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Abstract— In this paper, we study the performance of non-
cooperative wireless multiple access systems with noisypseated

channels, wherecorrelated sources communicate to an access

point (AP) in presence of block-faded links. Our goal is to eglore
the potential benefits which can be obtained when source caeta-
tion is exploited at the AP, comparing the performance with hat
obtained by using distributed source coding (DSC) at the noes.
We consider both the average bit error probability and the outage
probability as performance indicators, and we derive a theeetical
approach to evaluate their limits. Our results show that the
improvement brought by the exploitation of the correlation at
the AP is more evident when the correlation becomes sufficigly
high. Moreover, some simulation results are presented forwo
classes of channels codes: serially concatenated convaboal
codes (SCCCs) and low-density parity-check (LDPC) codes.u®
results show that SCCCs can exploit better the correlation n
scenarios with high values of the correlation coefficient (g.,
0.999).

Index Terms— Source correlation, block fading, joint source
channel coding (JSCC), low-density parity check (LDPC) and
turbo codes, distributed source coding (DSC), transmit diersity.

|I. INTRODUCTION

given by wireless sensor network®]. In particular, if the
data transmitted by the nodes are generated on the basis of
a common physical phenomenon observed by the sensors,
it is likely that these data are almost the same, e.g., the
correlation is around 0.999. The design of efficient trassmi
sion of correlated signals, observed at different nodesnt®

or more collectors is one of the main design challenges in
these networks. In the case of one collector node, this syste
model is often referred to as reach-back channel [3]-[5]. In
its simplest form, this problem can be summarized as follows
two independent nodes have to transmit correlated sensad da
to a collector node by using the minimum possible energy,
i.e., by exploiting in some way implicit correlation amoriget
data. In the case of orthogonal additive white Gaussianenois
(AWGN) channels the separation between source and channel
coding is known to be optimal [6], [7]. This means that the
theoretical limit can be achieved by first compressing each
source up to the Slepian-Wolf (SW) limit and then utilizing
two independent capacity achieving channel codes (one per
source) [8]. In this case, no cooperation among the source
nodes is required.

In this paper, we focus on distributed radio communication If, however, the transmissions are not carried out through

systems where two nodes need to transmit to a common remggparate AWGN channels, then the SW approach is no longer
destination. This model applies to many scenarios, such apfimal and alternative schemes can bring significant advan
for example, cellular networks, wireless local area nekwortages. In [9], a Gaussian multiple access (GMAC) scheme
with one access point (AP), ad-hoc wireless networks, es®l| is considered. First, the nodes exchange information tirou
sensor networks, etc. In these cases, collaboration betwéiee division-based transmission acts and taking into aeto
the nodes might be considered, leading to the so-caitdd the correlation, i.e., they transmit much less, with respec
laborative diversity[1]. In a cooperative system, each useto the entire information, by relying on a distributed saurc
is assigned one or more partners. The partners overhear ezmting (DSC)-based approach. Then, once each source node
other, process the received signals, and retransmit propes has the entire information (relative to both source nodis),
sages to the destination in order to provide extra inforomati compresses and retransmits it to the destination node @)e A
with respect to the signal sent by a single source, to thieus achieving a sort of “beamforming gain” with respect to
AP. Even in the presence of noisy inter-partner channets, th scenario with no cooperation. This approach requires; bas
virtual transmit-antenna array formed by cooperating sodeally, that the information is first compressed, thus exjpgi
provides additional diversity and may improve the systethe correlation between the sources, and then duplicated in
performance in terms of error rate and throughput. In atassi order to obtain a coding and diversity, or beamforming, gain
cooperation scenarios, therefore, the idea is that of ngatkia An alternative solution to exploit the correlation in this
nodes cooperate among themselves to implement a distlibuseenario is based on joint source channel coding (JSCC)
channel coding scheme where different nodes retransmit,schemes, where no cooperation among nodes is required and
some sense, the same information. the correlated sources are not source encoded but only ehann
In many application scenarios, however, the informatioencoded. The absence of direct cooperation between thessour
which resides in different nodes istrinsically correlated nodes is attractive in scenarios where the communicatids li
In other words, even without implementing any cooperatidretween the source nodes may be noisy. If one compares a
among the nodes, the same or, more generally, “similafSCC system with a system based on source/channel coding
information is transmitted by the nodes. A significant apseparation with the same information rate, the channelsode
plication example where this situation typically appeass used in a JSCC scheme must be less powerful (i.e., they have



