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ABSTRACT

In this paper, we propose a timing recovery loop for Inmarsat mini-m system downlink receiver. Inmarsat
mini-m system requires a timing recovery loop which is robust in frequency offset and has fast acquisition
because Inmarsat mini-m system specification requires frequency tolerance is required of +924 Hz (signal
bandwidth: 2.4 kHz) and acquisition time of UW (Unique Word) signal duration (15ms).Therefore, we propose a
timing recovery loop which is suitable for Inmarsat mini-m system. The proposed timing recovery loop adopted
noncoherent UW detector and differential ELD which applied differential UW signal for stability and fast
acquisition in frequency offset environment. Simulation results show that the proposed timing recovery loop has

stable operation and fast acquisition in frequency offset environment for the system.
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6bits2E TFAEHSY 9)om, FECEF frame™d 6bits%

240ms n x240ms i5ms

h 4

[SSSA 4

Super Frame 1 n > Super Frame EQD

120ms 120ms

Framea 1 Frame 2
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46.
.’r
/ —u— AWGN
/ AWGN+Frequency offset 1kHz [
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Inmarsat mini-m A}28l-2 AMA Q] Fal &
o] & Alxslolr] wiFe Fubg FAllef]l ZFelgt
TED «dwe|5e] Afe| Losicl TED daelF
2 =74 data added Y3} non-data added B L.
g2 YE 4 9Jor) 7|1BE-He & ELD, ZCD (Zero
Crossing Detector), MMD (Muller and Muller
Detector) 53 7+ data added WAl ukis} 9
A FAle] EAsk 7ol diaiA] Al Ele]
o F7] s A& o glen, v 9 A &
Al Zz A olol] dfgh ¢3EE FHadt 4 Qe
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o] dg] ArgEl 3 el &At GAD ¥l 9G4
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A wkal YA FAEE ol A (6)llAe] data
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g e v d3=A oL

3.2.2 Proposed TED &X2l&

AekEl TED ZL UW detector oA 7=
%) differential UW A1ZE o|£3ozx 33 vk
o A 340 2 data pattern & °3%S FHAS; &
o248 whE acquisition B AR AE AlsE
HAEE 4 gl wiAlo|ch
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r,(k) et 3 (k) = 4 (1003 o] F¥=rh
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0 =27NT; B4 1A vbga} A FA1S vepdic,
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differential UW Al3E 7, (k) = FIr3Ale] o8k
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Aok vl 2] (10)-8 o83t ELD 7[uke] ¢
g]lZoa A TED &4 e = Al 1) 2,
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time sample A&, 0=2mAT; 24 1A Higa} A
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Al 1Dl BE2o] Ak ¥k TED &3] 74
T IR HkE 4 34 0=22AT; 24 2] (10)°]]
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A vkgal YAy FAl 0=87A(T; o] n]&|| g2 o]
Hes g 5 olon, =3 Ak WAL dx
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I3 60 ERe] AjEE uiro] Fal JFAle
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o Sl

0.1
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0.01
3
£
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£
E
=
1E4 " .
\0
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e £ I A A et (R S i R
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To controller

‘@ T o conto
G1 l C; 1
z <«—

ag 7. 2 FHe &

0.5 — == Leop filter gain {G, : 1/2, G, : 1/4)
) X - Loop filter gain (G, : 1/4, G, : 1/8)
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at :
. h{".“w\ /
2 034 Ty
ui "l 6‘}; Loop filter gain decreased
o 1
E
£
.—
1+ 77T
0 20 40 60 80 100 120 140 160 180 200
Svmbol_lndqex
= A
(a) i ‘-1/‘&]
£
7.8x10" —»— Loop filter gain (G, : 112, G, : 1/4)
E Loop filter galn (G, : 1/4, Gz:ﬂa)
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| i -v - Loop filter gain (G, : 1/64, G, : 1/128)
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@
=
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£
E &
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3.4 Controller / Interpolator

£ gele] £3-8 92 controller interpolator
g Aojgtoza AE AAE Tl e
glo]nl of|2] detector interpolatorel] £]3] E1=l
BEES 0|83l Efoln) eleio) wE A E WA
A71EE A AF2S A3 So] eleoln) B/
£ 3l AE3 AES &34 Ho) Interpolator+=
piecewise parabolic interpolator2} cubic interpolator
7} odubydoeg  ARS-Ew, cubic interpolator”}
piecewise parabolic interpolator Bt} A5 el =
$ssht 2ot of acka Qe 9ok

I 9+ AIRK w9 interpolatorel] whE A
A e x[E Adeeltt. 2¥ 9F F8t] cubic
interpolator”} piecewise parabolic interpolator 2.t}
T3t s Bolvh Ae Al ZA ues 2
AF o qlom, ofd w2t B EiollMe sh=ded
F&ol|4] f-2|3F piecewise parabolic interpolatorE
Hgshdnk 73 103 4 (1% 2% & xi
A 8-% piecewise parabolic interpolator®] FZT2}
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y(k) = g (g = Dx(my +2)+ g, (1= g )x(my +1)
+(p, D= g )x(m, )+ g, (g, — Dx(my = 1) (12)
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