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Freq-Selective Stream Demod [Ch. 12]:

Linear binary stream modulation (i = [mqy,ma, ..., mg,]):
Ky
zi(t) = Y a(mpu(t — (k- 1)T)
k=1
T;(t) = xi(t) * h.(t), u(t) = u(t) * h,(t)
~ Tp+Th E
I = argmax Re/ Y. (t)z;(t)dt — 71
¢ 0
Ky
= argmax ReZa*(mk)
k=1

Tp+Th, E
X / Y. ()a (t — (k= 1)T)dt —?Z
0

A\ 7
~

sufficient statistics Q®)
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Xo(t) = ha(?) () XLt) a*(T, —t) % — O

W, (t)

Ky
QW = > DYVi((k—1T)+NW
=1

Vector model:

Gley = Ey'Va((k—=DT), Va(kT)| =0

|k|>{%—‘
Q = EGD+N

E; = E,dI'Gd,
I

~ B
= argmax Rec_ZfIQ — f@f{(}’di

>4

T;
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Ungerboeck MLWD:

First stage: n®
I =110 @] @] - |poenpoe] .| [(K)
mq nq ng_)
H A Ey, jH
T = Redi Q_ Tbc_lz Gdl
ﬂ = 17+ M
= I+ [ e — H+ m_ m— H
+ 1 H+ H
_ p(1+) (1-)
= dmyng T Tn(l)
3
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1 13 - 1)
ngl;f,)u are called “forward metrics.

Main ldea:

For each n; € {0,...,2 — 1}, choose the best m;.
[ (1)  u it ision”
I,/ = arg n;ngmlm conditional decision
rn — (14+) iti ic”
T, = r%%XTml’m conditional metric

Decide among the n, later. ..
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Second stage:

I=| 10| @] @] || e| .| [05)
mo N9 ng_)
ny
Note that
T, = T, + T\
= T3 + :]H—F\—J H

1 2 2—
= 7%14:?201 + TTS”LQ),nz + T,E(Q))

using the same decoupling idea as before.
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Rewrite the metrics:

argmaxT; = arg max Tu0 +T0, + T
7 mi,ma,n ’ ’ "

= arg max Tﬁ) + T2 +Tr(f2_))

mg,n(2) m2,n2
= arg max 70 + 7@ —|—T(2_>
= g ma, i1 ma,na n(2)
mQ’n(2)¥ ~~ —4
(2+)
m2,n2

So, for each ny € {0,...,2N — 1}, choose the best ms

22) 2+ 2) _ 2+
],(LQ) = argn;lnaZXTéw,)bg, TT(LZ) = mmaQXTT(FLQ’T)L2

and discard non-surviving paths: L(i) = [f;(lz)) i f%)}
no 11
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k' stage, (for 2 < k < K, — N,):

Can rewrite the metrics as

~ k—l k_
arg mzaXTZ - A8 mril?;?i) TTSlkaﬁZ—l + Tgk)’”73+ T?’(L(k))

(k+)
. mg,ng
Two essential steps:

1. For each of the 2V« "1 possible values of {my,ny;},

compute the branch metric T,ﬁf’,jnk and add it to the

) : ) . (k=1
corresponding partial survivor metric TT(nk ﬁi_l'

2. Keep the 2™V surviving paths:

. ~(k) palk=1) .
k) _ (k+) (k) _ 150 (k)
]”k = arg HrlnakX ka,nk’ lnk o [ll,g]z),ﬁk_l Ink ]
7
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In summary, the k'* Ungerboeck recursion looks like

~(k—1 k

Tékfl) ] Tr(nk—’:%k . ~(k:)
Survivor = T’

A (k—1) FOI’WE]I’CI .

L, | ¢ 5(k=1) Selection

tep =M, —1 ~(k
Step — L(l)
g — b

Termination:

o After the k = (K,—N,)™" stage, grow {T}L’?} into the

surviving cumulative metrics using [¢*+1), ... qU5)].

e Choose the largest of these 2V cumulative metrics.

Overall complexity of MLWD: O(K,N,2N=*1).
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Example of Ungerboeck MLWD:
e BPSK, Kj, =4, u(t) \/710T
h.(t) = V20(t) + V2ei56(t = T), E; = 1

[ 1 0595 0 0 )

0.5e773 1 0.5¢75 0
0 0.5¢775 1 0.5¢75

\ 0 0 05e7F 1 )

o G=[1.5+50.5, 0.3+ 0.7, 1.2+ j0.1, —0.9+ j0.1]
e N,=1 = 2Mv=2 = pn,e{0,1}

Phil Schniter OSU ECE-809
Time 1:
T+ = Re[d\)*qM] - &Hd P+d* g od P +dP* gs 1d)) ]
mi,ni 2

Tyo? = 0.75,
Ty = —1.75,
T3 = 1.25,
T = —2.25,

T = o7, 1Y =0
7= 125, M=o

10
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Time 2:

Phil Schniter

Time 3:

T

m3 n3
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(note: ny = my)
27 Fa
= Re[d)q®] " [|d0) P+ d0) ara+d ) ) as 2]
— 045, TOP =T+ T =03
= 055, TS =TS +T" =07
0.05, T =T+ TV =08
-1.05, 1757 =1H + 1Y = 0.2
0.7, 12 =001
0.8, 17 =100
11
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(note: ng = mg3)
Ea
= Re[d(2)"q®] = (|5 P+ i) go.atdy) ALt gu.]
045, Ton? =T + TP = 115 ass
145, T8 =T 4 T = 065 i
. ) 1,0 1,0 ' 165
0.95, Ty =T + TO<2> = 1.65
-1.95, T3V =718+ TP = 115
1.15, i = 0,10
165, 1V =1[0,1,0]

12
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Time 4:

(termination)

.~ Ea
Tl = Reldp)d ] = < {ld) 7]

T\ = —14, T = TV + T = —0.25

0.4, ﬂ0101] — T1(4) ‘I— j—',1(3) — 205

= 1=10,1,0,1]
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