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(57) Abréegée/Abstract:

Disclosed are a method and apparatus for receiving a TD-ARBOC signal, belonging to the field of global satellite navigation. The
method of the Invention includes the following steps: converting a TD-ARBOC radio frequency signal into an intermediate-
frequency and band-pass filtered signal and sampling same, and a local carrier being used for stripping a sampled signal carrier so
as to obtain a sampled baseband signal; correlating a local waveform to the sampled baseband signal chip-by-chip In a time
division manner; performing data demodulation according to a related output signal, and acquiring a carrier phase deviatior
estimation value and a code phase deviation estimation value according to the related output signal; generating the local waveformr
according to the code phase deviation estimation value; and generating the local carrier according to the carrier phase deviatior
estimation value. The present invention also achieves a receiving apparatus for a TD-ARBOC signal. The technical solution of the
present invention Is easy to implement, the recelving complexity Is reduced, and hardware resources are saved.
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(57) Abstract: Disclosed are a method and apparatus for receiving a TD-AItBOC
signal, belonging to the field of global satellite navigation. The method of the in-
vention includes the following steps: converting a TD-AItBOC radio frequency
signal into an intermediate-frequency and band-pass filtered signal and sampling
same, and a local carrier being used for stripping a sampled signal carrier so as
to obtain a sampled baseband signal; correlating a local wavetform to the sampled
baseband signal chip-by-chip m a time division manner; performing data demod-
ulation according to a related output signal, and acquiring a carrier phase devia-
tion estimation value and a code phase deviation estimation value according to the
related output signal; generating the local waveform according to the code phase
deviation estimation value; and generating the local carrier according to the carrier
phase deviation estimation value. The present invention also achieves a receiving
apparatus for a TD-AItBOC signal. The technical solution of the present invention
1s easy to implement, the receiving complexity is reduced, and hardware resources

are saved.
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METHOD AND APPARATUS FOR RECEIVING TD-ALTBOC SIGNAL

BACKGROUND OF THE INVENTION
1. Field of the Invention
[0001] The invention belongs to the field of global satellite navigation, and more particularly,
relates to a method and an apparatus for receiving TD-AItBOC signal.
2. Description of Related Art
[0002] B2 frequency band of COMPASS navigation system includes two sub-bands B2a and
B2b; B2a is a lower sideband with center frequency at 1176.45MHz, which 1s the same
frequency as carrier of GPS L5C; B2b 1s an upper sideband with center frequency at
1207.14MHz, which is the same frequency as B2 signal of COMPASS navigation system.
[0003] Since AItBOC modulation is able to carry different services on the upper and lower
sidebands, not only can signals of each single sideband be received and processed independently
to achieve performance identical to the traditional BPSK signal, but also be received and
processed coherently to achieve better positioning accuracy. Therefore, it 1s adopted as a
navigation signal modulation in GalileoE5a and E5b frequency bands. AItBOC (15,10)
modulation that adopts center frequency at 1191.795 MHz 1s feasible to achieve good

interoperability with GalileoE5 and GPSLS signals, and also take the signal compatibility issue

with B2 signal into account for COMPANSS regional system.

[0004] With introduction of product terms to realize a four signal constant envelope AltBOC
modulation, the multiplexing efficiency 1s decreased to degrade the signal performance to a
certain extent. The invention “Method for modulating navigation signal” laid open by
Huazhong University of Science and Tech in April 2011 provides a method called TD-AItBOC

navigation signal modulation. In comparison with AItBOC modulation, since a chip-by-chip
-1-
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time division multiplexing method i1s adopted so only two signal components needs to be
transmitted at any time slot, TD-AItBOC modulation may be realized without introduction of the
product terms to achieve the multiplexing etficiency reaching 100%.

[0005] Although TD-AItBOC modulation 1s based on the AItBOC modulation, due to the
characteristics of time division, TD-AItBOC signal cannot be received by using the existing
AItBOC recervers.

