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Introduction

» There are two components in the synchronization problem:
— Code acquisition: determination of the initial code phase
— Code tracking: maintaining of code synchronization after
initial acquisition
* Code acquisition: acquire the code phase of the spreading code
in chip level (from the perspective of DSSS)

* Code tracking: track the spreading code to minimize the timing
error

[N [N

Acquisition [ | Tracking * Demodulation

P

Acquisition — Tracking & Demodulation — Lose Tracking
— Acquisition — Tracking & Demodulation — ...
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Introduction (Cont.)

* Code tracking is accomplished using phase-locked techniques
very similar to carrier tracking

— The principal difference is the phase discriminator
* For carrier tracking: a multiplier

 For code tracking: several multipliers and pairs of
filters and envelope detectors

» The phase discriminators make use of correlation operations

— Two different phases (early and late) of receiver-
generated spreading waveform are used

Prof. Tsai 5

Introduction (Cont.)

» These correlation operations can be accomplished using:
— Two independent correlators: delay-lock tracking loop (DLL)
— A single correlator (time shared): tau-dither tracking loop
(TDL)
* The transmission delay is usually a function of time, 7 ()
— Mainly due to user mobility

* The code tracking loops are designed to achieve low root mean
square (rms) tracking jitter in the present of AWGN

— In order to achieve a good tracking performance of 7 (¢)
» The loop bandwidth is selected to be a compromise
— Wide bandwidth: facilitate tracking the dynamics of 7 (7)

— Narrow bandwidth: minimize the tracking jitter due to
interference
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Optimum Tracking of
Wideband Signals

Prof. Tsai

Optimum Tracking of Wideband Signals

* The optimum tracking discriminator for an arbitrary
wideband signal received with AWGN is

— A multiplier that forms the product of
* The received signal plus noise and

 The first derivative (with respect to time) of the
receiver-generated replica of the transmitted signal

=/>a | Lowpass Delay error estimate
r(t)=s(t—Td)+n(t) \?(t—f") il O‘(Td_le) |
d s'>0 S/E/ S/E‘ I
Known at i ayS
the recetver Voltage controllable <0 7} \TF ot
/ t \delay line with gain ) a\:\ \ d
’ ls T,-T,>0:0,=s",xs<s"xs
S(t) S(t) aV Td—fd<0:0d=s’dxs>s'xs
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Optimum Tracking of Wideband Signals (Cont.)

* This discriminator is optimum

— Its output is a maximum likelihood estimate of the phase
difference between the two wideband signals in an AWGN

environment
» The received signal

rt)y=s—T,)+n(t)

is multiplied by a differentiated and delayed replica s'(¢—7,)

* The output contains a DC component related to the delay error,

ie., (I, -T,)

* This DC component is extracted by the low-pass filter and
used to correct the delay of the voltage controllable delay line
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Optimum Tracking of Wideband Signals (Cont.)

» Suppose that the received signal is the baseband spreading

waveform c¢(# —7,) and thermal noise is ignored

» The received signal ¢(—T,) and the delayed replica c(t—T,)

c(t—Td)

5
11 T
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Optimum Tracking of Wideband Signals (Cont.)

» The first derivative of c(t—f ) is
ic(t—f’d)

) R .

. z
Al 23 4l5 6 7l8 o 10 11 L.
d
VV_2
« If 7,>T, and ‘Td—f’d‘<Tc,the multiplier output is

ct-T, )%c(t—fd)

A I R

T, —
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Optimum Tracking of Wideband Signals (Cont.)

* For an m-sequence with period N and chip duration 7, the
number of transitions of an m-sequence is

— By Property V, the total number of runs of subsequence is
2x(27 4277 442 42 2 =2x (27T =) +2=2""
— The number of transitions is 2"~ = 5 (N+1)
« If T,>T, and‘Td —fd‘<Tc ;
— The impulse functions at the multiplier output are all positive

— The DC component is the time average of

Cd ] Al 2x(N+1)/2 N+1
c(t Td)dt[c(t 7)) TR

— The observation interval is N7, and there are 2 (N+1)
transitions
Prof. Tsai 12




Optimum Tracking of Wideband Signals (Cont.)

