwydan
in the relay constellation set increases for larger

VII. CONCLUSION

We have analyzed and optimized relaying strategies for
memoryless TWRCs. In particular, we propose abs-based
strategies where the relay processes the absolute value of
the received signal. These techniques generally outperfor
non-abs-based strategies in the moderate to high SNR regime
since they take into account that side information is atsgla
at the terminals which allows for additional power savings.
Specifically, we have considered abs- and non-abs-based DF,
AF and EF strategies, and also the optimization of the
nonlinear processing function at the relay. In addition, we
showed analytically for the high SNR case that the non-abs
DF performs better than ADF when the two-way channel is
very asymmetric or the relay has a greater power than the
two terminals, while ADF performs better than DF when the
relay has roughly the same power as the terminals. Although
this work does not consider channel coding, the obtained
expressions for the error probability allow rough deterstiion
of the required rate for an end-to-end channel code. Exdansi
of these results to higher order constellations such as QAM
and PAM have also been presented, where similar obsergation
can be made.
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