higher rates). This weakness can be compensated by ergloiti

the correlation between the sources at the decoder, whichy Sy &

jointly recovers the information signals by both sourceesd SN1 GB

so that the final performance can approach the theoretical \z:
limits. For this reason, this approach is also referred to as

joint channel decoding (JCD). This approach has attracted AP
the attention of several researchers in the recent past, als
because of its implementation simplicity [10]-[14]. Noket,

in the JSCC approach, the sources are encoded independent| s 2y
of each other (i.e., for a given source neither the reabpati SN2 Yy

from the other source nor the correlation model are availabl tF

the encoder) and transmitted through the channel. Cooelat

between the sources must be instead assumed to be known at wy

the (common) receiver.

In th_ls paper, we CQHSIder a non-gooperatlve ‘JSCC/‘JQ%. 1. Proposed multi-access communication scenario: dsurce nodes
scenario where transmissions are carried out through @&patommunicate directly to the AP.
block-faded channels, i.e., when the delay requirement is
short compared to the coherence time of the channel. Perfect
channel state information (CSI) is assumed at the receivurces; an% =E(|wy;|?) = E(|Jw,j|?) is the variance of the
while no CSlI is available at the transmitters. In this settin AWGN samples (equal in both links). The SNRs at the AP
we first consider communications with no channel coding the two links are denoted ag = Ex/No and y, = Ey/No.
and we show that, in the presence of block fading, lettiriginally, the conditional entropy of the correlated sources
the nodes to transmit the whole information streams withobit= —plog,(p) — (1 —p)log,(1— p).
any source correlation allows to get better performanca the In this scenarios, it is well known that DSC allows to reduce
classical schemes based on DSC. This result is reminiscth& amount of information to be sent by the couple of nodes by
of the transmit diversity case, i.e., when correlation i€ orexploiting the correlation between the sources. In padicu
if the same information is transmitted by different antesnalenoting byrsx andrsy the compressing rates, the following
we get better performance with respect to a single antenskepian-Wolf bounds can be obtained:
system. Afterwards, we consider the same non-cooperative
JSCC scenario in presence of ideal JCD and we show that,
in the presence of block fading, non-cooperative JSCC/JCD
schemes may potentially outperform schemes based on the
separation principle. By assuming that source coding (compression) is followed by
channel coding within each SN, the actual channel code rates
fex andrey, expressed as

rsx > H
rsy > H (1)
Fsx+rsy>1+H.

Il. SCENARIO AND ACHIEVABLE RATES

We consider two nodes which transmit two binary in- Fox = Fsxlx )
formation signalsx = [Xo,...,X_1] and'y = [yo,..-,Yk_1], Fey = Tsyly
wherek is the signal length (equal for both sources). Thsatisfy the following Shannon bounds:
information signals are assumed to be temporally white with 1
P(x = 0) = P(x — 1) — 0.5, P(yi = 0) = P(y; = 1) = 0.5, fox < 3100, (1+ ) 3)
for i =0,....k—1, and we defingo 2 P(x, =y;) > 0.5— rey < 3100, (1+ ).

the correlation coefficient between the sequencesidy is  ag giscussed in Section |, compressing each source up to
2p —1. The signalsx andy are delivered to one collectoryhe g\ jimit and then utilizing two independent capacity
node (the AP). We denote I8 = [Sco,-.,Scn—1] @ndSy = achieving channel codes allows to achieve the ultimate per-
[S/0, -+ Syn,-1] the samples transmitted by the nodesand - formance limit. By introducingt, = 21og, (1+ ) and Ay =

ny being the num_ber of channel uses. In Fig. 1, we depict trlefogz(ler), the achievable rates; andr, have to satisfy
proposed scenario, where SN stands for “Source Node”. Tfhee following inequalities:

AWGN sequencew, andwy are assumed to be independent,

owing to the fact that the sources are assumed to transmit rx < %
over orthogonal channels (e.g., using time division mlgtip o< My 4)
Y>SH

access). While in this section we consider achievable fates
a scenario with AWGN channels, we then extend our approach
to scenarios with Rayleigh block faded channels.

