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partlcularly, to a periodic beacon signal generating appafatus used for
hand: of f between base stations. Background of the Invention

Fig. 1, shows a conventional code divisﬂon mul tiple access (CDMA) base

110, 5 modaT Rt KR e, S on e Mo S S gpR i A
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Field of the Invention

The present invention relates to a code ‘division multiple
access (CDMA) base station; and, more particularly, to a
periodic beacon signal generating apparatus used for hand-off

between base stations.

Background of the Invention

Fig. 1, shows a conventional code division multiple access . -
(CDMA) base station system which comprises a digital channel
signal modulation circuit 110, a modulated signal combination
circuit 120, a CDMA bandwidth modulation circuit 130, a radio
frequency (RF) converting circuit 140, a output amplifying
circuit 150 and a band-pass-filtering circuit 160.

The RF converting circuit 140 includes an up-converter (not
shown) and the output amplifying circuit 150 includes a
high-power amplifier (not shown). At the digital channel signal
modulation circuit 110, a digital CDMA signal is modulated by
multiplying by an assigned Walsh code. At the modulated signal
combination circuit 120, the modulated digital CDMA signal from
the digital channel signal modulation circuit 110 is combined
with other signals received from other digital channel signai

modulation circuits (not shown).



circuit 150 and a band-pass-filtering circuit 160. The RF converting
circuit- 140 includes an up-converter (not shown) and the output anplifying
circuit 150 includes a high-power anplifier (not shown). At the digital
channel signal nodulation circuit 110, a digital CDVA signal is nodul ated -
by multiplying by an assi gned Wal sh code. At the nodul ated signal
conmbination circuit 120, the nodul ated2di gital CDVA signal from the

di gital channel signal nodulation circuit 110 is conbined wth other
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140 converts the frequency of the TxIF signal to radio frequency to
up-converter (not shown) of the RF converting circuit 140
converts the frequency of the TxIF signal to radio frequency to
generate a transmit radio frequency (TxRF) signal.

The TxRF signal is amplified at the output amplifying
circuit 150 and then filtered by using an assigned bandwidth at
the band-pass-filtering circuit 160.

On the other hand, call-drop occurs frequently when an
ordinary base station having a plurality of frequency
assignments (FA's) is adjacently aligned to the smaller base
station having single FA or fewer FA than the ordinary base
station. Hand-off is provided when a caller moves between the
FA of the ordinary base station and the FA of the smaller base
station, if both FA's are commonly available within coverage of
the ordinary base station and the smaller base station.
However, call-drop occurs when the caller moves between the FA
of the ordinary base station and the FA of the smaller base
stétion, if the FA of the ordinary base station is not available
within the coverage of the smaller base station.

In order to prevent the call-drop, a multiple number of
beacon signals are transmitted, with predetermined hand-off
parameters to induce the hand-off procedure. Each of the beacon
signals is transmitted from the base station into the area which

is similar to the traffic FA, the FA for each of the beacon



generate a transmt radio frequency (TxRF) signal. - The TxRF signal is
anplified at the output anplifying circuit 150 and then filtered by using
an assigned bandwi dth at the band-pass-filtering circuit 160. On the
other hand, call-drop occurs frequently when an ordinary base station
having a plurality of frequency assignments (FA's) is adjacently aligned
to the smaller base station having single FA or fewer FA than-.the ordinary
base station. Hand-off is provided wien a caller noves between the FA of
t he or di natigNFd<$e being éﬁaagabi—ﬁe‘”mbﬁl the adigagent pase ssahipenofi theot h
FA's are cQ nly.avail able within coverage of the ordinary base station.
and t he .sifffd e%é’saesestsg:ﬁtdﬁn' However, call-drop occurs when the caller
noves between t FA, of .th | NAar ¥ st aki : f
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to prevent the call-drop, a nmultiple nunber of beacon signals are