« If 7,<T,and ‘Td —fd‘ < T, , the impulse functions at the

multiplier output are all negative
— The DC component is
d . N +1
c(t-=T,)—|c(t-T,) |=—-
(1=T)) | ct=T,)] NT

o If ‘Td —f"d‘ > T, there is an equal number of positive and
negative impulses

— The number of transition is /2 (N+1), and the impulses may
be positive or negative (depending on the phase shift)

— The DC component is

c(t—Td)%[c(t—fd)]:O
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Optimum Tracking of Wideband Signals (Cont.)

* The DC output of the multiplier is a function of the normalized
delay difference &= (T,-T,)/T.

E{c(t_z,)%c(f_rd )}

N+1
NT,
1.0 52@—@
1.0 .
_N+1
NT,
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Baseband Delay-Lock
Tracking Loop

Prof. Tsai

Baseband Delay-Lock Tracking Loop

* The baseband DLL is to track the time-varying phase of the
received spreading waveform c(t — 7))

» The received signal is
s (1) = Pc(t—T,)+n(t)
— P 1s the power of spreading waveform

— n(?) is AWGN with two-sided power spectral density N,/2

» The received signal is input to the delay-lock discriminator,
after power division, it is correlated with

— An early spreading waveform c(t—T, +(A/2)T.)
— An late spreading waveform c¢(1—7, —(A/2)T.)
— A'is the time difference between the early and late channels
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Block Diagram of Baseband DLL

» The block diagram of the baseband delay-lock tracking loop is

Delay-lock discriminator |

—X)

I
Sy (t): 1 yl(t)_ I
\/Fc(t—T u )+ n(t) | | Power CZ)_:M Iﬁ(ft%g
: divider o @ 10
t)
| (SO Y2 |
R B
ch(l‘—f'd +éch ch(t_id —éch V(t)
2 2
KIC(t _fd ) < I S d
, preading Voltage
Used for Spreafgilng waveform clock | controlled
despreading Wave Otml oscillator
generator g,
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Delay-Lock Discriminator Output

* The output of the early-correlator is:

. p .
»@,1,,T)) =K1\/;C(Z—Td)c(t—Td —I—%TC)

» The output of the late-correlator is:

n P A~ A
»,@T,,T,)= Kl\/;c(t—Td)c(t—Td —ETC)
* The difference of y,(¢) and y,(?) 1s:

. J2 . .
e(t,T,,T,) = Kl\/;c(t—Td)[c(t—Td —%Tc)—c(t—Td +%TC)}

— The DC component is used for code tracking

— The time-varying component is called code shift-noise

Prof. Tsai




Delay-Lock Discriminator Output (Cont.)

e The DC component is:

P A 1 a2 P
Kl\/;DA(TdaTd) :N—TCJ‘NTCHKI\/;C(Z‘_TOI)

X c(t—fd—%];)—c(t—fd+%7;)}dt

R(r)=— 'OTc(z)c(z+ 7)dt

A
2

A A
=R [(5—?@}—& [(mgm}
£D,(5)

A

Dy(Ty,Ty) = RAT, =1y =2 T) = RA(T, =T, + 1)
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Delay-Lock Discriminator Output (Cont.)

(8, +%)TC T (6, —A)Tc

i

A
(6, + I,

o,
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Delay-Lock Discriminator DC Output

S-curve A<1.0 DA(5) RCK5—%)TC}
14 /\/ 1
D (1+—]A
/ N N
e N
. S TIE AR oo ¢
“T3 T T TRY ST
N ’
\ EEN A
VIl R {[5 +EJTC}
— A—
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Delay-Lock Discriminator DC Output (Cont.)