Let us introduce the following quantitiesy = k/ny, ry =
k/ny are the transmission rates at the two source nodesWe now derive a simple theoretical upper bound on the
Ex = E(|si[®) (i =0,....,nc—1) and E, = E(|s;j|?) (j = bit error rate (BER) in scenarios witho channel codingTo
0,...,ny—1) are the energies per transmitted symbol by theaborate, let us assume binary transmissionsgj.e- (2x—

Ixry(1+H) — Ay — Ayryx < 0.

IIl. SCHEMES WITHOUTCHANNEL CODING
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1)vEx=+£vEx 8 = (2y—1)vEx = +,/Ey and denote by 1iin< (1ii) (11)
—_ 4%, .

anduy the received samples, i.e: 2y
Uy = Sy + Wy It can be shown that this inequalities are tight for high SNRs
Uy =S, + W ) values y and ¥, in particular fory >>L,/4 and ¥, >>

Lp/4. We now show that this is verified in normal operative
conditions. Consider without loss of generaligy For high
p values, e.g. forp = 0.99, we getlL,/4 = 1. Hence, the
inequality (10) is tight fory >> 0 dB, and this is verified, for
¥ = argmayPr {vju} (6) sure, for reasonably low values of the BER. For lower values
v of p, it follows thatLp/4 < 1 and, therefore, the condition
whereu = {uy, Uy}. ¥ >> Lp/4 is verified even more accurately. It can then be
By using the Bayes rule and by putting away the consta@@ncluded that the inequalities (10) and (11) are very tight

terms (i.e., the terms which do not dependwnone obtains all situations of practical interest. Using (10) and (11pi(®),
one obtains:

Denoting byv = {x,y} the couple of bits transmitted by the
two nodes, the maximum a posteriori (MAP) estimatios
{X,¥} may be easily derived as:

Vv = argmaPr{ujv}Pr(v)
v

p 1
— argmaxXinPr{ufw} +InPr{ulw} +InPrw] @ B = erfe{ /i +y}+ 1 {erfcl W <1+ ELD)]
v
where the last equality follows from the fact that the lotiari 1
is a monotonically increasing function and the two channels ¥ 1+%Lp
are orthogonal. By using the model in (5), it is now straight-
i : 1-— 1
forward to get from (7) the decoding rule: N 4p {erfc[ % (1 Z_Lp)]
V = argmaxuxsy + Uysy + No x InPr{v}]. %
\'
1
wherePr {v} is the a-priori probability o, i.e., Pr{v} = 2 +erfc|/w <1— %Lp)] } (12)
if x=y, andPr{v} = 1’—" if x#y. Given the above, it is

straightforward to derlve the error probabiliBy(v,V) that the Moreover, by considering the Chernoff-Rubin bound for the
detected sequendeis different fromv as: error function, i.e., erfx) < 26 from (12) and taking into

+erfc

account the definition of,, one can write
Po(v,¥) = Serfed 1 /yeqV,¥) + — | {Pr("q ®) 1L
antvT R Yed VY)Y Yeq(V,¥) [ Pr(¥) R < 2e (xtw) 4 Ee*”‘er9 (1-p+etep)

whereyeq(V,V) = (x©X) % + (Y& ¥) %, @ being the XOR oper-
ator, andPr(V) is the a-priori probability o¥, i.e.,Pr{V} =%
if X=9, andPr{¥} = 2 if X#£7. = 2 (6%) 4 (e ¥ 4e¥) x /p(1—p). (13)
Note that the same model applies also with a more efficientConsider now the presence of independent Ravieiah faded
guaternary modulation scheme (QPSK), where two coded ; P . P yielg
symbols are transmitted at the same time in the real aﬁ’{!}(s- Assuming that the two links are characterized by the

a _
imaginary part of the complex transmitted sample. same average SNR, = E[y] = E[y], the SNRs have the

An upper bound (union bound) on the bit error probabilit{/OIIOWing exponential distribution [15]:

+%e*We% (1-p+etep)