transmttey, wheh gigidlkr chaadelansigndl pedariatdon toiroulikce 1l9e hakd- of f
procedure. Each of the beacon signals is transmtted fromthe base station
into t he Mashilaieghsignal combination circuit 120 and the CDMA bandwidth
modulation circuit 120 are ~combined into one of a CDMA
modulation circuit for the traffic FA (or a traffic FA CDMA
modulation circuit) 210 and a CDMA modulation circuit for the
beacon FA ( or a beacon FA CDMA modulation circuit) 220. The
traffic FA CDMA modulation circuit 210 is dedicated to traffic
FA and connected to the frequency converting circuit 230. The
beacon FA CDMA modulation circuit 220 includes N beacon’ FA
modulation circuits 220-1 to 220-N, N being a positive integer
and identical to required number of operated beacon signals.
As shown in Fig. 2, each of the beacon FA modulation
circuits 220-1 to 220-N is connected to one of its corresponding
one of frequency converting circuits 240-1 to 240-N as shown by
one of dashed lines and the traffic FA modulation circuit 210 as
shown by a solid line.
The N beacon signals is'continuously generatea as shown in
Fig. 5A and combined with the traffic signal from the frequency
converting circuit 230 at the frequency combining circuit 250 to
be applied to the output amplifying circuit 150.
However, in the conventional beacon signal operation as
de;cribed above, the N number of frequency converting circuits

240-1 to 240-N are included in the beacon operating apparatus



Is simlar to the traffic FA, the FA for each of the beacon

-3- signals being available within the adjacent base station of the
smal | er base station. Fig. 2 is a block diagramof a conventiona
beacon operating apparatus 200 used in the CDVA base station. In Fig. 2,
the digital channel signal nodulation circuit 110, the nodul ated signa
conbination circuit 120 and the CDVA bandw dth nodulation circuit 120 are

conbi ned i ne of .a dulation circuit for, the traffi A (or a
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circuit 220 includes N beacon FA nodulation circuits 220-1 to 220-N, N
bei ng a posiutput iemdggert mdredenredalthieo N egprcenvertdes afhdopheatttigh
beacon signal s. .
power amplifier or liner power amplifier to sustain the N beacon
signals. And, since the continuously generated beacon signals
increase forward noise during hand-off procedure after the
beacon signal acquisition of 'a caller's terminal, hand-off

success rate is decreased.

Summary of the Invention

It is, therefore, a primary object of the preésent invention
to provide a beacon signal generating apparatus, for use in a
CDMA base station, capable of economizing facilities, minimizing
load at the output end and improving hand-off success rate by
transmitting each of a multiple beacon signals
time-divisionally.

Another object of the present invention is to provide a
beacon signal generating method, for use in a CDMA base station,
capable of reducing forward noise.

In accordance with one aspect of the present invention,
there is provided an apparatus for generating a plurality of
beacon signals for use in a CDMA base station, comprising:

a level controller for controlling signal the level of each of
a plurality of beacon transmit immediate frequency (TxIFi

signals; a frequency converter for converting frequency of each



As shown in Fig. 2, each of the beacon FA nodulation circuits 220-1 to
220-N i,s connected to one of its corresponding one of frequency converting
circuits 240-1 to 240-N as shown by one of dashed lines and the traffic FA
nodul ation circuit 210 as shown by a solid |ine. The N beacon
signals is continuously generated as shown in Fig. 5A and conbined with
the traffic signal fromthe frequency _Lonverting circuit 230 at the
frequency conbining circuit 250 to be applied to the output anplifying
circuit 15@%IF sigpphey@ceiivied heremnk&et i beeel beaBbroslghaltwpeererate as

descri bed above, the .N nunber of frequengy converting circuits _240-1 to
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Is required the N up-converters and the high

synchronization signal and predetermined control information to
generate each of the plurality of the beacon signals
time-divisionally; and a storing unit for registering the
predeterﬁined control information, wherein each of the TxIF
signals is applied to the level controller from one of a beacon
signal modulator and a traffic modulator, both being included in
the CDMA base station.

In accordance with another aspect of the present invention,
there is provided a method for generating a‘plurality of beacon
signals for use in a CDMA base station, comprising the steps of:

- level controlling signal the level of each of a plurality of
first beacon TxIF signals to generate a plurality of second
beacon TxIF signals; converting the frequency of each of the
second beacon TxXIF signals means to generate corresponding one

" of a plurality of beacon TxRF signal; transmitting each of the
plurality of the beacon TXRF signals time-divisionally by.using
a system synchronization signal and predetermined control
information; and registering the predetermined control

information.