S-curve A=1.0
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Delay-Lock Discriminator DC Output (Cont.)

S-curve 1.0<A<2.0 D,(5)
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Delay-Lock Discriminator DC Output (Cont.)

S-curve A=2.0 D, ( 5)

Prof. Tsai




Baseband Delay-Lock Tracking Loop

« T,>T,: 5<0=D,(0)=y,(t) —y,(t) <0 = v(£) < 0 = clock T
=

7,4 . .
yl(r)=Rc[(5+5>Tc} >R{(5—5>Tc}=y2(t)

o T,<T,:5>0= D,(6)=y,(t) —y,(t) > 0= v() > 0= clock |
= 77
n=R| @+ 1 |<R| G- |=2:0)

Same phase ) R
A — Received waveform — 7,>7, — T,<T,
i —t
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Baseband Delay-Lock Tracking Loop (Cont.)

» There is a range of o near zero for which D,(0) is linearly
related to 0

— This range is selected as the normal operation region
— The slop of the discriminator S-curve near 0= 0 is
e 2(1+1/N) forall A,0 <A <2.0
— The linear range of d'is
¢ |0|<A2forA<L1
 0|<1T-ARforl1 <A<2
* Near 6= 0 (0<A/2), the time difference of

—c(t=T) & c(t=T, =34 T) is (B4 =0T,

—c(t-T,) &c(t—f"d+%Tc) is (5+%)Tc
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Baseband Delay-Lock Tracking Loop (Cont.)

N 1
Rc _(§_E)T | =1- ( ij(__é‘)
Rc_(§+%)T_ 1- ( ]UX(M_)
RlG-Ar R [(5+—)T}—25(1+ij
c 2 c c 2 c | = N
= slop = 2(1+ j
1 .
T //\\\ Rc[(é—%)TC}l—(H%jx(%—a)
1
1+— / __\
( Nj ’/ \Q Slop = —(1+1/N)
| / { \ .
—_— e X (%_5) —
Prof. Tsai -
Baseband DLL with AWGN

* Generally, the time-varying component of £(¢,7, N )

K,\JP/2N,(1,T,.T,)

can be ignored (filtered out by the loop filter)

— The self-noise power is at frequencies (high frequency)
outside the bandwidth of the tracking loop (baseband)
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Noncoherent Delay-Lock
Tracking Loop

Prof. Tsai

Noncoherent Delay-Lock Tracking Loop

» Two difficulties arise when the baseband DLL is applied to
actual spread-spectrum systems

— Since the tracking loop input is the spreading waveform c(¢):
* ¢(t) must be recovered from the carrier prior to code
tracking (received signal 7(¢) = d(?)xc(t))
—The received signal must be demodulated (to obtain the
spreading waveform c(¢)) prior to code tracking

A coherent carrier reference (for coherent demodulation)
must be generated prior to demodulation

— Since SS systems typically operate at very low SNR

—This demodulation and generation of carrier reference will
be difficult

* What if d(#)xc(¢) with d(t) = — 1 is used in the baseband DLL?
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Noncoherent Delay-Lock Tracking Loop (Cont.)

* Note that the baseband tracking loop analyzed previously has
ignored any data modulation

— Any communication system must convey information from
the transmitter to the receiver

—The carrier 1s modulated with the information

» The baseband loop would not function properly when the
received signal is d(¢ — T)) x c(t — T ) rather than c(zt — T)

* Hence, the noncoherent delay-lock tracking loop is applied
to actual spread-spectrum systems

— Neither of these difficulties are present for the noncoherent
delay-lock tracking loop

Prof. Tsai 31

Noncoherent Delay-Lock Tracking Loop (Cont.)