[0006] The patent “method and apparatus for tracking TD-AItBOC” laid open by Space star
technology co., LTD. in June 2016 provides a tracking scheme for TD-AItBOC signal. Based
on the characteristics of TD-AItBOC signal, the scheme adopts a pseudo-code tracking loop
created from a total of four channels in upper and lower sidebands to determine a tacking result
for each of the channels, and compare the tacking results to each other, so as to obtain a loop
settling time and a code loop phase-locked error jitter value. Then, parameters for optimizing
the tracking loop may be found by looking up a code tracking loop bandwidth preset table
according to the loop settling time and the code loop phase-locked error jitter value and may
then be fed back to a code loop filter to realize a smart tracking. However, this scheme is
highly complex to implement, and fails to fully utilize the advantage of the time division

multiplexing characteristic of the signal itself in reception.

SUMMARY OF THE INVENTION
[0007] In response to the above drawbacks or improvement needs of the prior art, the
invention provides a method and an apparatus for receiving TD-AItBOC signal, and aims to
achieve a TD-AItBOC signal carrier, a pseudo-code synchronization and a data demodulation
for solving the complicated technical problem of the existing TD-AItBOC signal demodulation

method.

10008] To achieve the above objective, according to an aspect of the invention, a method for
-
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receiving TD-AItBOC signal 1s provided, and the method includes:

(1) converting a TD-AItBOC radio-frequency signal into a medium frequency, performing a
band-pass filtering and sampling on the signal, and peeling off a sampled signal carrier by using
a local carrier to obtain a sampled baseband signal;

(2) correlating the sampled baseband signal with a local waveform chip-by-chip in a time
division manner;

(3) performing a data demodulation according to a plurality of correlated output signals, and
obtaining a carrier phase deviation estimated value and a code phase deviation estimated value
according to the correlated output signals;

(4) updating the local waveform according to the code phase deviation estimated value; updating
the local carrier according to the carrier phase deviation estimated value.

|0009] Specifically, the step (2) further includes: correlating the sampled baseband signal with
a data section of the local waveform at an odd chip time slot; and correlating the sampled
baseband signal with a pilot section of the local waveform at an even chip time slot.

[0010] Specifically, the step of obtaining the code deviation estimated value 1n the step (3)
further includes: obtaining the code deviation estimated value by a combination and a
calculation according to a combination method of the correlated output signals determined by
data output from the data demodulation or known external message data.

[0011] Specifically, the step of generating the local waveform in the step (4) further includes:
(31) generating upper and lower sidebands pilot pseudo-codes, upper and lower sidebands data
pseudo-codes, and sine and cosine subcarriers separately according to the code phase deviation
estimated value;

(32) generating at least one early, present and at least one lag local pilot baseband waveform by
combining and phase-shitting the upper and lower sidebands pilot pseudo-codes and the sine and

cosine subcarriers; generating at least one early, present and at least one lag local data baseband
_3-



CA 03036033 2015-03-06

waveform by combining and phase-shifting the upper and lower sidebands data pscudo-codes

and the sine and cosine subcarriers.

0012] According to another aspect ot the invention, an apparatus for receiving TD-AItBOC

signal 1s provided, and the system includes:

a pre-process module, configured to convert a TD-AItBOC radio-frequency signal
into a medium frequency, perform a band-pass filtering and sampling on the signal, peel off a

sampled signal carrier by using a local carrier to obtain a sampled baseband signal, and transmit

the baseband signal to a time division complex correlation module;

the time division complex correlation module, configured to correlate the local
10 wavetorm with the sampled baseband signal chip-by-chip in a time division manner, and

transmit a plurality of correlated output signals to a data demodulation module, a carrier phase

identification module and a code phase identification module;

the code phase 1dentification module, configured to obtain a code deviation estimated

value by a combination and a calculation according to a combination method of the correlated

15  output signals determined by data output from a data demodulation or known external message

data, and transmit the code phase deviation value to a local waveform generation module;

the carrier phase identification module, configured to obtain a carrier phase deviation
estimated value from the correlated output signals, generate the local carrier from the carrier

phase deviation estimated value, and transmit the local carrier to the pre-processing module;

20 the local waveform generation module, configured to generate the local waveform

from the code phase deviation estimated value, and transmit the local waveform to the time

division complex correlation module; and

the data demodulation module, configured to perform the data modulation based on

the correlated output signals, and output a demodulated signal.

25  |0013] Specifically, the time division complex correlation module is further configured to

4
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correlate the sampled baseband signal with a data section of the local wavetorm at an odd chip
time slot, and correlate the sampled baseband signal with a pilot section of the local waveform at
an even chip time slot.