Brief Description of the Drawings

The above and other objects and features of the present



power anplifier or liner power anplifier to sustain the N beacon signals.
And, si.nce the continuously generated beacon signals increase forward

noi se during hand-off procedure after the beacon signal acquisition of a
cal'ler's termnal, hand-off success rate is decreased. Summary of the

| nventi on It is, therefore, a primary object of the present
invention to provide a beacon signatégenerating apparatus, for use in a

CDMVA base statlon, capabl e of econom zjn fac | nlnl 1 Zin | oad at
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met hod, fowurH&engb, algIWﬁngﬁse station, capable of reducing forward n0|se.
In accordance wi th one aspect of the present invention, there is provided
an apparatus foFigenkratesents pl bilatkt giaframesften conyeaktiohal COMA ibaske
CDVA base station, conprising: a level controller for controlling signal
the | evel &takdeRiof a plurality of beacon transnit immediate frequency

(TxI'F) Fig. 2 provides a block diagram of a conventional beacon

signal operating apparatus used in the conventional CDMA base
station in Fig. 1; |
Fig. 3 offers a block diagram of a CDMA base station in
accordance with the present invention;
Fig. 4 represents a block diagram of a preferred embodiment
of the inventive periodic beacon signal generating apparatus;
Fig. S5A illustrates a timing diagram of output signals from
the CDMA base station in Fig. 1; and
Fig. 5B illustrates a timing diagram of output signals from

the CDMA base station in Fig. 3.

Detailed Description of the Preferred Embodiments

Referring to Fig. 3, there is provided a block diagram of
a code division multiple access (CDMA) base station 300 in
accordance with the present invention. The CDMA base station
300 comprises a traffic frequency assignment (FA) CDMA
modulation circuit 310, a beacon FA CDMA modulationh circuit 320,
a frequency converting circuit 330, a periodic beacon signal
generating apparatus 340 and a radio frequency (RF) combination

circuit 350.



signals; a frequency converter for converting frequency of each

-5- TxI.F signal received fromthe |evel controller to generate
correspondi ng one of a plurality of transmt radio frequency (TxRF)

signal; a timng controller for controlling the level controller and
frequency converter by using a system synchronization signal and :
predeterm ned control information to _generate each of the plurality of the
beacon signal s tine-divLsionaIg%; and a storing unit faqr registering the

predet er m ned cd¥t SEC¥PnLBr Fh¥ e MR Bask sFatirn BOOFinspgRardanae
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| evel of each of a plurality of :

The periodic beacon signal generating apparatus 340
synchronizes the multiple beacon signals requested by the CDMA
base station 300, by using a transmit immediate frequency (TxXIF)
signal applied from one of the traffic FA CDMA modulation
circuit 310 and the beacon FA CDMA modulation circuit 320, and
a system synchronization signal received externally. And the
periodic signal generating apparatué 340 applies each of the
multiple beacon signals time-divisionally to the -frequency
combination circuit 350 to thereby minimize load at output end
and forward noise during hand-off. For example, the system
synchronization signal is the even second signal of a global
positioning system (GPS) signal.

Referring to Fig. 4, there is provided a block diagram of
a preferred embodiment of a periodic beacon signal génerating
apparatus 340 including a level controller 410 for controlling
level of the TxIF signal, a frequency converter 420 for
converting the frequency of the TxIF signal to radio frequency
to transmit radio frequency (TxRF) signal, time division
controller 430 for controlling the level controller 410 and the
frequency converter 420 by using the system synchronization
signal and a control information store 440 for registering
opgration frequency, on/off timing and signal level for each of

the beacon signals.



first beacon TxIF signals to generate a plurality of second beacon TxIF
signal s; converting the frequency of each of the second beacon TxIF
signal s neans to generate corresponding one of a plurality of beacon TxRF
signal; transmtting each of the plurality of the beacon TxRF signals
time-divisionally by using a system synchronization signal and
predeterm ned control information;_g_and registering the predeterm ned

control infornation. Brief Description of the Draw ngs The above
and ot her obj ect® &Ad-f eht urtde offl*lfe pieRakt is applied” to the level
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the preférred embodiment of the invention for a cellular system,
the TxIF signal has 1.23 MHz bandwidth in 800 MHz band CDMA
system, 4.95 MHz center frequency and 0 to -20
dbm signal level. And also, the TxIF includes information, such
as timing information, Walsh code -and pseudo noise sequence,
required for CDMA communications.