» The phase discriminator contains two energy detectors:
— Not sensitive to data modulation or carrier phase

—> The discriminator can ignore data modulation and
carrier phase

» A conceptual block diagram when the spreading modulation is
binary phase-shift keying is shown in Fig. 4-9
» The received signal is a data and spreading code-modulated
carrier with bandlimited AWGN
r(t)=~2Pc(t—T,)cos[(w,t +6,(t=T,)+ @+ n(t)

— @(t—T,) 1s the arbitrary data phase modulation, 7, is the
transmission delay, ¢ is the random received carrier phase,
@, 1s the carrier radian frequency, and n(#) is the noise
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Block Diagram of Noncoherent DLL

-
| Delay-lock discriminator |

I X: yl(t) IF bglri:fass Zl(t)= ()2 | Lowpass |
I B filter g IE(I, o ) Loop

I”(f) Power “a 1 (f ) 5 Filter |

1 divider 0

IF bgﬁceifass ZZ(t)' ( )2 L, Lowpass | + I

B filter

yz(t)

N

V(1)

divider oscillator

|
|
Power ‘b (t) Local :
I

~ A A
C(I_Td-'_ET‘) t—-T ——TJ
Spreading Spreading waveform clock Voltage-
Controlled |,
Waveform Oscill
generator scilfator
8.
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Noncoherent Delay-Lock Tracking Loop (Cont.)

* The received noise 1s assumed to be a bandlimited zero-mean
Gaussian noise with a two-sided power spectral density of N,/2

n(t) = \2n, (t) cos @, ()~ 21, () sin @, (¢)

— Where n/(¢) and n(?) are independent zero-mean low-pass
white Gaussian noise with a two-sided power spectral
density of N,/2

» The received signal is power divided and then correlated with
early and late spreading waveform modulated local oscillator
signals

b(t) =24/2K, cos[(@w, — @, )t + ¢']

— where @y 1s the intermediate radian frequency
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Noncoherent Delay-Lock Tracking Loop (Cont.)

(0 =2Ksete =T, + 5 1) cosl(@, -, )+ 41

()= 2Kyct=T, = T)cosl(@, ~ )t +

» Consider only the intermediate frequency terms:

y, () = \/Kch(t—Td)c(t—fd +%T0Jcos[a)mt+¢—¢'+(9d(t—Td)]
+\/En,(t)c(t—fd +%T6)cos(a}mt—¢’)

- Kan(t)c(t -7, +%T0)sin(a)ﬂpt—¢’)
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Noncoherent Delay-Lock Tracking Loop (Cont.)
», ()= \/Klpc(t_]—;i)c(t_f;l _%]::jcos[a)lFt+¢_¢’+gd(t_Td)]
+\/Enl(t)c(t—fd —%ﬂjcos(a}mt—qﬁ')

= Kan(t)c(t—fd—%chsin(a)mt—ﬁ)

» Define the noise components by

r K LA
n(t)= Tlc(l‘—Td +5chn’(t) carly

K ~ A
n,(t) = jc(t—Td—Echn'(t) late

n'(6) =~2n, (1) cos(@ypt = §') = 2ny () sin(@,.t - ¢)
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Noncoherent Delay-Lock Tracking Loop (Cont.)

* For high processing gains (data symbols do not impact the
correlator output), the only components of interest are

yl(t):JKch(t—Td)c(t—fd+§TC cos|wpt+p—¢'+0,(t-T,)]

y2<r>=\/K1Pc<r—Td>c[r—fd—%Tc coslayt +§—¢'+0,(:=T,)]

» The DC component of the spreading waveform product is the
autocorrelation function of the spreading waveform

()= KIPRC_<5+§)TC cos|@t+¢—¢'+0,(t-T,)]=x,(t)

(0= KIPRC_w—%)TC coslwyt +§=¢'+0,(t=T,) ]z, (1)

— where §=(1,-T,)/T.
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Noncoherent Delay-Lock Tracking Loop (Cont.)

