
•' 

"liolll.llL'i' 'Ift5 
i-·-····-····---···--·- ------- r--
1 REPLACED SHEETS SG ,l·, 
~ I'""''°!? 

~ L.i Description : pa(•ed to paged ! ·~ ... ,,, b •••••••• " ............... { 

p!.i C!aim(s} : paged ... ~ ... to paged .. .IA-.... '· ... / 
! D Drnwing(s) : paged ........ to paged 
j ........ .. 

fi?1 '\ b:~lrnct : paged .... I~ .. to paged ... :: .... . 
- 1 -

~~-S>F RECEIPT .................................. . 

A MSTHOD FOR SYNCBRON!ZING THE REFERENCe; FRl!QO$NCY 
Q$CTI'.IiATQR OF A ME'!'AI.IJC-BA$EP MICRQCEIJ. TO A MASTER 

QSCU.I.A'fOR 

~ield of the Invention 
5 The present invention relates generally to a device 

and the method to synchronize timers. More specifically, 
the invention relates to the device and the method to 
synchronize a master oscillator located at a base station 
and a slave oscillator located at a microcell. Such 

10 synchronization facilitates sittn.llcasting of radio 
frequency channels. 

InfQxmation Disclosure Statement 

A method of synchronizing clocks.is taught in the 
prior art in J. Levine et al. , "T.he NIST Autana ted 

15 Cazputer Time Service, 11 Journal of Research of the 
National Institute of Standards and Tecbnology Vol. 94, 
Number 5, p. 311 (Sept.-Oct. 1989). In that article, the 
authors explain the Autatatic Computer Time Service 
(ACl'S} which is a telephone time service designed to 

20 provide users with telephone access to time generated by 

the National Institute of Standards and Technology 
(NIST) . 

· The article .cites the principle limi~ation of.'· time 
dissemination as being the uncertainty in the velocity of 

25 the propagation of the information through the medium 
separating the transmitter and the receiver. The delay, 
typically in the order of milliseconds, depends upon the 
physical length of the path and on the group velocity of 
the s1gnal. Generally, neither of these parameters is 

30 known. Consequently, to achieve the highest degree of 
synchronization, real time measurem:nts of the transit 
titre must be taken. . .. . : ... . , · '· 
. • • .. 'lo • •· :. . •. ., • .· ' .,, ' 

r:· __ .·, · Ther delayf.f~ b¢ ;pet'~~ect by measuring the tirre 
'f·._ ! I I 

~auration'between transnu.tting a pulse to the user and 
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recei.Vl.Ilg an echoed pulse. Half of this round trip delay 
is the time required for the signal to reach the user 
assuming that the ccmnunication medium is reciprocal. 
Although the article states that empirical evidence 

5 indicates reciprocity in telephone paths, it also 
maintains that the lack of perfect reciprocity may prove 
to be the ultimate limitation in the system. 

To achieve this millisecond synchronization of .. 
corrputers, the NIST has developed a simple telephone 

10 system for the automated setting of clocks in digital 
systems. NIST has developed software to facilitate 
automatic dia~ing; selecting·a time zone; selecting a 

. . 
m::xie of operation, echoing the on-time narker (OIM), · 
setting of the corrputer clock, archiving of clock off-

15 set, and transmitting a signal to the parallel port of a 
corrputer, which can be used to produce an external time 
pulse coincident with the OIM. Additionally, the article 
provides diagrams of simple circuits to convert·the 
signal sent to the printer port to a positive pulse. The 

20 article also details a circuit that echoes all characters 
from the user and provides an external pulse when the OIM 
is received. This circuit requires a rrodem but does not 
require a corrputer~ 

The a.rt.icle basically f6cuses on the application of 
25 .Acrs for the maintenance ·of accurate time within a 

digital ccxrputer. For example, the article suggests 
tagging business transactions or scientific data with the 
exact time. such tagging bec.omes..~particularly us~ful 
where a nrultiplicity of carputers independently tag 

3 o event·s, and thus require a ccxmon time standard. 
Additionally, the article mentions a second application 

··: ·'. · ·aimed .. at the measurerrent of frequency. In this 
applic~t~on, · the pulses coincident with the OIM are used 

,..... ~ ":. . ·. .. . 

