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ABSTRACT

The GPS and GALILEO systems will take advantage of
new signal modulations such as Binary Offset Carrier
(BOC) that uses a square wave sub-carrier to create
separate spectra on each side of the transmitted carrier.
That signal could share the existing frequency bands with
each other while reserving the spectrum, it provides
spectral isolation and leads to significant improvements in



terms of tracking, interference and multipath mitigation.
As this BOC modulation, along with a modified version
called alternate BOC (ALTBOC), is a serious candidate
for GALILEO and GPS, it is important to understand all
characteristics of this signal, in order to conduct several
studies like payload design, receiver implementation,
performance and robustness evaluation. One of the
aspects of this signal is the power spectrum density that
impacts all characteristics presented above.

The aim of this paper is, in a first part, to review the
currently admitted BOC power spectrum density
theoretical expressions, and to discuss a deviation of the
assumptions necessary for the derivation of these classical
theoretical expressions w.r.t to the reality of these signals.
Then, a second objective is to present theoretical
expressions of ALTBOC and constant envelope ALTBOC
power spectrum densities.

First the paper recalls the formal expressions of the
different possible offset carrier modulations: BOC,
ALTBOC and constant envelop ALTBOC signals in the
time domain. Then, the assumptions for the development
of the classical power spectrum density calculation are
clearly laid down. Next, it is shown that in the case of odd
ratio (2*f/f.) BOC signals, these assumptions, and
particularly the fact that the BOC square sub-carrier can
be incorporated in the chip waveform, are not met. Then,
we show that, for these calculation assumptions to be met
in that case of odd ratio BOC, it is equivalent to modify
the code sequence. Finally, with this view, the obtained
power spectrum density is the same as the one obtained
with the classical theory, due to the negligible effect of
the code sequence correlation values. Finally, we present
the theoretical expressions of the ALTBOC and constant
envelope ALTBOC power spectrum densities.

I. INTRODUCTION

The modernization of the Global Positioning System
(GPS) and the development of the Galileo System have
led to design new signals to provide different services to a
variety of users.
The most important innovation used for these signals is
the Binary Offset Carrier (BOC) modulation because it
significantly improves the performance obtained until
then in the radionavigation system. This modulation is
candidate for the new GPS military signal, the M-code.
But it is also candidate for many signals in the future
Galileo system:

- in L1 band (1559-1592 MHz) a BOC signal

would transmit the Open Service signal and the

Public Regulated Services signal.

- in E6 band (1215-1300 MHz) the Public

Regulated Services signal would also be transmitted

with a BOC.
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In E5a/ESb frequency (1164-1215 MHz) a modified BOC
signal, called Alternate BOC (ALTBOC), is proposed.
This signal is interesting because it provides spectral
isolation between components of a same composite
signal. Moreover with this signal, it is also possible to
track the upper and the lower signals as independent
BPSK signals.

The study of the performance of these two waveforms
(BOC and ALTBOC) is based on the study of their power
spectrum densities which are the subject of this paper.

The first part describes the BOC, ALTBOC and constant
envelope ALTBOC signals. The odd case (n=2f/f, is odd)
is carefully examined because in this case the sub-carrier
is not considered included in the chip waveform. Then a
discussion is conducted on the assumptions made for the
development of the classical power spectrum density
expressions. It is shown that these assumptions are correct
if a modification is made on the code sequence for the
odd case. Finally, while taking into account this point, the
expressions of the power spectrum densities of the BOC,
ALTBOC and constant envelope ALTBOC signals are
given.

II. OFFSET CARRIER SIGNALS
BOC Signal Definition

In the literature two notations are used to define the BOC
signal.

The first model defines the BOC signal as the product of a
materialized code with a sub-carrier which is equal to the
sign of a sine or a cosine waveform. It is presented in
[Betz, 2001], [Ries and al., 2003] and [Godet, 2001]. In
this case if c(t) is the code sequence waveform and f; the
sub-carrier frequency, the expression of the sine-phased
BOC signal is:

x(t) =c(t) [sign(sin(,’zlfst))
with (M

c(t)=) ¢, h(t=kT,)

h(t) is the code materialization, it is a NRZ materialization
equal to 1 over [0, T.] and 0 everywhere else.

The second model defines the BOC signal by the
following equation:

x(t)= ¢, pt —kT.) 6)

with p(t) broken up into n rectangular pulses of duration
T/n with amplitudes of +/- 1. In this case the sine-phased
or cosine-phased sub-carrier is considered as a part of the
chip waveform. It is presented in [Pratt and Owen, 2003]
and [Betz, 2001].



