APPARATUS AND METHOD FOR SYNCHRONI ZI NG A PLURALTY. OF REMOTE TRANSM SSI ON -
AND RECEI VI NG STATIONS This invention,relates to nmethods of and -apparat us
for synchronising a plurality of rf circuits included at a plurality of
renote transceiver stations. 5 I ncreasing the capacity and
inproving cell radiation in a wireless and/or: cel lul ar radi otel ephone
system has traditionally required a splittilng of the cell in which a new
pattern of a greater nunber of smaller cells replaces the previously
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Accordi ng ope_aspect this inwention. there.is.provi.ded a method of
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stat™n in a ¢gll ul. | Qt al € t LNng .y ng a
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Stat| ons. L3 sestonsciThess temste enions/sedie EsgbAS gom 1 4afl faramatile  ecei ved
st-ati ons, : ct recei veo
conposi te si giadiotelertitmb uflits WhRththéy Rltdahdimi for ERBnichASS KAHEE bAsAdthis.
(e) driving a renpte statloawfre ue_nQ%nsEé thglfilnggr with the reference
frequency si gr¥dt fiBsR ORHCH 08 Offiep R YHRISY H’b”o 1ogder; tg epfimize the qpegatianiQf the
]pl urality of rsylétehﬁtﬁsr AELRSRANY & provide spsiem syhdhronizhiion fig thé euleplivigrefat
requency signa

radi ot el ephoné;“?mﬁtgf %éfgglggegﬁa%rgfhgog}oaf; ?t f/l gpalr e\rlrmo"i 2 ;?gﬂ \(;ﬁg to
create a 20 - According to one aspect of this invention there is provided a method of
synchronizing a plurality of rf circuits included at a plurality of remote transceiver
stations to a reference frequency provided at 2 common base station in a cellular
radiotelephone system, including (a) combining a reference frequency signal with rf
st signals at the base station to create a composite signal, (b) driving a base station
25 frequency synthesizer with the reference frequency signal, (c) transmitting the -
composite signal to the plurality of rf circuits at the plurality of remote transceiver
stations, (d) extracting the reference frequency signal from the received composite
signal in each of the plurality of remote transceiver stations, (e) driving a remote
station frequency synthesizer with the reference frequency signal extracted from the
30 composite signal in each of the plurality of remote transceiver stations, (f)
‘combining the reference frequency signal extracted from the composite signal with
received radiotelephone signals at each of the plurality of remote stations to create a -
received composite signal, (g) transmitting the composite signal to the base station,
and (h) extracting the received radiotelephone signals from the composite signals.




recei ved conposite signal, (g) transmtting the eonposite signal to the

base station, and (h) extracting the recgei ved radi ot el ephone signals from
the conposite signals. According to another aspect of this invention

there is provided a cellul ar radiotel ephone system i ncludi ng apparatus for
synchroni-zing a plurality of rf cirkuits included at a plurality of renote
transceiver stations to a reference frequency at a common base stati on, ~dhe_
appar at us |nclud|ng, at a base station, an input for 5 accepting rf
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20 connected to a transmission link coupling the remote transceiver station to the base
station; and a reeeiver at the base station connected t_’o-_ the transmission link and
circuitry for separa'tirig the tf signals from the return composite signal.
~ System synchromzatron may thus be achieved in a system of remote __
transcexver stations serving a particular cell s1te or base station by combining rf U
25 srgnals transmitted to the remote. station from the cell site with a reference signal, |
obtamed from a highly stable reference signal source, to form a composite signal. In
"an illustrative embodiment this composite signal is used to modulate the output of a
base station laser transmitter. The composite signal is transmitted to the remote
station where the reference frequeney is extracted and used to synchronize the rf
30 circuits of_ the remote station. Special diagnostic features of the remote station
transceivers are synchronized by the sy_nchronizi_ng signal so that proper transceiver
equipment functioning may be monitored at the base station.