,~~~1 ... : t.9. start and stop ·a counter. The counter counts the 
... ,.,, '!··· =·.· 

.~~~. 35 _out:plit of the oscillator under the test. By carparing 
.. ..._ ·;,z.,,, • . !" ; • 
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the pulses to the counts, an oscillator can be calibrated 

using exact time. The system can be used to set digital 
clocks, or to perform frequency calibrations at an 
accuracy of one part in 108 for a one day period. 

5 The article also speculates on the future 
development of the system and the new products which it 

might spawn. It suggests a digital clock carprising a 
microprocessor incorporated into a phone receiver. To 
maintain exact time according to the National Institute 

10 of Standards and Technology, the clock would access the 

ACTS via the t~lephone. .such a phone could ~ net~orked 
to other phones· in a school or· factory to provide the 

exact time throughout the_ organization. Additionally, 
the article suggests automatic calling to enable the user 

15 to call during less expensive non-peak hours. 
Thus, the article limits the application of the 

method of synchronization to time -- both in the 
maintenance of accurate clocks and the calibration of 

frequency oscillators. The prior art lacks troti vation to 

20 use the synchronization method in telecomnunications. 
More specifically, the art~cle does not suggest that the 

ACTS could be m:x:lified to enable a base station and a 

microcell to simulcast. 

S1mriaey of the Inventioxi 

25 The present invention is directed at enabling a 
base station and a microcell to simulcast. In 
particular, the present--invention -is ··aimed- at .... -. 

synchFonizing the oscillators l~ated at the base station 
and the microcell when the two stations are joined by a 

30 metallic medium. 
One object of the invention is to provide a 

configuration of circuitry which synchronizes the 
oscillator of the base station with the oscillator of the 

microcell. By synchronizing the oscillators, the RF 
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carriers synthesized at l:x::>th the base station and the 
m.icrocell will have the sarre frequency, thus facilitating 
simulcasting. Another object of the invention is to 
compensate for the transmission delay before the base 

5 station transmits a time-of-day signal. such 
compensation would not only facilitate simulcasting by 

providing the microcell with a real time reference, but 
also provide an absolute time standard for other 
functions at the microcell. 

10 Yet another object of the invention is to provide a 
. method for synchronizing the oscillators by maintaining a 
copstant time delay between.the transrrµ.ssion.of ·the base 
station time-of-day signal and the microcell time-of-day 
signal. By maintaining a constant delay, the 

15 transmission delay between the base station and the 
microcell is negated, and the oscillators remain 
synchronized. Thus, simulcasting is facilitated. ,_ 

~till another object of the present invention is a 
method to adjust the base station's time-of-day signal to 

20 compensate for the time delay before it is transmitted to 
the microcell. In this way, a real time reference is 
available to the microcell which enables it to simulcast. 

Therefore, the present invention teaches the 
circuitcy required, as well as the method, ·to enable 

· 25 simulcasting of a base station and a microcell linked 
together by a metallic medium. 

Brief Dscripticm of the Dawinss _ --- -· -·· --·-- - ·-·--.·- --- .. . . .. -- -· ... 
For a fuller understanding of the nature and object 

of the invention, the reader should take note of the 
30 detailed description taken in connection with the 

accorrpanying drawings in which: 
Fig. 1 depicts a preferred embodiment of the present 
invention. 
Fig. 2 shows another preferred embodiment which employs a 

'.: 



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

- 5 -

corrpensation circuit. 