In the two cases BOC signals are commonly referred to
BOC(p,q). The first parameter p defines the sub-carrier
rate and the second parameter q defines the spreading
code rate:

f.=p0.023 MHz and ¢ =40.023 MHz

/

Theratio p =225 = 2£ is the number of half periods of
fo 4

the sub-carrier during one code chip. This ratio can be

odd or even.

The two models presented above are identical if the ratio
n is even. In fact if n is even it is true to consider that the
sub-carrier is included in the chip waveform. However it
is false to consider such a thing if n is odd. The example
presented below shows clearly that these two conventions
lead to different time series if n is odd.

Example:

We consider:
- acode sequence equal to : {1,-1,-1,1}
- a square sub-carrier which is sine-phased and
with Zfs/fcz 3.

It is represented by this scheme:

4

1 rtrrrirrrrt]e
Ny I [ U By Iy I g

«—>
Tc

If the BOC signal is written as (1), the scheme
represented this signal is:

X(t)T_I C ][]

—

(L g g

On the other hand, if we consider that the sub-carrier is
included in the chip waveform and that the BOC signal
can be written as (2), we have:

p(®

I_I >

][]

x(t)
ﬁu'_'u

polarity inversion every 2 bits.

L L
Both signals obtained are different. Indeed, there is a
If n is odd a modification must be made on the time series
if we want to consider that the sub-carrier is included in
the code materialization. We have, in [Betz, 2001]:
3

Presented at ION GNSS 2005, San Diego

x(t) = Y e, h(t = kT,) Gign(sin(277,))

)

xX(1) =D (D¢, p, (1 =kT,) nodd (3)

n-l

with p, =Y (=1)"h, (t—m%)
2

m=0

A (-1)* term is introduced. This introduction is in fact
equivalent to a modification of the PRN code sequence,
becoming now (-1)c, and not ¢,. Consequently in the
case n odd if we want to consider that the sub-carrier is
included in the chip waveform a modification must be
made on the code sequence to obtain the same time
domain expression as (1). It is quite easy to go from one
convention to the other but this point is quite important
because a receiver adapted to one convention would
suffer large losses in receiving signal using the other
convention.

After discussions with the recognized experts in the
domain and according to us, the first convention is the
most suitable definition if we want to stick to the original
BOC definition. Afterwards we assume that the BOC
signal is defined by the first notation whatever the parity
of n.

Alternate BOC Signal Definition

Contrary to the BOC signal the ALTBOC signal provides
spectral isolation between the two upper and lower
components of a same composite signal. This signal
allows keeping the BOC implementation simplicity while
permitting to differentiate the lobes.

The idea of Alternate BOC modulation is to perform the
same process as BOC modulation but the sub-carrier used
is a “complex” sub-carrier. In that way, the signal
spectrum is not split up, but only shifted to higher
frequencies. Shifting to lower frequencies is obviously
also possible.

As for the BOC signal the problem of notation could exist
but in [Ries and al., 2003] the ALTBOC signal is clearly
defined as the product of a PRN code sequence with a
“complex” sub-carrier. The ALTBOC signal can be
composed of two or four codes. If there are two codes
there is no pilot component and the expression of the
signal is:

xALTiBOC(t) =c, () Ler(t) +c, (t) [&r ()
with

er(t) = sign[cos277 )| + j Bign[sin277,0)] = ¢, (6) + j 3, (1)
c, is the upper code and c; the lower code.



If a pilot channel is introduced, four codes are needed and
the expression of the ALTBOC signal is:

Xur_poc(t) = (Cu +j|]7;)|}7’(t) +(CL +j @;)Eér*(t)
with

er(t) = sign[cos277,t)| + j Bign[sin277,1)] = ¢, (t) + j 3, (1)

c, is the data upper code, ¢,’ the pilot upper code, ¢ the
data lower code and c;’ the pilot lower code.