» The signal component of the delay-lock discriminator output is:

g(ts 5) - [x22 (t) - x12 (t)]lowpass

1 e A | A
_EKIP{RC [(5 2)2} R {(5+2)Tc}}

— where

sl (i)l 3)
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Noncoherent Delay-Lock Tracking Loop (Cont.)

» For m-sequence spreading waveform with A > 1.0:

0 for —N+1+é<5£—(l+éj
2 2
- 12
%— 1+(1+Lj(5+é for — 1+é <5£—é
N | N 2)] 2 2
- 12
%— 1—(1+%)(5+%) for —%<§S—(l—§j
Di@=) 1Y Ja A A
) 1+_j 2_[1+_)A for _(1__)«53(1__)
N N 2 2
2
1+(1+L)(5—é) —Lz for (l—éj<5sé
N 2 N 2 2
2
{1—(1+% (5—%)} —% for é<§£1+é
Prof. Tsai 39

Noncoherent Delay-Lock Tracking Loop (Cont.)

» For m-sequence spreading waveform with A < 1.0:

0 for —N+1+é<5£—(1+éj
2 2

2
( LH for - (15 <o 5 3-1)
N 2 2
—2(1+LJA 1+(1+Lj5 for (é—1j<5£—é
N N 2 2
2—(1+i]A for —é<5£+é
N 2 2
A 1—(1+ij§ for é<§£(1—éj
i N 2 2
2
1—(1+i (5—3) —Lz for (l—é)<5s(l+éj
N 2 N 2 2
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Noncoherent Delay-Lock Tracking Loop (Cont.)

D, (%) bD,®)
1.0 — 10~
ost a-% 08} A= %
0.6 0.6}
04 04}
02} 02}

-0.0 -0.0

02} 02}

04} 04}

06| 06}

o038} 08}

-10 Il 1 1 1 1 1 1 18 _j0 1 1 1 1 1 1 1 18
-20 -15 -10 -05 00 05 1.0 15 20 -20 -15 -10 05 00 OS5 10 15 20
D,® D, (3

1.0 10,
0.8 0.8}
0.6 06}
04 04}
02 0.2

-0.0 -0.0

-0.2 —0.2}

04} 04}

-0.6 0.6}

-0.8 -0.8

-1.0 1 1 1 1 - 1 186 -10 1 1 1 1 1 1 138
-20 -15 -10 -05 00 05 1.0 15 20 -20 -15 -10 05 00 05 1.0 1s 20
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Noncoherent Delay-Lock Tracking Loop (Cont.)

* In the range near =0, D,(0) is a linear function of o

* The slope of D,(0) near 0= 0 1s a function of A and equals
zero when A=2.0

— A =2.0is never used for noncoherent delay-lock tracking
loop

Prof. Tsai 42




Tau-Dither Noncoherent
Tracking Loop

Prof. Tsai

Tau-Dither Noncoherent Tracking Loop

» The noncoherent delay-lock tracking loop 1s widely used.
However, it has two major problems:

— The early and late IF channels must be precisely amplitude
balanced

* If not, the discriminator characteristic 1s offset and does
not produce zero output when the tracking error is zero

— The DLL uses costly components somewhat freely
* The tau-dither tracking loop (TDL) solved these two problems:

— Time sharing a single correlation channel for both early
and late IF channels

— The price paid is slightly worst noise performance and
more difficult analysis
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Block Diagram of Tau-Dither Noncoherent DLL

| Dithering delay-lock discriminator

IF bandpass | Z (l‘ ) 5 le (f o ) Loop
N Lowpass ? -
filter 7 ( ) 1 filter et
B, | )
|
Local
oscillator - q(t )I
|
| | v(t)
+1 4%» —]e— q (t ) |
______________ -
ct-T, - A T, j
2
Spreading Spreading waveform clock CZﬁngfe'd
waveform oscillator  [*
generator g
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Tau-Dither Noncoherent Tracking Loop (Cont.)