Detailed Description of the Present Inyention 

In some applications of microeells known as 
simulcasting, it is necessary to transmit the same radio 

5 frequencies (RF) channels at the microcell site as those 
being transmitted at the base station. In areas where 
the RF signals overlap, rrobile telephone units may 
receive both signals. Even a slight frequency difference 
between the signals is intolerable due to the beat notes 

10 produced. In a microcell syst~ using optical: fiber as 
the· transmission medium between the base station and the·. 

microcell site, simulcasting is not a problem. The fiber 
can accamodate an extremely wide band width, thus making 

it possible to transmit the RF channels generated at the 

15 base station to the microcell site unm::xiified. In areas 
where .fiber is not available or is too expensive to 
install, it would be advantages to use a metallic 
transport medium such as Tl. 

The problem with Tl, however, is that due to its 

20 limited band width, a RF signal cannot be transported 
unm::xiified fran the base station to the microcell. 
Instead, the RF signal -- a voice or data transmission 
is rrodulated into an RF carrier. generated at the . 
microcell site. At both the base station and the 

25 microcell site, the RF carriers are synthesized using a 
reference frequency generated by an oscillator. However, 

to keep the microcell . ..equipnent. small and . .inexpensive., -·it. 

is impractical to use a high stability oscillator as is 
used at ~e base station; rather, a less expensive 

30 crystal reference oscillator is used. Some means is 
therefore needed to synchronize a crystal reference 
oscillator at the microcell site with the master 
oscillator at the base station. The· present invention 

provides these means. 
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Referring now to Fig. 1, the schematic shows the 
present invention which enables a base broadcaster 3 and 
a microcell broadcaster 16 to "simulcast." Simulcasting, 
or broadcasting at the same frequency, requires 

5 synchronization of a base oscillator 1 located at a base 
station 31 and a microcell oscillator 12 located at a 
microcell 30. Base oscillator 1 -- which is typically a 
high stability oscillator such as rubidium -- provides a 
reference to a base RF carrier synthesizer 17, and a base 

10 clock 2 which outputs a base time-of-day signal. 
Microcell oscil~ator 12 is a crystal oscillator which can . . .. 
be adjusted by"a digital controller 13 containing a 
microprocessor. The output of microcell oscillator 12 is 
used as a reference frequency for both a microcell RF 

15 carrier synthes~zer 15, and a microcell clock 1~ which 
outputs a microcell tirre-of-day signal. 

Base clock 2 periodically sends the base time-of-day 
sighal to a base transmitter 4 which transmits it over 
metallic link 5 to microcell 30. At microcell 30, the 

20 base tirre-of-day signal is ccmpared with the microcell 
time-of-day signal in a microcell corrparer 11. Microcell 
ccmparer 11 periodically rronitors the signals and 

I 

calculates the tirre difference between the two signals. 
. This ti~ d?-fference represents the accumulated error 

25 between base· cic:>ck ·2 and microcell clock 14 plus the 
transmission delay between base transmitter 4 and 
ccmparer 11. Since metallic link 5 imputes a constant 
transmission delay, the time-.difference should. remain . . ... _ .. _ . 
constant if base oscillator 1 and microcell oscillator 12 

30 are s}lnchronized. If, however, the tirre difference 
changes, the oscillators are not synchronized. 

The change in time difference can be used to adjust 
microcell oscillator 12. More specifically, microcell 
corcparer 11 sends a correction signal to digital 

35 controller 13 corresponding to the tirre difference 
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change. Digital controller 13 in turn adjusts microcell 
oscillator 12 to bring the microcell tirne-of-day signal 
back within the constant transmission delay of metallic 
link 5. 'Ihus, the frequency of microcell oscillator 12 

5 can be brought arbitrarily close to the frequency of base 

oscillator 3 . 
Digital controller 13 not only adjusts microce~l 

oscillator 12, but also resets microcell clock 14. 
Resetting microcell clock 14 may be required in the event 

10 of a power failure, or sircply to match microcell.clock 14 

with base clock 2. . 