But in this case the signal doesn’t have a constant
envelope and thus may be distorted within the satellite
payload due to non-linear amplification. That’s why an
innovation was proposed in [Godet, 2001] in order to
create a constant envelope signal which is as close as
possible to the ALTBOC signal. The innovation
introduces new terms which can be compared to
intermodulation products. The expression of the new
signal obtained, called constant envelope ALTBOC, is
presented in [Soellner and Erhard, 2003]:

(cL +jEt:'L)[Escm(t)—jE+c [t %)
(cu+jDr'U)EEsc 0+ Be, (r %
(q+jm;)tﬁscu,)(r) e, (17
Ts
4

(cu+jDr;,)EEsc )+ ) e, (r

Xar BOC )=

with

¢, =cyeycy

¢, =cycyc, cy =cepc

and

SCs (t) -

Qszgn cos| Zlfgt S 1szgn cos 27]‘"5 ))
4 4 2
V2

— cos 2 i+

L Sen s 4

- \fsign[cos(ﬂfst - ZJJ + %sign(cos(szgt)) -

fsign[cos[ﬂfgt + ZD

8¢, (1) =
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Shapes of sub-carrier functions SCas and SCap
1.5 T T T T T T T T

— SCap :
— GCas | i

--------------------------------------------------------------

i ‘ i
0.1 02 03 0.4 05 0& 07 0.8 09 1
tits

Fig. 1: Shapes of sub-carriers Scas and SCap
Finally the constant envelope ALTBOC signal is a
classical 8-PSK modulation with a non-constant

allocation of the 8 phase-states.

As the BOC signal, the ALTBOC is generally referred to
an ALTBOC(p,q) with:

f.=p0.023 MHz and £ =40.023 MHz

III. POWER SPECTRUM DENSITY OF THE BOC
SIGNAL

Assumptions

If we consider a stationary signal:
s(t)=Y ¢, p(t —kT. - 6) (4)
k

with ¢, the digital code sequence considered as random
and non-periodic, p(t) the materialization waveform, T,
the code period and O a variable which is uniformly
distributed on T..

The autocorrelation function of this signal is:

eos «-0]= L3 Hoc s E{P(f . ~6) }

(t-nT.-0-1)

. p(t—kT, =
Es(t)s*(z—r)]:ZDC(m)xizj‘pft M=)
m T; k 0 p

Efsts’«-1)= %ch(m) x0 (7 =mT))

(t—-1-kT, +mT, —O)dt



The power spectrum density of s(t) is the Fourier
Transform of the autocorrelation of s(t):

Gs(f):FT{TlZD(,(m)xDp(T-mTc)}

c m

G, (f)= TL Z 0. (m) [I]‘D(f)‘z o2,

c m

G.(f)= Ti POPS. (™)

with P(f) the Fourier Transform of the waveform p(t).

If the code sequence is binary, equiprobable and
independent, the power spectrum density is equal to:

[P
T

c

G(f)=

The BOC signal is regarded as stationary signal. The PRN
code sequence is considered random, non periodic,
identically  distributed, binary, equiprobable and
independent. Consequently this formula can be used to
calculate the power spectrum density of the BOC signal if
the BOC time domain expression is similar to (4). To
have a signal similar to (4), the sub-carrier must be
included in the chip waveform.

We have seen in the previous section that if n is even
there is no problem because the materialization of the
signal is equal to the sub-carrier over [0,T.]. In this case
the expression of the signal is:

neven (5)

s(t) =Y c,p; (t=kT)

n-l

with p, =3 (= 1)”’h (t=m )

m=0

h is the code materialization, it is equal to 1 over [0,Ty/2] .

But as shown before if n is odd a modification on the
PRN code sequence must be made if we want to consider
that the sub-carrier is included in the code materialization.
Nevertheless this PRN code modification has no impact
on the final expression of the power spectrum density of
the BOC signal if the new PRN code can be assumed to
be an independent sequence over time. This assumption is
true for most of the PRN sequences used in GNSS up to
now. So this theory can be used to calculate the power
spectrum density of the BOC signal. However it would be
wrong to use this theory with short codes.
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Expressions of the Power Spectrum Densities

If the BOC signal is sine-phased, the normalized power
spectrum densities are equal to:

Groe (f) =— Sm(lﬂ it | forn even
BOC T oo 7T ]

Gpoc (f) = L - ]7';]1 et | for n odd
BoC T N COS(%)

And if the BOC signal is cosine-phased the expressions
are:

2

Guoc(f) = Ti sm(l]‘ ()T {cos[l]‘ Ej - 1} for n even
¢ ifcos(lf £ j "
n
Gpoc(f) = Ti COS(II(])"{COS[#]:) - 1} for n odd
¢ lfcos[rf < j "
n

IV. POWER SPECTRUM DENSITY OF THE
ALTBOC SIGNAL

The study is made on the ALTBOC signal with four codes
and the power spectrum densities are calculated for the
ALTBOC with a non constant envelope and for the
ALTBOC with a constant envelope.