The level controller 410 controls level of the applied TXIF
signal according to control signal from the control information
store 440 and then applies the level-controlled TXIF signal to
the frequency converter 430.

At the frequency converter 420, the frequency of the TxIF
signal from the level controller 410 is converted to the radio
frequency to generate the TxRF signal for each beacon signal by
using a known scheme, e.g., phasé lock loop (PLL) scheme, under
the control of the time division controller 430. In the
preferred embodiment of the invention for the cellular system,
the TxRF signal has the frequency from 869 MHz to 894 MHz.

The time division controller 430 is constructed by a known
micro processor or a digital circuit and controls. the level
controller 410 and the frequency converter 420 according to
information registered at the control information store 440.

The control information store 440 registers operation
frequency on/off timing and signal level, for each of the beacod

sighals. For example, the operation frequency and the on/off



station; Fig. 2 provides a block diagramof a conventional beacon

si gnal .operating apparatus used in the conventional CDVA base station in
Fig. 1;° Fig. 3 offers a block diagramof a CDVA base station in
accordance with the present invention; Fig. 4 represents a bl ock

di agram of a preferred enbodi nent of the inventive periodic beacon signal
gener ati ng appar at us; Fig. 5Aillustrates a timng di agram of out put
signals from the CDVA base stat|0n|r1%ﬁg 1; and Fig. 5B
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circuit 320, a frequency converting circuit 330, a periodic beacon signal

gener ati ng apparkd whos#0ian#ig. r 58 cedareqfenty RELipbetbewmicnosignals is
transmitted time divisionally, i.e., periodically, when the
multiple beacon signals are operated for hand-off between the
base étations, the traffic FA for each of the base station being
different from each other. Therefore, load at output end and
forward noise during the hand-off are minimized.

As described above, since the inventive periodic beacon
signal generating apparatis 340 for use in the CDMA base station
generates each of the multiple beacon signals time-divisionally,
it is required single frequency converting circuit , e.g., an
up-converter, regardless of the number of beacon signal
operations in the CDMA base station. Therefore, facilities is
economized and load at the output end is minimized. And
hand-off success rate is improved since forward noise during the
hand-off is minimized.

While the present invention has been shown and described
with fespect to the particular embodiments, it will be apparent
to those skilled in the art that many changes and modifications

' may be made without departing from the spirit and scope of the

invention as defined in the appended claims.



circuit 350. -7- As shown in Fig. 3,
the CDVA base station 300 in accordance wth the present invention
conprises single periodic beacon signal generating apparatus. 340 --

regardl ess of the nunber of the beacon signals. operated by the base
station 300. The peri odi c beacon signal gene 340
synchroni zes the multiple beacon signals requeste g&m@ se
station 300, by using a transmt i mmedi at e freque TxXtF)" S|gnal appl i ed

from one of Wha& dsaf pémgd ©BRA nodul ation circuit 310 and the beacon FA
CDVA nodul ation circuit 320, and a system synchronization signal received .
external ly. And the periodic signal generating appar at.us 340 applies each

of the nultiple, bea s  ti di yd e y

conbi nation ci rcw t Oa?’g%tr}%e:?‘lesbyggn ni a% J%Jhﬁ.‘.{l etﬁpd 8% ST d
noi se duringigaadsofbr usEOine¥anBhe. dweswﬁtamtﬁyn@hé@&gattml Bide 1 S
t he even second signal of a gl obal

station, comprising:

level controlling means for controlling signal the level of
each of a plurality of beacon transmit immediate frequency
(TXIF) signals;

frequency converting means for converting frequency of each
TxIF signal received from the level controlling means to
generate corresponding one of a plurality of transmit radio
frequency (TxRF) signal;

timing controlling means for controlling the level
controlling means and frequency converting means by using a
system synchronization signal and predetermined control
information to generate each of the plurality of the beacon
signals time-divisionally; and

storing means for registering the predetermined control

information.

2. The apparatus of claim 1, wherein each of the TxIF
signals is applied to the level controlling means from a beacon

signal modulating means included in the CDMA base station.