» The discriminator has a single channel:

— Switched between use as an early correlator and use as a
late correlator by a switching signal ¢(7)

— The signal ¢(7) is a square wave of frequency f, which
takes on values of +1

* When ¢(¢) = —1, the correlator functions as a late
correlator

* When ¢(¢) = +1, the correlator functions as a early
correlator

— The signal ¢(¥) is also used to multiply the squaring circuit
output
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Tau-Dither Noncoherent Tracking Loop (Cont.)

» The input signal to the tau-dither loop is
r(t)=~2Pc(t—T,)cos[(w,t +6,(t=T,)+ ¢+ n(¢)
n(t)= \/En, (t)cosw,(t)— \/EnQ (1) sin w, ()

» The reference local oscillator output is
b(t)=2,/K, cos[(®w, —@,; )t +¢']
a(t) :21/ch(t—fd +q(t)§Tc)cos[(a)o —0, )+

* An equivalent two-channel discriminator: Fig. 4-15

— The output is switched between the early and late channels
b 1 1
A R0 QPR S )
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Equivalent Tau-Dither Noncoherent DLL

Equivalent Dithering delay-lock discriminator

|
: A®M’m b%gfass Z(t ) () o Lowpas

|
|
lo(c,5) [T

r(t) a(¢) N filler |-
IF band
(f ) ;m Pass| 7 (t ) ( )2 Lowpass A
ilter > ]
B filter
N
b(t ) Local
oscillator V(t)
A
t—T, — 5 TC j
. ltage-
Spreading Spreading waveform clock Votra%le d
waveform it
oscillator [
generator g
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Dithering Loop Switching Functions

+1 —
Q(t) 0 > !
-1
1 . . .
q,(1)
0 ; ; . ; > !
1
9,(t)
0 > t
T 2T, 3T, 4T,
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Tau-Dither Noncoherent Tracking Loop (Cont.)

(0 =2Ksete =T, + 5 1) cosl(@, o, )+ 41

~ A ,
a,(t) =2, K,c(t-T, _ETc)COS[(a)o —@Op )+ 9]
» The mixer output signals are

y(t)= 2K1PRC_(5+%)TC}COS[@1F1+¢—¢'+%(f—Td)]Exl(l‘)

7, ()= 2K1PRC_<5—§>n}cos[w,Ft+¢—¢'+9d(r—Td>]sx2<r)
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Tau-Dither Noncoherent Tracking Loop (Cont.)

» The signal component of the delay-lock discriminator output is:

£(1,8) =| X (g, ()~ x; (g, (1) |

lowpass

-{3lE0-x0]-e050 0]

| ) A 5 A
=5K1P{Rc [(5—?2}—& {(mzm}}

1 2| (54 2 (542
—Eq(t)KlP{Rc [(5 2)@}& [(5+ 2)4}

» The first term 1s identical to that of a Noncoherent Delay-
Lock Tracking Loop (4-50) and is the desired tracking error

lowpass
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Tau-Dither Noncoherent Tracking Loop (Cont.)

* The second term consists of harmonics of the dithering
frequency

 If the dithering frequency is significantly higher than the
bandwidth of the loop filter

— The second term is rejected by the loop filter

£(1.5) = %KIP{RCQ {(5%)@ R {(m%m}

1
Lk, (9)
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Double-Dither Noncoherent
Tracking Loop

Prof. Tsai

Double-Dither Noncoherent Tracking Loop

 In certain applications, the noise performance degradation of
the TDL loop relative to DLL is unacceptable

» The double-dither noncoherent tracking loop
— It can solve the gain-imbalance problem of the DLL
— The noise performance is the same as the DLL
— The price paid is increased hardware complexity

» Two channels are used in the double-dither tracking loop

» The use of each channel alternates between early and late
channel correlation
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Block Diagram of Double-Dither DLL