Assumptions

The assumptions are the same as these made to calculate
the power spectrum density of the BOC signal. The
ALTBOC signals are regarded as stationary signals. The
different PRN code sequences are considered identically
distributed and independent. The most interesting
ALTBOC signal is the ALTBOC(15,10) because it is
proposed for the Galileo E5a/ESb  frequency.
Consequently the calculation of the power spectrum
density will be made considering n odd and n even but the
curves will be only plotted for n odd. The theory used to
calculate the power spectrum density of the ALTBOC
signal will be the same as the one used to calculate the
power spectral density of the BOC signal. So, a
modification will be made on each code sequence in order



to be able to consider that the sub-carrier is included in
the chip waveform in the case n odd.

Power Spectrum Density of the ALTBOC signal
The ALTBOC is equal to:
Xz _poc (1) = Cy () Un(2) +C (1) L)
with Co(O=c,(0+j2,(0)
Co=c, (+jle, (1)

m(t) = a(t) + j 1b(¢) = signcos27yt)| + j Lsign[sin27f 1)
n(t) = a(t) - j [b(2) = sign[cos(277t)| - j Bign[sin(277,)]
The autocorrelation of the ALTBOC is equal to:
K, (DK, (D+K, (DK, (1) +
K, (DK, (D+K (DK, (1)+
K. (r)= ! !

e K, (DK, ([@0)+K, (DK, (T)+

K. (DK, (D)+K, (1)K, (T)

assuming that the crosscorrelation between the different

codes is equal to zero. Moreover the complex
crosscorrelation cancel each other out.

So, the power spectrum density of the signal is equal to:
4 4
Goumoc () = AN +—|BONT

with A(f) and B(f) the Fourier Transforms of
sign[cos(2xnfit)] and sign[sin(2aft)].

The first case studied is the case n even. In [Pratt and
Owen, 2003] and [Betz, 2001] it is demonstrated that:

A" =|Frsign(cos(2rs0))]®

ot ] ) )
cos[lf”j
n

and

‘ 2

(B =|FT]sign(sin(271))]
Jz sin(l;iTC )2 sin(l]‘”T”j

os(lf TCJ
n

2 1
B = —
1B(S) ( -
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Consequently, for n even:

8 sin(gT) [ _ T,
7T2f2TL, = {1 cos(lf . j}
cos(lfcj

n

G yimpoc () =

If n is odd, we have:

14" =|FT[sign(cos(2 )]’

) =[1] cosla.) {co{,ﬂj_l}
7 T n
cos[lf 0)

n
and

B(f)" =|FTsign(sin(277;1))]”

L) cos(l}‘TC)2 sin[lfT”)
B = [,f] -
cos(l]’fj
n

Finally the normalized power spectrum density of the
ALTBOC with a non constant envelope and with n odd is:

el o)
Tcﬂlfz ( T,jz {1 coslfn
co

G imoc (f) =

s| 71—

n

The next graph represents the power spectrum densities of
the ALTBOC(15,10) with a non constant envelope
computed with the expression above and with MATLAB
simulations.

P50 of ALTBOC(15,10) with a non constant envelope

— simulation

amplitude [dBW]

£ -4 2 0 2 4 B
frequency [Hz] w10

Fig. 2: Power Spectrum Density of the ALTBOC(15,10)



Power Spectrum Density of the ALTBOC signal with a
constant envelope

The calculation of the power spectrum density of the
ALTBOC with a constant envelope is based on the
calculation made in [Betz, 2001] to calculate the power
spectrum density of the BOC signal.

The appendix shows that for n odd the normalized power
spectrum density of the ALTBOC signal with a constant
envelope is:

of T I
. cosz(lﬂ’c) cos (7]‘5] cos[lf 2]
TrL. COSZ[W%J —2005[7]‘%jcos(7_f T:j+2

G irrsoc(f) =

The next graph represents the power spectrum densities of
the ALTBOC(15,10) with a constant envelope calculated
with the expression above and with MATLAB
simulations.