base station |aser transmitter. The conposite signal is transmtted to the
repote station where the reference frequency i's extracted and used to
synchroni ze the rf 30 circuits of the renpte station. Special diagnostic
features of the renpte station transcei;grs_are synchroni zed by the
synchroni zi ng signal so that:proper trartsceiver equi pnment functioning may
be mypitored at the base station. The invention will now be descri bed

with reference to the acconpanying drawings, in which: FIG 1 is a system
schematic of a plurality Shecdmventdomabik nowohe descrihed with o

system of renpt erdf@&penekyeo the! ifdtompanying drawihk®, 4n sviidh ock
schematic of a base station including the optical transmssion links to the
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interface circuit he, base statj.on and the renote transcei ver stations;
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FIG 4 is a scheffRlS@chwith a sxsempof Temple IAnsPiver¥pEORS at a base station
10 for commu@icating w tRIG 2 Rrablock schieaiatic\ofTa s station incldding the bptical 2

schematic of trapsceiver citcuitry included in the renote transceiver .
station. A cellu sW‘éE‘PBﬁ@‘éS%%JT%‘E&P@Y "tﬁ?ﬂ"ieff%ﬁnﬁ plurality of remote
15 transmitting and receFiG.Bjisw blocloschematiciof thebpticad inteifaceceirduilsax theytsise m
is shown in FIG _],. Rh i lons 101, 102 and 103, each
servicing a partf‘%ﬂ?‘iﬁéﬁﬁ%ﬁ%%ﬂ%&%ﬁgﬁm’g' area) 111, 112 and 113 are
shown connected to a commBIG.#bisid schemhtip bfitrensoeivier bircujtrydnciuded 863 basestation
trunks 121, X@2 %}%ﬁ’l‘%ﬁmﬁﬁg@%@ ;L?%ngi‘ét%r 'y&ﬁgh.r%cpenter 105 connects

the base stations throug [ 0 crLrcunltr 0 the public swtched
tel e\g%one net wor k 109. [ t FIGhe isfaschematic: of sansseiver cireuitnydncluded in theisemete i n
the CElls to a pghhiceiveyistaipgd tel ephone network 109. Each cell 111, 112
and 113 includes-a plurality of - renote transmtting and receiving stations
101-1 through 103-2. The renpte stations 101-1 through 101-9 of cell 111

may be added to serve i ncAqRHRr ridiblelephBhe SpstériRiilivig @piunilitg of ¥ifoR5
reception in_selected cell areas, In cell 113 t r.enot tations, 103-1 .and
103-2 are 1% transmitting anc? receiving stations wnﬂ?m cells of the ce?luiar system is shown in
FIG. 1. A plurality of base stations 101, 102 and 103, each servicing a particular cell
(ie. geographical area) 111, 112 and 113 are shown conﬂ_éct_ed to a common mobile
telephbne switching cénter_ 105, via the trunks 121, 122 and 123. The mobile
~ telephone switching center 105 connects the base stations through switching
20 circuitry to the public switched telephone network 109. It therefore interconnects the
individual mobiles in the cells to a public switched telephone network 109.
~ Eachcell 111, 112 and 113 includes a plurality of remote transmitting
| and receiving stations 101-1 through 103-2. The remote stations 101-1 through
g ~ 101-9 of cell 111 may be added to serve increased traffic or to improve radiation and
25 reception in selected cell areas. In cell 113 two remote stations 103-1 and 103-2 are
- included to serve what would otherwise be RF deadspots in the cell. Cell 112 may
include the added remote stations 102-1 to 102-10 for a variety of these purposes.
A detailed block diagram of the base station to remote station
- connections is shown in FIG. 2. The base station 201 includes an air interface frame
30 202 connected to an antenna 203. The air interface frame 202 which includes rf filter
-~ and amplifier circuits is connected to the antenna 203 to transmit radiotelephone
- signals. It is also connected to the receive line 206 coupling it to a radio channel
- frame 207 which includes the radio transceivers dedicated to each of the individual
- - channels. A transmit line 208 connects the radio channel frame 207 to the air
" 35 interface frame 202. The radio channel frame 207 is connected, via voice and data
-trunks, to the mobile telephone switching office 210.. |