Fig. · 2 depicts another preferred embodiment of the· · 

present invention. This particular embodiment cooiprises 
an automatic carpensator circuit 33. When the tirne-of-

15 day signal is sent over rnetallic link 5, there is a 
transmission delay before this signal reaches the 
microcell. '!his transmission del~y is unpredictable due 
to uncertainties in the configuration of rnetallic link 5. 

The embodiment of Fig. 2, however, can overcome this 

20 problem. 
A base transmitter 4 sends a pulse both to.a delay 

processor 8, and along a metallic link_S to a microcell 
transponder 6. Mic:::rocell transponder 6 echoes the pulse 
back to .a base rec:::ei ver 7-,·. and base receiver sends a 

25 return signal to _delay processor B . Delay processor 8 
measures the time duration between receiving the pulse 
frcm base transmitter 4 and receiving the return signal 
fran base receiver 7. Delay processor 8 then divides 
this time duration in half to arrive at the transmission 

3 O delay. This. calculation represents the time required for 

a signal sent fran base station 31 to reach microcell 3 O. 
To conpensate for the transmission delay, delay processor 
8 sends a delay signal to a delay adjuster 9 which 

advances the base time-of-day signal before base 
35 transmitter 4 transmits it to microcell cc:xrparer 11. 
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Obviously, ntnllerous m:xlifications and variations of 
the present invention are possible in light of the above 
teachings. It is therefore understood that within the 
scope of the appended claims, the invention may be 

5 practiced otherwise than as specifically described 
herein. 
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Clai'ma: 
1. A device for synchronizing the broadcast 

frequency of a base station and a microcell linked 
together by a metallic medium, said device ccxrprises: 

5 (a} a base transmitter which transmits a base tirre-
of-day signal to a microceli carparer 
(described below}; 

(b) a microcell clock which generates a microcell 
tirre-of-day signal, and sends the microcell 

10 tirre-of-day signal to a microcell canparer 
(described below}; 

(c) a .. m:i.crocell oscillator which provides said 
microcell clock with a microcell reference 
frequency; 

15 (d) a microcell comparer which calculates a tirre 
difference between the base tirre-of-day signal 
and the microcell time-of-day signal, said 
microcell carparer outputs a correction signal 
to a digital controller (described below) ; and 

20 (e) a digital controller which adjusts siad 
microcell oscillator according to the 
correction signal. 

2. . The device. of Claim .1 .wherein the· correction 
signal is proPortional·to a change in the time 

25 difference, and wherein said digital controller adjusts 
said microcell oscillator to maintain a constant time 
difference. 

30 

....... ~ 
....... 

3. The device of Claim 1 wherein said digital 
co~troller ccrcprises circuitry to periodically reset said 

"•· ..... ~ :· :; .· . ··"' . ·- .... · . .:,. ... ·· 
I 1111111111111 11111 1111111 1111 
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microcell clock to.natch the base tirre-of-day signal by 

canpensating for the tirre difference. 

4. The device of Claim 1 further call?rising: 
(f) an autcmatic carpensating circuit carprising: 

{i) a microcell transponder which receives a 
pulse fran said base transmitter ·and·· 

25 echoes it back to a base receiver 

30 

(described below); 
(ii} a base. receiver which receives the 

echoed pulse frCm. ~id mic~ell. 
transponder, and sends a return signal 
to a delay processor (described below}; 

(iii) a delay processor which calculates a 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
* C l M S * 
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time duration between the pulse and the 
return signal, divides the time duration 
in half to arrive at a transmission 
delay, generates a delay signal 
proportional to the tr~ssion delay, 
and sends the delay signal to a delay 
adjuster (described below); and, 

a delay adjuster which advances the base 
time-of-day signal to canpensate for 
_said transmission delay before said base 
transmitter transmits the base time-of­
day ."signal to said fnicroc:ell:cacparer . 

. 5. The device of. Claim 4 wherein the correction 
signal is proportional to the time difference, and 

15 wherein said digital controller adjusts said microcell 
oscillator to reduce the time difference to zero. 