Double-dither delay-lock discriminator

|
| <><> M (t) IF bgﬁgf 458 Zl(t)' () |, [Lowpass
I”(t)l . B filter | -

N

Loop
Filter —

f0)

y2 (t‘) IF bgﬁgf)ass Z2 (t)' ( )2 _»Lowpass
filter

Power |, b (t) Local

divider | oscillator

+1
~ _A_ p N A_ _________
c[t—Td+—7;j/ cz-t—Td——Tv o
2 Spreading 2 Spreading waveform clock o
’ Controlled |,
Waveform |+ Oscill N
generator setator
g,
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Code Tracking Loops for
FH Systems

Prof. Tsai




Code Tracking Loops for FH Systems

» The noncoherent DLL can also be used in a frequency-hopping

spread-spectrum system

— Use the block diagram of noncoherent DLL in a direct

sequence spread-spectrum system, but with

» The phase modulators are replaced with frequency

synthesizers

» The spreading waveform generator is replaced with a

spreading code generator (the output is a digital signal
which controls the frequency of the synthesizer)

Prof. Tsai

Block Diagram of Noncoherent DLL for FHSS

\‘

filter

: bg (t) IF bandpass
>< B

N

R ( )2 | Lowpass

filter

QL Power “al (¢)

divider

L |

Y, (t) IF bandpass
filter

B

N

Lowpass

A\ 4
—
~—

©

filter

Early
reference ™\

Late

/reference

Local
oscillator

I
I
I
I
I
I
I
L_—

Spreading

Spreading waveform clock

6‘(2‘,5) Loop

Filter |-

)

v(t)

Voltage-
Controlled

code N
generator

Oscillator

&,

&
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Code Tracking Loops for FH Systems (Cont.)

» The received signal is

r(t):ﬁco{woﬁ S (0,646, ), (=T, 1T }+0,(1—T, )}

n=—0

+\/§n, (t)cosa)ot—\/zng (t)sinw,t
— (wy+ w,) 1s the transmission frequency during time interval n
— ¢, 1s the frequency synthesizer random phase
— @,(?) 1s the arbitrary data phase modulation

» The reference signal a,(¢) and a,(¢) are frequency hopped using
the same hop pattern as used in the transmitter
— Offset in phase from the receiver estimate of the
transmission delay 7, by £A/2 chip (a chip is the frequency-
hop dwell time 7))
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Code Tracking Loops for FH Systems (Cont.)

a)o + 0)8__

@, + O+

@, + Ot

a)o + a)s__

@, + Ot

0)0 + a)3__

a)o + 0)2__

@, + o+

——fe—
A2 A)2 T
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Code Tracking Loops for FH Systems (Cont.)

a,(t)= 2\/7(:0{ Wy + o) t+i(a)nt+¢,;)pn (t—fd +%Tc—nch

a,(t)= 2\/700{ (0, + ) t+§:(a)nt+¢,;)pn (t—fd—%Tc—nch

— K, is the mixer conversion loss

— @' 1s the receiver frequency synthesizer random phase
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Code Tracking Loops for FH Systems (Cont.)

* The channel mixer output signal is (the sum frequency terms
will be rejected by IF filter)

f cos(x—y) C}‘»@/er) rejected

o0

yl(t):w/Kchos{a),Ft Z(cont+¢ pT (t—T,-nT,)-0,(t-T,)

n=—0

+S (o,t+¢.)p; (t T+§T mTﬂ

m

+\/Zn,(t)cos Wt + i (a)nt+¢,;)pTc t—f"d +%Tc —nT,

| $ s A
K ny(t)sin| oyt + Y (o0 +4))p, | -1, +5Tc—n7;
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Code Tracking Loops for FH Systems (Cont.)

a)IF + 0)8—-

~ A
W + W51 pTc(t_Td +5Tc —I’chj 7

a)IF + C()g-

C()]F + 0)5——

pTc(t_Td _nTc)

@Oy + O (From received signal)

v
@, + @5

O + @5

Ct)[F + Ct)l——
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Code Tracking Loops for FH Systems (Cont.)