I ncluded to serve what woul d ot herw se be RF deadspots in the cell: Cell
112 may include the added renote stations 102-1 to.102-10 for a-variety of
t hese purposes. A detailed bl ock diagram of the base station to renote
station connections is shownin FIG 2. The base station 201 i-ncludes an
air interface frame 30 202 connected to an antenna 203. The air interface
frame 202 which includes rf filter and anplifier circuits is connected (¥
the antenna 203 to transmt radiotel empone signals. It is also connect ed to
the receive line 206 coupling it to a radio channel frane 207 whi ch :

i ncludes the radio t ei vers,. ded ted to e -he indivi -
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is coupl ed ZﬁmjgmrmmmnaB%er 323 to a transmtt| ng antenna 325. 15
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338 con nemiﬂ'&p&&? isofllor B35 oatiae Bberifrik 343 &1 connectmg the remote station 320 to the

. base station. The light signal, received at the base: stauon, 1s apphed to a photo
- 20 detector 341 and an of slgnal is recovered. This signal is connected, via linear
amplxﬁer 342 and combmer/sphtter 307, to the rad:o channcl tnits 305.
A detailed schematic of the- opucal u'a.nscewer unit included at the base
- station is shown in FIG. 4. Rf signals from the radlo channel units of the base
. station are applied to the input lead 401. A referenee ﬁequency sxgnal is applied to
25 the lead 402.. Lead 402 is connected to the splitter 403 which sphts the reference
frequency signal into two paths. One path 405 is connected to the combmer 406.
Here the reference frequency signal is combined with the rf s:gnals_from the radio
channel units, supplied on lead 401. This combined or composite signal is
~ transmitted, via the automatic gain control amplifier 408 to the bpﬁcal transmitter
30 410. The optical transmitter converts the composite 1f signal to a composite light
signal and applies this composite light signal to the optical fiber link 412 -which
transmits the composite light signal to the remote stations. The optical u‘ahsmitter
~ includes a back-face monitor 415 which includes a photo detector to measure light
- intensity. A feedback look including a filter 413 tuned to the reference frequency
35 and a detector 414 feeds signals from the optical transmitter’s back-face monitor 415
to the agc amplifier 408 in order to maintain the properJaser modulation level..



base station. The light signal, received at the base station, is applied to”
a photo 20 detector 341.and. an rf signal is recovered. This signal is
connected, via linear anplifier 342 and conbiner/splitter 307, to the radio
channel units 305. A detailed schematic of the optical transceiver unit
i'ncluded at the base station:is shownin FIG 4. Rf signals fromthe radio
channel units of the base station are applied to the input |lead 401. A

ref erence frequency signal is applied to 25 e lead 402. Lead 402 is
connected to the splitter 403 which splits the reference frequency signal
into two paths. One path
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filter 432. The sngm|43§a%g eunevl&m wmtaaﬁdp;fﬁrsaneu fraquencigoof @e%ppwq dgnaly
the output anplifTRé seidEreqhendyesigial 8 pedsed by ticbandpass filter 439. Its output is applied

to the amplifier 440 to provide the rf diversity "1" output on lead 442.
' The details of the optical transceiver unit at the remote station are shown
20 inthe FIG. 5. An optical fiber link 501 is connected to an optical receiver 503. The
optical receiver 503 recovers the rf signal and the reference frequency signal. An rf
signal output of the optical receiver 503 is connected, via lead 504, to the amplifier
505 which is connected in turn, via lead 506, to the transmitting antenna. The
reference frequency signal output of the bptical receiver 503 is applied to a four way
25 splitter 507. One output on lead 511 is applied to an rf receiver 514 operative for
demodulating maintenance messages received from the base station. It is connected
to the coupler 515. A second output on lead 513 is connected to a frequency
synthesizer 517 for supplying signals to be used as a carrier for maintenance data
- generated at the remote transceiver station which is to be transmitted to the base
.30 station. The output of frequency synthesizer 517 is also directly applied to the
combiner circuit 520. The third output of splitter S07 on lead 512 is applied to a
local oscillator frequency synthesizer 522 whose controlled frequency signal output
is in turn applied to a mixer 523. The fourth output on lead 514 is applied to the
combiner circuit 520 and is combined with the rf sngnal for modulation control of the
35 optical transmitter 550. '




