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MULTIPLE-ACCESS CHANNELS
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For a DMC, we have that:

N
P(y/x,w)= ”P(yn/xn,wn)

and the rates for the two sources are given by:
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From Ahlswede-Liao:

R + R, <I(x,w;y)
O<R <I(x;y/w)
O<R, <I(w;y/x)
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From the definition of mutual (average) information:

; _ _ P(y/x)
[(A" ;A= E|L(x;v)| = P(x; )1
(A% 47) = E[1(x; p)] ZZ (52)n =

we have that;:

_ P(y/x,w)
I(x,w; ) =D > > P(x,w; y)] =
(x,w; ) 2.2 (x,w;y)In P0)
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. _ P(y/x,w)
l(x,y/W)—lezwlzy:P(y/x,W)Pl(X)Pz(W)ln POy w)
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l(xl;y) I(x;y/w)

R, R R,

I1(x;y)=1(x;y/w) I(x;y)=0

Notice that for x & w independent:

I(x;y/w)yz1(x;y) ; I(w;y/x)=1(w;y)



In (A): R =1(x;y/w)

I(w; y/x) —--m--3

We know that in (A)
R i

’ | R +R, =1(x,w,; )

v s and thus:
R, ! I(x;y/w)y+R, =1(x,w/y)
I(x;y/w)
or:

R, =1(x,w;y) = 1(x;y/w)

_ P(y/x,w) _ P(y/x,w) _
R, = xysz(x, w,y)In P0) %P(x, w,y)In PG i)
_ P(y/w) _
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For the AWGN channel:
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Consider the following multiple access scheme:

K
X:Z px,Q tw
i=1

The linear detector for user#1 will be given by:

=gy = fxﬁ%ZJ? ?w%v

User #1 N01se
Multlple -access

Interference (MAI)

Depending on the signature set, {¢}1Sl.sKthe ‘Multiple Access Interference’
(MAI) can be a significant impairment for achieving a reliable

communication.
We can try to optimize the linear detector.



We now consider the more general linear scheme:

K
2= y=pxd @+ px & o+ fow
i=2

such that:
2
P E|:|x1|2:| ‘Qfﬂ
max SINR = — 5 5
} > pE|xf | |af @ +E[f w
or.
n’éﬁin EDx1 - X 2} :E[xl —c_of’)_/z}




We can also write the signal model as follows:

Y=gtz

Where:
K

ZEZ\/ZXI-E +w  (EMAI +Noise)

i=2

In general, z is NOT considered white because of the MAI, but we can
simplify the problem considering that z is white. Under this assumption:

X, = ;(Of y  (conventional matched-filter)
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that is, the MAP/ML optimal detector corresponds to the projection of the
observation on the desired user signature.
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We see that z is not white:

K
zZ = \/;ixiﬂ +1/_in)1}:)1%)_€1 +w
i=2

where:
® =g 2 - 4
}=’1% Ea’iag[\/p2 \/p3 \/E]
X, E[xz,x3 ..... xK]T

and:
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The eigendecomposition of Z is given as usual:

2 =0NQ"

Thus, if we now take the following projection of the MAI+Noise term:

I N
11

N*Q"z = E[z2"1=N"Q"E[zz"1ON" = N*Q"SON =1 1

Z becomes white !!

In other words, we can think on the equivalent signal model:

~_ A Y% AH  _ Y ~H ~
FEATQ y=pnATO g R

White term!!

Sufficient statistic
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Because the whiteness of z, the optimal detector is now simpler:

that is:

with ‘A’ such that:

2} :EUXI _/]*I/‘z} EE|:(X1 —/]*I/)*I/] “o

min E|:|X1 - X,
A

or: 1= E[xl*v]
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One can see that: 1

- V] =g T ge K[
2. E[|v|2: =p, (gyzlﬂ)z +_ﬁ§/l/:£§1_§”

or: A (gf[_ g) i \/;
pl(gﬂHZ (0)2 (@HZ ¢f) l+pg T g

n MMSE _ \/;1 iﬁf’ E_IX

that is: X, —
+pg 2 ¢
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We also see that;

v X, =Av
EDxl_)Aclz} :E[|xl|2} _E|:xl*)21j| _E[fﬁ*xl] +E|:|5el|2j| =
=E|[x[ | ~AE[xVv] -AE[vx] HP[E|V[] =
2E|:|xl|2:| _‘E[XI VJ :E|:|x1|2] B pl(iﬂf;_lﬂ)z =] - pl_ﬁg_l_?

@9+ ¢ 1+p 93 ¢

Aopt = E[xl *V]
£ ]
or: : ~ 27 _ 1 1
mlnEDxl—xl‘} =1- T
1+
SINR
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We can conclude that:

8
MAI + N

l.- minEDx1 - X,

2} = max SINR =

2.- The maximum SINR is given by :

max(SINR) = P1£01H§_1£01

for: 2 =E[ng] :§11=)1£1H +02£

(other formualtions .../...)
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The common formulation becomes:

X _sz

min £ Dxl - X,
w

: :E[

2} =E[(x ~af p)'y] =0

or.

where:

1.- E[xl*z] :\/Zﬂ

2.- E[ZZH] :Plﬂﬁlf t2

and we can make use of the ‘Matrix Inversion Lemma’:

(A+UBY)' =4 -4"UB™ +r4"U)'v 4"

for A,B non-singular
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It is also interesting to see that the direct optimization of the SINR leads
to the same result:

S P Q)fiﬂ W léi_l
SINR = = =p — 2=
MAI + N o OJFZCU} : :
Ellw z - = (Rayliegh's quotient)
J'od w
max _f_{lgg,{ = 401441@1 =AZw <
We found that: %, =g y=>w =139

Thus: /@(g’glﬂ):A'g/glﬂ/:/l':(gfglﬂ)!!

And we also see that: maxA'=(¢'Z "' @) a SINR!!
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