R, can be obtained by summing the pairwise error probabilities f _f 1 ot 14
properly weighted by the respective a-priori probabitiee.: k() =Ty () = r exp( r) Ui (14)
< erfcd % whereU (t) is the unit step function. Denoting by s = %+ ¥
R < { et } the sum of the SNRs, owing to the independence between the
+B {erfc {m_,_ — In <L>} communication links it is straightforward to obtain the df
40 4k \1-p s as fy, (1) = (t/I?)exp(—t/M)U(t). An upper bound on
the BER can be derived by averaging over the distribution of
f —I . N e
erie _\/WJF ( ) } the fading terms appearing in (13), obtaining:
R te)) e (7
+——erfc|/l———=In[ —— < _
4 Y V% \1-p pD_(F+1)2+<F+1)X p(1—-p). (15)
+erfc \/W_ il <L) } (9) The upper bound on the BER given above allows to separate
L 1-p the effects of the SNR and the correlation between the two
Define the log-likelihood ratldef In(ﬁ) and consider the SOUrCes. As an example, # =1, i.e., the two sources are

identical, the system is equivalent to a classical transions

diversity system where the slope of the BER curve is two.

141 < <1i_p> (10) On the other hand, fop = 0.5, if we neglect the term which _
2% P 4w ) - depends on the squared SNR, the slope of the BER curve is

following inequalities:
2



one, as in systems with no diversity.
In order to evaluate the gain which can be obtained by ex o
ploiting the source correlation at the receiver, consiteidaal

scheme where the information is compressed to its minimun
data rate. When no CSI is available at the transmitter, the
natural choice is to have the same compression rates at tt ,
transmitters which yields, from (I)sx =rsy = (1+H)/2. »10 ——
In this ideal DSC scheme, correlation is completely lost on | | .. JSCCn=2 (th) _
account of data compression and the performance is equotvale 4 O JSCCn=2 (sim) =N
to that of a single link affected by Rayleigh fading with an
average SNR g =2l /H. The BER for the scenario with DSC

can then be written as: 16°
5 10 15 20 25 30

o0 I [dB]
R = %/o erfc(v/t) iexp(riid) dt. (16) @

Mid

We remark that, in the DSC case, the BER in (16) refers 10
to the “compressed” bits. Therefore, bit errors might have
a catastrophic impact on the uncompressed data stream.  1g%-..
the absence of DSC, this problem does not exist. It is wortl g
noting that, if p = 1 then H(x,y) = 1 and, consequently, '
g = 2I'. Note also that, forp = 1, if no compression of
data is considered (i.e., the scenario of interest in thjepa
the same data are transmitted into 2 independent channe 10
with an energy per channel equal tg2tth of that in the
DSC case. This situation is the same of that of classicalimult ;s
antenna systems which achieve 2-degree diversity by mdans
repetition codes. Of course, fpr< 1 we expect that a certain .
degree of diversity can be still obtained. 105 10 B (48] 20 25 30

In Fig. 2, we compare the BER of DSC and JSCC schemes. (b)
In particular, both simulation and theoretical resultssivewn,
fixing the correlation coefficienp to 0.95 in (a) and 0.999 in Fig . BER performance, as a function of the SNR in the undamenario.
(b). As for the DSC case, the analysis in (16) is exact artle correlation coefficientp is fixed to 0.95 in (a) and 0.999 in (b). The
hence we only show theoretical results. Conversely, for tRe/formance of JSCC schemes is compared with that of DSGrezhe
JSCC case the theoretical BER is obtained by integrating the

union bound (9) over the joint distribution ok and y,. In . . . .
this case, by comparing the theoretical results with sitiaria ? _umta_ry slo_pe, e.g., for h'gh.SNBS.‘ We_rgfer to this gain as
ghlersny gain due to correlation,” since it is due to thetfa

—— DSC,n=2
..... JSCCh=2 (th)

DSC [0 JscCn=2 (sim)

results, it can be observed that the derived upper boundst t th tive infl fa st v faded link is v
the BER are very tight. Moreover, it can be noticed that th at the negative influence of a strongly faded link is paytia

performance of the DSC schemes is always worse than tﬁ%?overded tt)y thg dother ilrc]ess dfadec_it) Imk; : due t lati
of JSCC schemes. Obviously, the higher the correlation leve n order to evidence the diversily gain due to correlation,

among the sources, the more pronounced this effect. NgleFlg: 3 we ihow the SNR, required to a-chleve a BER
that for high values op, e.g., p — 0.999, the BER curves equal to 5< 10~°, as a function of the correlation coefficient

in the JSCC case are characterized by higher slopes tharPInThe performance of JSCC schemes is compared with

the DSC cases, at least for low-to-medium SNRs. This effdfft associated with DSC schemes. As one can see, in both