1or4 
6. The device of Claim J wherein $aid digital 

controller ccxrprises circuitry to reset said microcell 
clock in the event of a power failure. 

20 7. The device of Claim b wherein said digital 
controller carprises circuitry to periodically reset· said 
microcell clock-to natch.the.base time-of-day signal ·as 
Irodified by said delay adjuster. 

1or4 
a. The device of Claim/ wherein said microcell 

25 oscillator ccxrprises a crystal type oscillator. · 

. 1or4 
9·. The device of Claim /, further carprising: 

a base oscillator which provides a base 
reference frequency to both a base clock 
(described below) and a base RF carrier 

30 synthesizer (described below); 

111111111111111111111111111111 
* C L M S * 
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a base clock which receives the base reference 
frequency f ran said base oscillator and outputs 
the base time-of-day signal to said base 
transmitter; and 
a base RF carrier synthesizer which receives. 
the base reference frequency f rcm said base 
oscillator and outputs a base broadcasting 
signal to a base broadcaster. 

10. The device of Claim 9 wherein said base 
10 oscillator ccxnpri~es a hi~h stability, :rubidium type 

oscillator. 

11 • A method for synchronizing the broadcast 
frequency of a base station and a microcell linked 
together by a metallic rredium, said method ccxrprising: 

15 (a) transmitting a base time-of-day signal 
generated by a base oscillator to a microcell 
carparer; 

(b) _sending a microcell time-of-day signal 
generated by a microcell oscillator to said 

20 microcell caiparer; 
(c) calculating time difference of the base time­

.of-day signal with the microcell time-of-day. 
signal via said microcell carparer; 

(d) sending a correction signal frcm said microcell 

25 carparer to a digital controller, said 
correction signal corresponds to a change in 
the time difference; and 

(e) adjusting said microcell oscillator via a 
digital controller to maintain a constant time 

30 difference. 

I lllllll llllll lllll lllll II llll 
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The method of claim 11 further carprising: 
resetting said microcell clock via said digital 
controller to natch the microcell time-of-day 
signal to the base time-of-day signal while 
compensating for the time difference. 

13. A method for synchronizing the broadcast 
frequency of a base station and a microcell linked 
together by_ a metallic ~um, said method corcprising: 

10 (a). transritltting a pulse fran a base transmitter to 
a delay processor and a microcell transponder; 

(b) echoing the pulse fran said microcell 
transponder.back. to a base receiver; 

(c) measuring a time duration via said delay 
15 processor for the pulse to travel round trip 

fran said base station, to said microcell, and 

back to said base.station; 
( d) calculating transmission delay via said delay 

processor by dividing the time duration in 

20 half; 
{e) sending a delay signal fran said delay 

proc:::essor to a.delay adjuster, the delay signal 
corresponds.to transmission.delay;· 

(f) advancing a base time-of-day signal via said 
25 delay adjuster to carpen.sate for the 

transmission delay before a base transm:i.tter 
transmits the base time-of-day signal to a 
microcell carparer; 

(g) sending a microcell time-of-day signal 
30 generated by a microcell oscillator to said 

microcell caiparer; 
(h) calculating time difference of the base time­

of-day signal with the microcell time-of-day 

111111111111111111111111111111 
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signal via· said microcell carparer; 
(i) sending a correction signal fran said microcell 

carparer to a digital controller, said 
correction signal corresponds to correction 

s necessary to reduce the time difference to 
zero; and 

(j) adjusting said microcell oscillator via a 
digital controller to reduce the time 
difference to zero. 

11or13 
10 14. The method of Claim 4 further cacprising: 

{k) resetting.said microcell clock via said digital 
controller in the event of a power outage. 

15. The method of claim 13 further cacprising: 
{k) resetting said microcell clock via said digital 

15 controller to match the microcell time-of-day 
signal to the base time-of-day signal as 
rrod.ified by said delay adjuster. 

I ~llllJ ~~~Ill~ Ill~ II I~\ 