[0014] Specifically, the local waveform generation module further includes:

a pseudo-code subcarrier generating unit, configured to generate upper and lower
sidebands pilot pseudo-codes, upper and lower sidebands data pseudo-codes, and sine and cosine
subcarriers separately according to the code phase deviation estimated value;

a local waveform generating unit, configured to generate at least one early, present
and at least one lag local pilot baseband waveform by combining and phase-shifting the upper
and lower sidebands pilot pseudo-codes and the sine and cosine subcarriers; and generate at least
one early, present and at least one lag local data baseband waveform by combining and
phase-shifting the upper and lower sidebands data pseudo-codes and the sine and cosine
subcarriers.

[0015] In general, the above technical solutions conceived by the invention have the following
technical features and beneficial effects compared with the prior art:

(1) the technical solution of the invention may be easily implemented to reduce reception
complexity and save hardware resources;

(2) the invention 1s specifically designed with respect to the TD-AItBOC time division

characteristic to fully reflect the superiority of TD-AItBOC modulation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 shows a flowchart of the method in the invention.
[0017] FIG. 2 shows a sequential relationship of transmission of TD-AItBOC modulation
signal components in the invention.

[0018] FIG. 3 shows a functional block diagram of an apparatus for receiving TD-AItBOC
_5-
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modulation signal in the invention.

0019] FIG. 4 shows a functional block diagram of a local baseband reference wavetorm
generator in the receiving apparatus in the invention.

0020] FIG. 5 shows a functional block diagram of a time division complex correlator in the
receiving apparatus in the invention.

10021] FIG. 6 shows a functional block diagram of a data demodulator in the receiving

apparatus in the invention.

DESCRIPTION OF THE EMBODIMENTS

[0022] In order to describe the objective, technical solution and advantages of the invention
more clearly, the invention 1s described in detail below with reference to accompany drawings
and embodiments. It should be noted that, the embodiments specifically described here are
merely used to describe the invention rather than limit the invention. Further, the technical
features involved in various embodiments of the invention described below may be combined
together as long as they do not constitute a conflict with each other.

[0023] As shown by FIG. 1, the method of the invention includes the following steps:

(1) converting a TD-AItBOC radio-frequency signal into a medium frequency, performing a
band-pass filtering and sampling on the signal, and peeling off a sampled signal carrier by using

a local carrier to obtain a sampled baseband signal;
(2) correlating the sampled baseband signal with a local waveform chip-by-chip in a time

division manner;
(3) performing a data demodulation according to a plurality of correlated output signals, and
obtaining a carrier phase deviation estimated value and a code phase deviation estimated value

according to the correlated output signals;

(4) updating the local waveform according to the code phase deviation estimated value; updating
_6-
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the local carrier according to the carrier phase deviation estimated value.
[0024] With introduction of product terms to realize a four signal constant envelope AItBOC
modulation, the multiplexing efficiency 1s decreased to degrade the signal performance to a
certain extent. BeiDou Navigation System (BDS) 1s configured to conduct signal transmission
5> by adopting TD-AItBOC modulation. In comparison with AltBOC modulation, since
TD-AItBOC modulation adopts the chip-by-chip time division multiplexing method so only two
signal components need to be transmitted at any time slot, the constant envelope modulation
may be realized without itroduction of the product terms to achieve the multiplexing efficiency
reaching 100%. As shown by FIG. 2, a sequential relationship of transmission of each
10 TD-AUBOC signal component in the invention 1s provided.

[0025] TD-AIBOC baseband signal is defined as follows:

— —

I+ jO, = :dA (t)CAD (t)"' Cap (t)__. :SCB,COS (t) —J9C i (t)__
+ :dB (t)cBD (t) +Cpp (Z‘) SCh cos (z‘) + jSCy o, (t)—

>

/

s 1s an in-phase component of the baseband signal; Q, 1S a quadrature component of

d, (1)

where

the baseband signal; 1s a modulated data bit waveform of a lower sideband data

[) . .
15  channel; Cap ( ) is a pseudo-code waveform of the lower sideband data channel; Car (t) iS a

dy (1)

pseudo-code wavetorm of a lower sideband pilot channel; 1s a modulated data bit

. l) .
waveform of an upper sideband data channel; “8D ( ) is a pseudo-code waveform of the upper