_ o scenarios the system performance is basically fixed foregalu
gzp: :rr;; I;Zr]?éii/%v;e; o\:?r!utisep IJ;,?E?{ ,cl:)u:vgsg ?n elélizrl g IE z:)?n'l'h%f the correlation coefficignt lower than 0.8. For both of&ss
rationale behind this behavior is as follows. As one can sﬁé schemes, the SN.R gain becomes rele_vant for valugs of
from (15), the upper bound on the BER is given by two distin Igher than 0.8 and is an increasing function of the number of .
terms: the first term is inversely proportional to the Squa%)urces._However, ‘?SCC schemes outperform DSC_: schemes:
SNR and, therefore, the slope of the BER curve is two, as%t._ve_ry h!gh correlation values (e.g., 0.97), the prediGhiR
systems with diversity; the second term is instead chatiaetk gain is higher than 5 dB.
by a unitary slope, as in systems with no diversity. However,
for high values ofp the second term is very small and
becomes significant only for high SNRs. This justifies the Consider the case where no distributed compression is
facts that the slopes of the BER curves are not constant gretformed at the transmitters and correlation is fully ekpld
they approach one for increasing SNRs. However, as shoainthe receiver, i.e.fsx = rsy = 1 (channel rates are equal
in Fig. 2, exploiting the correlation at the receiver pr@gca to transmission rates). The receiver exploits correlatign
gain, with respect to DSC schemes, even in the presencendans of JCD, which allows to achieve the ultimate capacity

IV. SCHEMES WITH CHANNEL CODING
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given in (14). It is straightforward to get:
In(2 22 -1
f)(t) = In) . 22 lexp( —=—— | U(t).
I I
15 DSC
Y, Accordingly, Pé ) may be easily evaluated from (18) as:
dB 7 7
. AP0 = 1= [ hs [ By
(1+H)r/2 (1+H)r/2
or(1+H) _ 1
= 1—exp<—2>< — (29)
9
0.5 06 0.7 0 0.8 0.9 1 while for the JCD case one obtains:
r 00
(Jcp o
Fig. 3. SNR, as a function of theorrelation coefficienp, required to achieve Fo =1 / fa (X) dx / fA (y) dy
a BER (at the AP) equal to 61073, The performance of JSCC schemes is rH (1+H)r—x
compared with that of DSC schemes. ) )
- [ ek [ )y
r rH

(4) in presence of ideal CSI [14], [16]. However, in the r
considered scenario no CSIl is present at the transmitters, ' —2x(tH) x4
. . Co ; . 1- [exp| ———— | fa(x)dx
i.e., link adaptation is not permitted. Accordingly, thetural r

choice is to have common information rates at the two o orH
sources, i.e.f =ry =ry. From (4), settingr = ry =ry the exp<27+1> exp(ziﬂ) . (20)

H

common rate constraints for the JCD scheme turn out to be: r r
N In Fig. 4, we compare the outage probability of DSC
r<g and JCD schemes obtained by evaluating (19) and (20). The
r < % —r< min{&, ﬂ7 AX+AV}_ (17) correlation coefficienp is fixed to 0.95 in (a) and 0.999 in
Aty H H 1+H (b). Simulation results for the JCD are also shown in Figrd. |
<=1 - the simulation setting, each node transmits packets ofteng

Similarly to the uncoded case, in order to evidence tﬁ%: 1000 using (i)_ a serial conca’_[enated con\_/olutional code
advantage of exploiting correlation at the receiver, th® JC(S_CCC) characterl_z_ed by a recursive systematic rgeebn-
scenario is compared with a DSC scheme which applies thguent code and (ii) a low-density parity-check (LDPC}ieo
separation principle, i.e., information data is first coegsed characterlzed by a .parlty—check matrix with two_diagonals
up to the SW limit and then transmitted into the channéYV'th rate 1/2). Details on these channel codes can be found

utilizing two independent capacity achieving channel codd" [16]. In both cases, the correlation is exploited at thebyP

As previously discussed, such a scheme is known to achié{féng a proper iterative algorithm between the two compbnen

the ultimate capacity in presence of ideal CSI. When no Cg?coders _[13]_’ [14]'_ [16]. As one can see, the performance of
is available at the transmitter, the natural choice is totiset € realistic simulations are slightly away from the théioee
compression ratessy = rsy = (1+H)/2 (as in the uncoded results. This is due to the fact that the considered codes are

case) and to transmit by using common channel rates, i_%j?all (i.e.,k_: 100_0), w_hereas the analytical results hold in
rex =Trcx. In this setting, the transmitting rate=ry = ry must an asymptotic regime, i.e., wheén— co. Mo_reover, one can
fulfill: observe that for large values of the correlation coefficferd.,

p = 0.999) the “optimized” SCCC is able to better use the

2 ;
r<-55A 2 .