» The signal component is centered on the IF only when
- p (t-T,—nT)) and p, (t—f"d +(A/2)T, —mTc) overlap
— Overlap occurs on every hop interval

* When no overlap occurs, the signal component is translated to
a frequency that will not pass the IF filter (can be ignored)

» The signal component may be replaced by an equivalent
pulsed signal:

. u ~ A
yl(t):\/KlPZpTc (t_Td_nT;)pTc (t_Td‘FETc_nch

n=—0

xcos[a)[Ft—(¢n -¢4)-0, (t—Td)}
+ \/?1”11 (t)cos w, .t — \/Enlg (t)sin w,,t
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Code Tracking Loops for FH Systems (Cont.)

' [ C ~ A
»(0)=yKP Z Pr, (t-T, _”Tc)prc (t_Td _ETC_”TCJ

xcos[a),Ft—(qﬁn -¢4)-0, (t—Td)]
+ \/?1”21 (t)cos .t — \/Enzg (t)sin w,.t

» The A is limited to 1.0 = the early and late reference signals
are never simultaneously at the same frequency

—> The early and late channel noise processes come from
different band and are therefore independent
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Early Channel Mixer Input

Frequency 1 W, + @, + O,

22/

|
|
|
/ |
Y77/ Early
: @)+ O, + @, : reference
o, +0 +w | Late

|
|
| 0 2 : 0 5
L m : W Received
|
|

signal
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Early Channel Mlxer Output

Y

| Py .,

! ' Mixer

WM O /%% ////// 27} _output

|
|
|
|
|
)
|
|
|
|

IF filter

[
[
[
[
[
[
[
[
[
[
[
|
[
[
:
0 Tc 2T, 3T, 4T, ST,
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» Time

Code Tracking Loops for FH Systems (Cont.)

* The discriminator output is

8(1,5)=%K1P|:i Pr (t—Td—nTc)pT (t T, ——T—nTj

—ZthT mT)pT(t T, +— T —mT ﬂ

m=—oo

+ 2K, P cos| 0, (t=T,) || n), () B, (1) - n”(t),b’z(t)]
+ 2K, Psin[ 0, (t-T,) ][ n3, (1) By(6) = nf, () B,(1) |
+2K,Psin[ 0, (t=T,) ][ n3, () B,(t) = nip (1) B, (D) |
— 2K, P cos[ 0, (t=T,) ][ n3,(t) B5 (1) = nfy () B,(1) ]
+[n8, 0] +[nl0] ~[n 0] ~[n,0]
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Code Tracking Loops for FH Systems (Cont.)

 The DC component is

e o

+./2K1Pcos[6?d T,)—p(t) |, ()
+\2K,Psin[ 0, (t—T,) - ¢(t) | nf, (1)
t[ns, 0] +[nl@ ] =[] ~[n® ]

— where 0

forz <-T,
%H.O for =T, <7<0

Ry (7)=1 <
—?+1.0 for0<7z<T,

0 ) for7T <t
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Normalized S-curve for the Noncoherent CTL
D, (8)

LS

-1.0 1.0

—-1.0 e
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Block Diagram of Noncoherent DLL (Slow FH)

* For a slow FH system, the dithering concept can be used

— To solve the gain-imbalance problem of the DLL and
— To reduce the hardware complexity

IF bandpass I Loop
filter o (V- X £(t,9) Filter |-
BN filter . f(t)

Local

I
I
I
oscillator I V(t )
Jd

Voltage-
Controlled |,
Oscillator

8.

Spreading Spreading waveform clock
code
generator
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Dehopping Mixer Input

Reference
T O signal

.
.

Received
W, + o signal

.
§e
.
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Dehopping Mixer Output

Early %
%

I, 22, 9727\ wise

output

Late

%

fefefelolelolel]s]

+_1 ——L T q(t)

Prof. Tsai 73