PSD of ALTBOC(15,10) with & constant envelope

— simulation
— theory

amplitude [dBW]

e -4 2 0 2 4 5
fraquency [Hz] w10

Fig. 3: Power Spectrum Density of the constant envelope
ALTBOC(15,10)

A comparison can be made between the spectrum of the
ALTBOC and the spectrum of the constant envelope
ALTBOC.
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P30 of the ALTEOC(1S,10) and PSD of the constant envelope ALTEOC(15,10)
&0

T T
: : | m—ATBOC
B T CRCT TR CEEPLRERE gy -----+ — constant envelope ALTBOC

L N A N i S
B e PR A4

anleetff A A

B A R

amplitude [dBYW]|

] AN S -
] [ ] e R
ol

105 oA s mae| SEEESREE SR ¥ e

-110

fregquency [Hz] w10

Fig. 4: Comparison of Power Spectrum Densities

The spectra of the ALTBOC signal and constant envelope
ALTBOC signal have similar main-lobes and first side-
lobes, even if the central lobe of the constant envelope
ALTBOC is | dB weaker than this of the ALTBOC.
However their further side-lobes are different. This
difference is due to the modification made in order to
obtain a constant envelope. Indeed the transformation
made on the time domain ALTBOC signal expression
added spectral lines.

In the Galileo system these spectral lines would be
filtered by the RF filter after the amplifier and the two
signals would, finally, have very close shapes.

V. CONCLUSION

This paper has provided two main points. First it has
underlined the problem of convention concerning the time
domain expression of the BOC signal in the case n=2f/f
odd. Indeed the two conventions are equivalent if n is
even but if n is odd a modification must be made on the
code sequence to consider that the sub-carrier is included
in the chip waveform. Fortunately the properties of the
PRN code sequence used in GNSS permit to neglect this
modification on the code and the classical expressions of
the power spectrum densities can be used.

Secondly the expressions of the power spectrum densities
of the ALTBOC and the constant envelope ALTBOC
signal have been presented. A particular attention is made
on the ALTBOC(15,10) which is candidate for Galileo
ESa/ESb  frequency band. The constant envelope
ALTBOC signal is very interesting because it provides
spectral isolation between the two upper and lower
components of a same composite signal. By this way it is
possible to track each component separately or together.



APPENDIX
CALCULATION OF THE ALTBOC SIGNAL WITH
A CONSTANT ENVELOPE

The ALTBOC signal with a constant envelope is
expressed as:

cse, (1) = j &Lscus(t -

|5

: . T
j + ) e, (0 + cLscm[t - ;] +

T : : T
e ) 0 - 2
X (1) =
ALT _BOC () o — TS o — TS
s, (t) = jLegse,,| t = vy +j Leyse,, () +epsc,, | t = vy +
— — T: — - T
cyse,, () + j D:L,scﬂp[t - ij +j Leyse,, (0) = cL,scup(t - TSJ
Ts
We note sc,, _1=sc, (1), sc, 2=sc, [t )

SC,, _1 =sc,, (t) and 5C,, 2 =sc,, (t —Tj .
Different terms of crosscorrelation must be taken into
account and analyzed. The code sequences are
independent, so the crosscorrelation between two
different codes is equal to zero. Consequently, all the
crosscorrelation terms in which the crosscorrelation
between two different codes appears are null. Other
crosscorrelation  terms are  null  because  the
crosscorrelation between the different sub-carrier (sc,, and
SCyp) 1s equal to zero. The last crosscorrelation terms are
complex. Fortunately they cancel each other out.

The correlation function of the constant envelope
ALTBOC signal is equal to:

D CpSCys 71(’-) + D € SCyq 72(’-) + D ¢ sc 1 (r) + Dc' sc.. 2 (T) +
1 (T) + D €,5C, 2 (r) + D "LSC{.\- 1 (T) + D ‘}‘45‘}.\- 2 (r) +
cpsc, 1 (r) + D Cp8Cye 2 (r) + D g‘l $Co 1 (r) + D c 2 (T) +

"1 5Cs —

e, 1(D+0g,, -@+0. ((@O+0. (D)

CUSCM —

D=1

Cu Sl.’m

As the autocorrelations of the different codes are equal,
we obtained:

~gsC, _100f + % isc,. 20/

GALTiBOC(f) = C4 . 4 ,
+-lisC, 1) +-thsC,, _2(1)

with SCys_1(f), SCys_2 (f), SCyp,_1 (f) and SC,s_2 (f) the
Fourier Transform of sc,_1(t), scus_2 (1), scyy 1 (t) and
SCap_2(t) over [0,T].
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Beginning with the calculation of the Fourier Transform
of'sc,_1 over [0,T.]:

n—1 T
sc,, l(t)= Z(—l)m’un /2[1 - mij
m=0

with
J2 +1 _O Ts}
2 |8

1 [T, T,

2 _8’4}

ﬂr\/z(t)— 1 _Ts 3T5
2 48 }

_W2+1 [3T, T,
2 |8 ’2}

Before calculating the Fourier Transform of sc,,_1(t) the
calculation of the Fourier Transform of pg,(t) is
necessary.