out put on | ead 434. A second-out put .of the_splitter 428 is appl ied to the
bandpass filter 435, tuned to the nf signal frequency.band, whose output is
inturn applied to the mixer 436. The other input to mixer 436 is supplied
by the frequency synthesizer 438 15 responsive to the reference frequency
signal output of the splitter 403. The output of mxer 436 is a signal ..
having a sum and difference frequencies of these two signals. The sum 4)
frequency signal is passed by the bandqgss filter 439. Its output is .
applied to the arrplifier 440 to provide the rf di versity 1" output on |ead
442. The details of W tJd C t ransce nit .at,ah =rmt.e tation are
shown 20 in the FI ey ?P@MY%?&F‘?H& % 0. aE%FFHé"E?‘EdﬁtO an
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5 " frequency synthesizer 522 and applies the resultant differ_?nmm l

t he bandpass filter 538.tuned to pass.the difference signal Hm "ﬂlﬂ,”",
the bandpass filter 538 is applied to the combiner circuit 520.*

recei ved diversity "0" signal is applied to the filter 541 and the filtered
output is coupled by an anplifier 543 to the conbiner circuit 520. The 10

out pyt. of conbiner circuit 520 is applied Fp the autonatic gain control
anplifier 545 whose output is in turn applied to an optical transmtter 550
connected by tomigRtical fiber Iink 551 to the base station. A parallel

connecting | oop I ncludj QR detector 557 and filter 558 al sg connects the
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2. A method as claimed in claim 1 including (i) applying the composite
signal to a laser to generate a composite light signal in the light spectra, and wherein
(c) includes transmitting the composite light signal over light fiber cable to the
20 plurality of rf circuits at the plurality of remote transceiver stations.

3. A method as claimed in claim 2 wherein (d) includes extracting the
N\ reference frequency signal from the composite light signal in each of the plurality of
remote transceiver stations, (f) includes combining the reference frequency signal
extracted from the comi)osite light signal with received radiotelephone signals at
25 each of the plurality of remote stations to create a received composite signal, and the
received composite signal is applied to a laser to generate a received composite light
signal in the light spectra. ' ' *

4. A cellular radiotelephone system including apparatus for
synchronizing a plurality of rf circuits included at a plurality of remote transceiver
30 stations to a reference frequency at a common base station, the apparatus including,
at a base station, an input for accepting rf signals; an input for a reference frequency
signal; and a combiner for receiving the rf signals and the reference frequency
signals and combining them into a first composite signal; a remote transceiver
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at the base-stati
£ system as claimed in claim 4 including a laser device connected to
the combiner and operative for converting the first composite signal into a composite
light signal.

20 6. A system as claimed in claim 5 wherein the transmission means
includes light fiber cables connecting the base statiori to the remote transceiver
station and connected to transmit an output of the laser device to the remote NS
~ transceiver statxon, and the recelver at the remote transceiver station- mcludes an |
optical signal receiver at the remote transceiver station operatwe for separatmg the
25 reference frequency signal from the composite light mgna_l . '

7. A system as claimed in claim 6 wherein an output of the signal
combiner is connected to an opﬁcal transmitter connected to an optical fiber link
coupling the remote station to the base station, and there is provided an optical
receiver at the base station connected to the optical link and circuitry for separating

30 the rf signals from the return composite signal.

8. A method of synchronizing a plurality of rf circuits included at a
- plurality of remote transceiver stations to a reference fr’equex__lcy provided at a
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circuits included at a plurality of renpte transceiver stations to a
reference frequency provided at a *C L M S common base station in
a cellul ar radiotel ephone system substantially as herein described with
reference to the acconpanyi ng drawings. 9. A cellular radiotel ephone system

substantially as herein described with reference to the acconpanying
drawi ngs. 5
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