. Cop\l) . . .
sideband data channel; %° ( ) 1S a pseudo-code waveform of an upper sideband pilot channel;

SC

B.,cos

SCpos (1) = sign(cos(2z f1))  SC, . (1)

1S a bmnary cosine subcarrier; ; 1S a

SCp gn (r) = Sign(sin (27[]2,1)) |

2

20  binary sine subcarrier;
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In terms of TD-AItBOC signal, the equation above 1s further equivalent to:
[d ¢, (1) +d, (1), (1‘): SC, . (1) :d‘ ( ) ¢.p(1)-dy(t) ey ( ]S‘(‘ (1) at odd chip time slot

I+ jO =1 =
, IO, [ c., U)+CBP (f)ﬂ SCB.COS(I)Tj_ AP , Crp ]S "B,sin ) at even chip time slot

[0026] As shown by FIG. 3, an embodiment of an apparatus for receiving TD-AItBOC signal
1s provided, and includes:

an antenna, configured to receive TD-AItBOC radio-frequency signals transmitted by
all visible satellites:

a radio-frequency frontend module, configured to perform amplifying, filtering, down
converting processes on the received TD-AItBOC signal, and transmit the processed signal to an
A/D module;

the A/D module, configured to sample and quantify the received signal, and transmit
the obtained TD-AItBOC digital signal to a medium frequency and Doppler elimination module;

the medium frequency and Doppler elimination module, configured to obtain a
baseband signal by peeling off a carrier from the TD-AItBOC digital signal using a received
reference carrier, and transmit the baseband signal to a time division complex correlation
module;

the time division complex correlation module, configured to correlate a received local
baseband reference waveform with the baseband signal chip-by-chip in a time division manner
according to a code clock frequency, and transmit correlated signals to a code phase
identification module, a carrier phase 1dentification module and a data demodulation module;

the code phase identification module, configured to simultaneously combine the
correlated signals according to a combination method of the correlated signals determined by
data obtained after the modulation to obtain a code phase deviation estimated value, and transmit

the code phase deviation estimated value to a first loop filter module;

the first loop filter module, configured to perform a noise reduction process on the
_8-
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code phase deviation estimated value, and transmit a noise-reduced signal to a subcarrier NCO
(numerical oscillator);

the subcarrier NCO, configured to obtain a subcarrier clock frequency from the code
phase deviation estimated value underwent the noise reduction, transmit the subcarrier clock
frequency to a local reference waveform generation module, and transmit the subcarrier clock
frequency to a code NCO;

the code NCO, configured to receive the subcarrier clock frequency, generate the code
clock frequency, and simultaneously transmit the code clock frequency to the local reference
waveform generation module, the time division complex correlation module and a data
demodulator;

the local reference waveform generation module, configured to generate a local
baseband reference waveform according to the code clock frequency and the subcarrier clock
frequency provided by the code NCO and the subcarrier NCO, and transmit the local baseband
reterence waveform to the time division complex correlation module;

the carrier phase identification module, configured to obtain a carrier phase deviation
estimated value from the received correlated signals, and transmit the carrier phase deviation
estimated value to a second loop filter module;

the second loop filter module, configured to perform the noise reduction process on
the carrier phase deviation estimated value, and transmit a noise-reduced signal to a carrier
NCO;

the carrier NCO, configured to obtain a carrier phase of the received signal from the
carrier phase deviation estimated value underwent the noise reduction, and transmit the carrier

phase to a reference carrier generator;

the carrier generator, configured to generate a reference carrier from the carrier phase,

and transmit the reference carrier to the medium frequency and Doppler elimination module:
0.
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the data demodulator, configured to perform a data demodulation on the correlated
signals, and transmit demodulated data to the code phase identification module.
[0027] As shown by FIG. 4, a possible embodiment of the local reference waveform module is
provided, where the code NCO drives an upper sideband pilot pseudo-code generator and a
lower sideband pilot pseudo-code generator to generate an upper sideband pilot pseudo-code and
a lower sideband pilot pseudo-code; the subcarrier NCO drives a sine subcarrier generator and a
cosine subcarrier generator to generate the binary sine subcarrier and the binary cosine
subcarrier.