3. The apparatus of claim 1, wherein each of the TxIF
signals is applied to the level controlling means from a traffic

signal modulating means included in the CDMA base station.



positioning system (GPS) signal. Referring to Fig. 4, there is
provided a block diagramof a preferred enbodi ment of a perlodlc bai“on '

signal ¢generating apparatus 340 including a |evel nmmmm“
controlling level of the TxIF signal, a frequency co

converting the frequency of the TxIF S|fnal to radio fl"equency to transmt
radi o frequency (TxRF) signal, tine dir¥fsion controller 430 for

trolli t he | troll 410 the f 420
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for each of eacon si

In Fig. 4, sbe ﬁxin&wrdeA coriniedtionkhes| 9y etz cosHtet Iﬁrelg_;%&c Qmgone
of the traffic FA CDMA nodul ation <circuit 310 and the beacon FA

nodul ati on @i tout+208120. signal hbeyelef erred enbodi nent of the invention for a
cel lul ar system
5. The apparatus of claim 1, wherein the predetermined

control information includes operation frequency, on/off timing

and signal level for each of the plurality of beacon signals.

6. The apparatus of claim 5, wherein the storing means
includes:

a plurality of DIP switches, each for registering operation
frequency and on/off timing for-each of the beacon signals; and

volume switches, each for registering the signal level for

each of the beacon signals.

7. The apparatus of claim 1, wherein the system
synchronization signal is even second signal of global

positioning system (GPS) signal provided externally.

8. A method for generating a plurality of beacon signals
for use in a code division multiple access (CDMA) base station,
comprising the steps of:

level controlling siénal the level of each of a plurality
of first beacon transmit immediate frequency (TxIF) signals to
generate a plurality of second beacon TxIF signals; .

converting the frequency of each of the second beacon TXIF



the TxIF signal has 1.23 MHz bandwi dth in 800 MHz band CDVA system 4.95
MHz center frequency and O to -20 dbmsignal level. And also, the TxIF

includes information, such as timng informati " 1 ﬁﬁﬂ d pseudo
noi se sequence, required for CDMA conmuni cati oﬂ!“llmm | ﬂlllm I
controller 410 controls level of the applied TxIF ¢&ighal *actording to
control signal fromthe control information store 440 and then applies the
| evel -controlled TxIF signal to the fl2quency converter 430. . At the
frequency cBh9BRLErMB2DS tReILREHAERCFOSEESRENELRE O8PgR4Al af PIMIERd tye@d]
controller 410 is converted to.the radio frequency. to generate the TxRF
si gnal for gﬁiﬁoﬁeﬁf?fhsrﬁbnﬁ?gb?/ Pﬂ%‘?‘h%n%y k{]'f(;x ?sc%legrfba,lg"e.-g., phase | ock

| oop (PLL) sche s 1 he tr t e di Vi c e .
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TXRF si gnal shgaal$e tlimeddarayibhamm§e b PpHastiag8H bhiegtem synchieniiiz@®ion
division controller 430 is constructed by a known mcro processor or a

di gi tal cirsignahnandgpteddsetminédvednt xaht irofdewatdikhamhd he frequency

converter 420 according to -information registered at the control
i nformation st orEe@iptering the predetermined control information.

e

9. The method of claim 8, wherein each of the TXIF signals
has 1.23 MHz bandwidth for 800 MHz band CDMA communications,

4.95 MHz center frequency and 0 to -20dbm signal level.

10. The method of claim 8, wherein the predetermined
control information includes operation frequency, on/off timing

and signal level for each of the plurality of beacon signals.

11. The method of claim 8, wherein the system
synchronization signal is the even second signal of a global

positioning system (GPS) signal provided externally.



The control information store 440 registers operation frequency on/off
timng and signal level, for each of the beacon signals. For exanple, the

operation frequency and the on/off - 9-
timng is registered using a DIP switch or a nenory and the signal |evel
Is registered by using a volunme sw tch. Referring to Fig. 5B, there
Is provided a timng diagramof output _signals fromthe CDVA base station
in Fig. 3. As shown in Fig. SB,'ﬂééh of the multiple beacon signals

is transnmitted tine divisiobastxact ol thehispiosns,  when the nultiple
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M nimzed. _ escribéd above, sin e I nventive perio
signal genepat 188 BRPATbdE Sf¥iffdn UREltipldeadddds baammt M st IRIYAL es
each of the nultiple beacon signals tine-divisionally,