T
(m+1)—=-
IV _ ¢° T 2m
FT{’UT\/Z(I_mzj}_ J;v ﬂr\/z[t_mzjl} dt
"y
L A
ZJ‘8 2+1@72""’dt+ 2I4l|}—2jnidt
¢ b 2 mL+LZ
s — 2 28
FT{/jﬂ /z(f —mzj} = nn nn
_ zj‘xl@ﬂ/'ﬁd[_ ZJ‘X\/E-"I@*Z/md
T, T, 2
"2y "

So the Fourier Transform of sc,s_1(t) is :

e—jrf%‘ - (\/E + l)cos[lf'%j
2j1r

- T,
al 2
—1) e

SC“S 71(.fl) == T 2
+4/2 cos(i]‘"jj +1 |

For n odd we have:

T
"z*i - l)me—z./zrm% _ e*/(n*l)zf% Cos(n]fzj

m=0 cos[lf T;j



So,

—mn‘— cos[nlf 2] V2 +1 [ 7;]

21 cos[lfg‘) 2 cos[lfﬁ}

Finally if n is odd,

RGEES

,_

2+1

N\ﬂ

&l

cos’(7T.) |
mf? Cosz(,f]};cj 2cos(7f

sC,, 1) =

j |

The same calculation are made for SC,s_2 (f), SCy,_1 ()
and SC,_2 ().

sen 20= (1) yw[t _ msz

m=0
with
[T
1 oL
2 |8
L= V2 +1 [T, 3T,
e 2 |87 8
1 3T, T,
2 | 872
T,
(m+1)—

T, ’ T v
FT{ﬂrs/z(f_mgj}Z J; /sz/z(t_m?‘vj@iz”mdt

2

T
P - jsin| 77 ==
T 62/112 -l / [ 2
FT fy p|t—m— |y =—————[& 2

ek —]\/Esm[

So the Fourier Transform of sc,s_2(t) is :

<t mzr cos| n 2 {sin(7f>7;j+ 2sin(7f7;
21 COS( vy ) 2 4
2

And if n is odd,

e L

Isc, 201 =
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Continuing with the calculation of the Fourier Transform
of SCyp_1 (f),

n-l T
se,, (1) =Z<—1>"'ﬂn,z[z -m= j
m=0

with
_‘/5_1 _() L
2 |8
1 T T
0= 2 1874
Hroo 1 [T, 3T,
2 |47 8
J2-1 31, T,
2 | 872
T,
ry T T
FT{,UTS/Z[t_mzj} I Hr, /2( Ej Ce™/™dt

,,,7

2

-2, I (\/E - l)cos(if%j
FT{,uT\ /z[t —ij} == raAE]
i —\/Ecos(if%jﬂ

So the Fourier Transform of sc,,_1(t) is :

_,nnf cos(mf 2) (\E—l)cos(;fzsj

1= 2 i T, T,
J cos(lfg) —\/Ecos(lf £j+1
And if n is odd,
7; 2
sc, 1 = cos’ (11T, (2 l)cos(zf?j

T
4722f [,ficj —ﬁcos(7'£j+1
n 4
To finish with the calculation of the Fourier Transform,

m=0

n—1 T
Scap _2(t) = Z(_l)mluf‘./Z[t -m 2Vj

with



T
1 0,
2 |8
| N2-1 0 [T, 3T,
Hyr 2 (1) =4~ 5 33
1 (3T, T,
2 | 872
T
e T
FT{,UT\ z(t—m?‘)}= [ w z[t—m?‘)@_zﬂﬁdt
T,
"7
ol

FT{/IT\ /z(t —mg)} =-£ @_,ﬂj{—jsin(lf%) +j\/§sin(7f%ﬂ

2 2j1f

So the Fourier Transform of sc,, 2(t) is :

T, T
- cos[nlf—‘) T ’
e ot )

2 cos(lf E)
2
And if n is odd,

\SCMJ(./")\Z _ 1 cos (lch)

7=

n

Finally, the normalized power spectrum density of the
ALTBOC signal with a constant envelope is if n odd:

of 1) T
cosz(lﬂ"c) cos [ly‘ 2} cos[lf j
f7, cosz[if%j —ZCOS[d%jcos[if j+2

N oS

G moc(f) =

N
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