[0028] Generation of a pilot baseband reference waveform may be expressed as

_[ AP ]SCBsm( )

Three reterence signals (early, present and lag) may be obtained after passing the pilot
baseband reference waveform through a shift register.
[0029] Further, the code NCO drives an upper sideband data pseudo-code generator and a

lower sideband data pseudo-code generator to generate an upper sideband data pseudo-code

s (1) and a lower sideband data pseudo-code 9 , respectively; the carrier NCO drives the

sine subcarrier generator and the cosine subcarrier generator to generate the binary sine

subcarrier °C#sn (7) and the binary cosine subcarrier SCh.s (1) .
[0030]  Generation of a data baseband reference waveform may be expressed as

SDI — [:CAD (f) + CBD (t):{ SCB ,COS

[

(1),

(1) an (1)

s = Can (1) = € (1) ] SCp e (1)
) (

)

2

SD4:_CAD(I +CBD( )]SCBsm l),

where three reference signals (early, present and lag) may be obtained after passing

the data baseband reference waveform through a shift register.

-10-
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[0031] As shown by FIG. 5, a possible embodiment of the time division complex correlation
module is provided, where time division complex correlators 61, 62 and 63 correlate the
sampled baseband signal respectively with waveforms of the early, present and lag reference
signals of locally generated digital/pilot basebands, so as to obtain related outputs of the pilot

and data components, respectively. With the present branch as an example, its basal principle

1S described as follows:

at an even chip time slot, only the pilot components of TD-AItBOC signal are

transmitted and output as integrations of

Loy = (1, + 70, Yspdt,
Opp = j([s + JO, )szdt.,

in a code phase identifier, the following combination 1s implemented:

RPP ‘:[PP +jQPPa

the above equation 1s then expanded as

Rep = 1pp + JOpp
= [(2, + O, Yspidt + j [ (1, + JO, Jspyclt
= [(1,+7Q,) (551 + Jsp, )
) I/[dA (1)en (1) + € (£) ]| SCh o (1) = JSCip o (1) t] V(Tea (1) +cop (1)]SCy e (1)

\+|:dB (t)CBD (f) +CBP (t)][SCB.cos T ./SCB sin :l/ +.].|:CAP (I) HCBP ]SCB sin ))
, and a correlation of the data pseudo-code and the pilot component pseudo-code 1s 1ignored to

dt

obtain

Team () +eu (1)]8Chas (1) V[ (1) +cup (£)|SChene (1)
\‘*J'[CAP(I)_CBI ]SCBsm )/ K+.}.[CAP (t)_CBP ]SCqu ))

which i1s, obviously, a self-correlation value of the pilot components combined signals

dz,

Rpp :J

of the upper and lower sidebands.

[0032] At an odd chip time slot, only the data components ot TD-AItBOC signal are

transmitted and output as integrations of

-11-
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Lop = [ (1, + 7O, Yyt
Opin = [ (1, + JO, Ys ot
Lopy = | (1, + O, Yssdlt
Oppr = [(1,+ 7O, st

5 [0033] and in the code phase identifier, a self-correlation value of the data components
combined signals of the upper and lower sidebands may be obtained through a combination of
the correlated outputs with the principle as follows:

a target self-correlation 1s output as:

([dA (t)CAD (t)+db’ ( m) ]SCB cOS ) ) /[dA (t)CAD (t)+d3 (t)CBD (t)J SCB._COS (t) ) Jr
\"j[d/; (f)c,m (f)‘dg ( Cm) ]SCB sin )/ \+J'[d/4 (I)CAD (t)'ds (t)cm) (’)]Sca,sin (t)/ |

10 a correlation of the data component pseudo-code and the pilot component

Rp = j

pseudo-code 1s 1ignored to obtain

[ (e ()4, (1)c ]SCM ) N
+j[d,4 Cap (t)'d ( ]SCBSIN )/ |

R)p = J.(j +]Q)

dp— —
A A—

[0034] when a,=dy within the integral period, where J 1s lower sideband data and

B 1s upper sideband data;

15 Rpp = J‘(]s +J‘Qs)(|:CAD ]SCB cos ))dt

2

+ ]J.(]‘, + J O, )([CAD (t) “Cpp (l‘)] SCp sin (t)) at

1.e., the combination method i1s:

Rpp =1 ppy + JOppi -
d, =d, =-1

A

[0035] When within the integral period:

R,, = ""J.(]jF +.].Q5)(|:CAD (t) JSCBco:» ))df

2

— (1, + 7O cap (1) -cup (1) ] SCy g, (2)) dt

20 1.e., the combination method 1s:

219
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Rpp =—1pp, — jQDPI :

d,=—d, =1

[0036] When within the integral period:

Rpp = J.(].s' + JO, )([CAD (I)-CBD (t)] SC pcos (I))dt
T J.[(]s +J0O, )([CAD (t)+CBD (t)] 5C g gin (t))dt

1.e., the combination method 1s:

: Rpp =1 pp, +jQDP2°

d =-d,=~1

[0037] When 4 : within the integral period:

Rpp = —j(ls +st)(|jCAD (t)'"CBD (t)]SCB.COS (t))dt
—jJ.(]S +JO. )(':C,;D (t)+CBD (t)] SCp sin (t)) dt

1.e., the combination method 1s:

Rpp = —1/ pp2 —J QDP2 :

10  [0038] Here, the code phase identifier 7 implements a combination of correlation functions
and calculates the code phase deviation estimated value by the following principle:

the combination method of the correlation functions is:

where @ is a combination coefficient in the above formulae, and 0 <a <1

15  [0039] As described above,

RPP :]PP +jQPP:

r ]DP1+].QDPI L_EldAdezl
—L pp1 = JQpp) ﬁldA:dB_—__l
Ipy+JO,,, =d,=-d,=1"
Ty = JQpps Ad, = -d, =-1

similarly,

Ry :[PE + jOr
_13-
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RPL =/ pr T QPL 5

| ! ey + JOps) d,=d, =1
Ippy = jQpr  —ddy=dy=-1

Lpgy + JOpes Ad,=-dy=1"
Lpey = JOppy H1dy=-dy=-]

D[l +-].QDLI :_*_L:dA — dB = 1

B Lo = 7O, %fdA =dy =-1
R, =+ w
Lo+ JOp1s —d =-dg = L

L_]DLZ —JOp12 %dA =-d, =-1

[0040] 1t 1s noted that, the calculation and the combination of the correlation function of the
data component are optional. When it 1s not required to combine the data components for
signal synchronization, the data baseband reference waveform generator may be omitted; when
the data components/the pilot components are adopted in combination for tracking, a value of
the data bit may come from output of the demodulation (a coding symbol before decoding) or

may come from known external message data. The output of the 1dentifier adopts a traditional

DDVL loop identification method, such as
|0041] As shown by FIG. 6, a possible embodiment of the data demodulator 1s provided,
where a data demodulation is only performed on coherent signals output by the present brunch.
A demodulation method of the lower sideband data component demodulator 142 1s as follows:

d, = sign( [(1,+JQ,) .o (1) SCp o (1) + JSCpy, (t) ]t

[0042] It should be noted that, an integration time does not exceed one data bit width, and an
integration starting point 1s aligned with a boundary of the data bit.

Its principle is:

-14-
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j (1,4 O, )Cup ()] SCy s (1) + JSCy i () ] dit
/[d (t)can () e )][SCBM( )= JSCpa (1 )] \
(7)

::J +{ki t C (:) Cyp J[Scham _+jSC}“” ]/

J.( )CAD( [SCBcos ) /Scnsm( )]) A[)( )[chm( )‘I“JSCB Sm( ):ldt ’

:Id [ peos (2)=JSC, (Z)][SCB.COS (7)+ JSC, g, (t)]dt
._2jd ()dt

Cap (1) SCpeos (1) + JSC, 4, (1) ] at

In the above formula, an orthogonality between the pseudo-codes has been taken into
account.
[0043] A demodulation method of the upper sideband data component demodulator 141 1s as

follows:

dy = sign([(1,+ JO,) e (1) SCp o (1) = JSCps (1) ]l

p

[0044] It should be noted that, an integration time does not exceed one data bit width, and an
Iintegration starting point 1s aligned with a boundary of the data bat.