1;H X [ < min{Ax, Ay} (18) correlation among data, whereas the LDPC code performance
r <ty 1+H degrades.

Finally, in Fig. 5 the theoretical SNR required to obtain an
Let us now introduce the feasible two-dimensional channglljtage probability equal to 1072 is shown as a function
SNR regions as the ensemble of SNR paigs §) which of the correlation coefficienp. The performance of JCD
satisfy (4) for JCD schemes and (18) for DSC schemes. In théhemes is compared with that of DSC schemes. The same
considered block-faded scenario without CSI an outagetevegnsiderations carried out in Fig. 3 still hold also for theage
is declared ifat least oneof the users cannot communicate abrobability, i.e., the SNR gain becomes relevant for values
the target rate (similar to the definition of outage in the singlegs p higher than 0.8. Moreover, JCD schemes outperform
link scenario), i.e., if the SNR paing, ) does not belong to psc schemes: at very high correlation values (e.g., 0.88), t
the feasibility region. To derive the outage probabiliﬁégsc) predicted SNR gain is higher than 7 dB.
and PéJCD) for the DSC and JCD cases, respectively, it is Note that the decoding complexity of JCD is given by
convenient to derive the distribution af= 0.5log,(1+y), y that of the channel decoder associated with the code used
being the SNR of each link which has exponential distributicat each node (either turbo or LDPC) and that of the iterative
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Outage probability performance, as a function of MR, in the
coded scenario. Theprrelation coefficienp is fixed to 0.95 in (a) and 0.999 in
(b). The performance of JCD schemes is compared with thaS& Bchemes.
Simulation results for SCCC and LDPC codes are presented.

Fig. 5. SNR, as a function of treorrelation coefficienp, required to achieve
an outage probability (at the AP) equal tox30-2. The performance of JCD

is compared with that of DSC.

exchange of information (weighed by the correlation) betwe
the component decoders. Since the correlation-basedafor
tion weighing is negligible with respect to the complexity o
each component decoding algorithm, the total complexity is
approximately BierGsingle-dec Where nier is the number of
iterations between the two component decoders@figie_dec

is the complexity of each decoding algorithm. The single
decoder complexityésingle-dec depends on the chosen cod-
ing/decoding scheme and can be evaluated, for example, in
terms of multiplications/additions.

We remark that, even though the source-AP links are
independent, the considered scenario is similar to the GMAC
scenario presented in [9], where the separation is not aptim
In our case, the fact that the separation is not optimal comes
from the fact that the links are unbalanced because of the
presence of fading. This asymmetry, which cannot be com-
pensated since no CSl is considered at the sources, tends to
favor schemes with joint decoding at the AP. In other words,
as in the GMAC scheme considered in [9] and in the uncoded
communication scenario considered in Section Il it is enor
convenient to exploit the source correlation entirely @t AP,
even if the links are separated.

V. CONCLUSIONS

In this paper, we have analyzed the performance of multiple
access schemes where taarrelatedsources communicate to
an AP, in the absence of cooperation, through noisy sephrate
block-faded links. Using an information-theoretic apmioa
we have explored the potential benefits which can be obtained
when source correlation is exploited at the AP by using
JCD. The performance of JCD transmission scheme has been
compared with that of DSC schemes. Our results (in terms
of both average bit error probability and outage probahilit
show that the improvement brought by the exploitation of the
correlation at the AP is more evident when the correlation
coefficient becomes more relevant. Moreover, some sinaulati
results have been presented for both SCCCs and LDPCs,
showing that SCCCs better exploit the correlation when the
correlation coefficient is large (e.g., 0.999). This remtr&
conclusions of [16], i.e., the fact that channel codes need t
be properly designed to exploit the source correlation at th
AP.
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