comprises a level controller, a frequency converter, a timing

controller and a storing unit. The level controller controls the
signal level of each of a plurality of beacon transmit immediate
frequency (TxIF) signals. The frequency converter converts
frequency of each TXIF signal received from the level controller
to generate corresponding one of a plurality of transmit radio
frequency (TxRF) signai. The timing controller controls the
level controller and the frequency.converter by using a system
synchronization signal and predetermined control information to
generate each of the plurality of the beacon signals
time-divisionally. And the storing unit registers the
predetermined control information. Each'of the TXIF signals is
applied to the level controller from one of a beacon signal
modulator and a traffic signal modulator, both modulators being

included in the CDMA base station.

Fig. 3



it is required single frequency converting circuit , e.g., an
up-converter, regardless of the nunber of beacon signal operations in the
CDVA base station. Therefore, facilities is econonmized and |oad at the

output end is mnimzed. And hand-off success rate is inproved since
forward noise during the hand-off is g%ninized. Wil e the present
i nvention has been shown and desc Lth respect to the particular
enbodi ments, it will be apparent Qlskilled in the art that nany
changes and nodi fications may be E}out departing fromthe spirit
and scope of the invention as de H|he appended cl ai ns. :
-10- What is clained is: 1. re%us for generating a plurality
of beacon signals for use in ac d d| ilo® nmul tiple access (CDMA) base
station, conprising: | evel cpn olllng ®eans for controlling signal
t he | evel of ,
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each of a plurality of beacon transmt imediate frequency (TxIF) signals;
frequency converting neans for converting frequency of each TxIF signal
received fromthe |l evel controlling means to generate correspondi ng one of
a plurality of transmt radio frequency (TxRF) signal; timng
controlling nmeans for controlling the level controlling neans and
frequency converting neans by using a system synchronization signal and

predeterm ned control information t®/generate each of the plurality of the
beacon signals tine-divisionally; and storing neans for registering
t he predeterm ned control information. 2. The apparatus of claiml,:

wherein each of the TxIF signals is applied to the |level controlling neans
froma beacon signal nodul ating nmeans included in the CDVA base station.
3. The appar at usg—ef—elam1— wWaerein—each—of the TxIF signals is applied

to the level contr ' means fregggiraffic skesgy nodul &hg neans
i ncluded in the estatlon.og og o
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4. The apparatus of claim1l1l, wherein the TxIF signal applied to the |evel
convertri ng neans has 1.23 MHz bandwi dth for 800 MHz band CDVA

comuni cations, 4.95 MHz center frequency and O to -20dbm signal |evel.

5. The apparatus of claim1, wherein the predeterm ned control information
i ncludes operation frequency, on/off timng and signal |evel for each of
the plurality of beacon signals. 3/5 6. The apparatus of claimb5,
wherein the storing neans includes: a plurality of D P swtches,
each for registering operation frequency and on/off timng for each of the
beacon signals; and vol ume swi tches, each for registering the signal:
| evel for each of the beacon signals. 7. The apparatus of claim1l
wherein the system
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synchroni zation signal is even second signal of global positioning system

(GPS) signal provided externally. 8. A nethod for generating a
plurality of beacon signals for use in a code division nultiple access
(CDVRA) base station, conprising the steps of: | evel controlling

signal the level of each of a plurality of first beacon transmt inmediate
frequency (TxIF)-.signals to generate§%%plurality of second beacon TxIF

si gnal s; converting the frequenc f each of the second beacon TxIF
-12- signals neans to generate corresponding one of a plurality of beacon
transmt radio frequency (TxRF) signal; transmtting each of the

plurality of the beacon TxRF signals tine-divisionally by using a system
synchroni zation signal and predeterm ned control information; and
regi stering the predeterm ned contn&dujggornatlon
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9. The nethod of claim8, wherein each of the TxIF signals has 1.23 Mz
bandw dtzh for 800 MHz band CDVA conmuni cations, 4.95 MHz center frequency
and 0 to -20dbm signal |evel. 10. The method of claim8, wherein
the predetermined control information includes operation frequency, on/off
timng and signal |evel for each of the plurality of beacon signals.

11. The nmethod of <claim 8, wheress the system synchroni-zation
signal is the even second signal of bal osi tioning system (GPS)
signal provided externally. anc- 5A
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