[0045] The foregoing description refers to the preferred embodiments of the invention, and 1s
not intended to hmit the invention. Any modifications, equivalent substitutions and
improvements made within the spirit and scope of the mvention are intended to be included

within the scope of the invention.
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WHAT IS CLAIMED IS:

1. A method for receiving TD-AItBOC signal, characterized in that, the method

COMprises:

(1) pre-processing a TD-AUBOC radio-frequency signal to obtain a sampled signal,
and peeling oft a sampled signal carrier by using a local carrier to obtain a sampled baseband
signal;

(2) correlating the sampled baseband signal with a local waveform chip-by-chip in a
time division manner;

(3) performing a data demodulation according to a plurality of correlated output
signals, and obtaining a carrier phase deviation estimated value and a code phase deviation
estimated value according to the correlated output signals;

(4) updating the. local wavetform according to the code phase deviation estimated
value; updating the local carrier according to the carrier phase deviation estimated value.

2. The method for receiving TD-AItBOC signal according to claim 1, characterized
in that, the step (2) further comprises: correlating the sampled baseband signal with a data
section of the local wavetorm at an odd chip time slot; and correlating the sampled baseband
signal with a pilot section of the local waveform at an even chip time slot.

3. The method for receiving TD-AItBOC signal according to claim 1, characterized
In that, the step of obtaining the code deviation estimated value in the step (3) further comprises:
obtaining the code deviation estimated value by a combination and a calculation according to a
combination method of the correlated output signals determined by data output from the data
demodulation or known external message data.

4. The method for receiving TD-AItBOC signal according to claim 1, characterized

in that, the step of generating the local waveform in the step (4) further comprises:

(31) generating upper and lower sidebands pilot pseudo-codes, upper and lower
_16-



10

15

20

235

CA 03036033 2015-03-06

sidebands data pseudo-codes, and sine and cosine subcarriers separately according to the code
phase deviation estimated value;

(32) generating at least one early, present and at least one lag local pilot baseband
waveform by combining and phase-shifting the upper and lower sidebands pilot pseudo-codes
and the sine and cosine subcarriers; generating at least one early, present and at least one lag
local data baseband waveform by combining and phase-shifting the upper and lower sidebands
data pseudo-codes and the sine and cosine subcarriers.

5. An apparatus for receiving TD-AItBOC signal, characterized in that, the
apparatus comprises:

a pre-process module, configured to pre-processes a TD-AItBOC radio-frequency
signal to obtain a sampled signal, peel off a sampled signal carrier by using a local carrier to
obtain a sampled baseband signal, and transmt the baseband signal to a time division complex
correlation module;

the time division complex correlation module, configured to correlate a local
waveform with the sampled baseband signal chip-by-chip in a time division manner, and
transmit a plurality of correlated output signals to a data demodulation module, a carrier phase
1dentification module and a code phase 1dentification module;

the code phase identification module, configured to obtain a code deviation

estimated value by a combination and a calculation according to a combination method of the

correlated output signals determined by data output from a data demodulation or known external

message data, and transmit the code phase deviation value to a local waveform generation

module;
the carrier phase identification module, configured to obtain a carrier phase
deviation estimated value from the correlated output signals, generate the local carrier from the

carrier phase deviation estimated value, and transmit the local carrier to the pre-processing
_17-
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module;

the local waveform generation module, configured to generate the Ilocal
waveform from the code phase deviation estimated value, and transmit the local waveform to the
time division complex correlation module;

the data demodulation module, configured to perform the data modulation based
on the correlated output signals, and output a demodulated signal.

6. The apparatus for receiving TD-AItBOC signal according to claim |1,
characterized in that, the time division complex correlation module 1s further configured to
correlate the sampled baseband signal with a data section of the local waveform at an odd chip
time slot, and correlate the sampled baseband signal with a pilot section of the local waveform at
an even chip time slot.

7. The apparatus for recetving TD-AItBOC signal according to claim 1,
characterized in that, the local waveform generation module further comprises:

a pseudo-code subcarrier generating unit, configured to generate upper and lower
sidebands pilot pseudo-codes, upper and lower sidebands data pseudo-codes, and sine and cosine
subcarriers separately according to the code phase deviation estimated value;

a local waveform generating unit, configured to generate at least one early, present
and at least one lag local pilot baseband waveform by combining and phase-shifting the upper
and lower sidebands pilot pseudo-codes and the sine and cosine subcarriers; and generate at least
one early, present and at least one lag local data baseband waveform by combining and

phase-shifting the upper and lower sidebands data pseudo-codes and the sine and cosine

subcarriers.

18-
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