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CONTROL CHANNEL SYNCHRONI ZATI ON BETWEEN DBC AND CELLULAR
NETWORKS BACKGROUND The present
invention is directed generally to 5 radi ocommunication systens and,

nmore parti cyhabdbsss t O t echni ques for synchroni zi ng congdtssHlessrpe! s

- bet ween separate Cel | ul ar networks. The Cellul ar tel ephone
i ndustry has nade phenonenal strides in comercial operations in the
United States as 10 well as the rest of the world. Gowh has far
exceeded expectations in mgjor netropolitan areas. Yet the
I ncreased nunber of users presents many chgll enges, such as howto
ensure sufficient systemcapacity to accommopdate t he increased nunber
of users. 15 One way (QONTROLIc SHANYEDaSYNGHRONIZATION easi ng t he

BETWEEN DBC AND CELLULAR NETWORKS

BACKGROUND
The present invention is directed generally to

5 radiocommunication systems and, more particularly, to
techniqﬁes for synchronizing control channels between
separate Cellular networks.

The Cellular telephone industry has made phenomenal
strides in commercial operations in the United States as

10 well as the rest of the world. Growth has far exceeded
expectations in major metropolitan areas. Yet the
increased number of users presents many challenges, such
as how to ensure sufficient system capacity to accommodate
the increased number of users.

15 One way to increase capacity is by increasing the
efficiency in which the available Cellular spectrum is
used. For instance, converting older énalog systems to
digital systems has improved system capacity. In North
America, this change was implemented by transitioning from

20 the analog AMPS system to a hybrid system employing both

. digital and analog access technologies, which is known as
IS-54. I1S-54 employs FDMA to carry out the analog
processing of calls, and uses TDMA to perform digital
processing of calls. Another hybrid system, I1S-95, uses

25 spread spectrum techniques (CDMA) to perform digital
processing of calls, resulting in vyet a further
improvement in carrying capacity. I15-54 divides the
spectrum into 30 KHz wide channels. '

The FCC has also responded to the needs of the

30 Cellular community by allocating more spectrum for
Cellular traffic. For example, the FCC originally
allocated two Dblocks of frequencies for Cellular
communications. Frequencies in the range of 825-845 MHz
were employed in the uplink, while freguencies in the
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5 portion of the radio spectrum would be regulated in the

same manner as the Cellular spectrum, which enables the

Cellular industry to employ Cellular technology in this

spectrum. The LMR spectrum is contiguous with the

_ Cellular band. It runs from 806-824 MHz for the uplink

10 and 851-869 MHz for the downlink and has been
traditionally wused for transmission trunked dispatch
service. The application of Cellular techniques in non-
standard spectrum ranges is referred to herein as
downbanded Cellular (DBC). _

15 Yet the use of Cellular technology in non-standard
_spectrum ranges creates a - number of challenges. Notably,
portions of the LMR spectrum were allocated into 25 KHz
channels, and accordingly, portions of the spectrum are
owned by various network operators in 25 KHz chunks.

20 Conceptually, it is possible to implement Cellular
techniques using channels of 25 KHz, such as by employing
the Japahese standard for Personal Digital Cellular (PDC),
which already operates using channels having a 25 KHz
bandwidth. Although this solution appears promising on

25 the surface, it has a number of significant drawbacks.
For example, the PDC system is incompatible with the North
American DAMPS system, thereby adding to cost and
complexity of integrating this technique into existing
systems in the United States. From a cost and efficiency

30 standpoint, it would be desirable to employ the same
equipment traditionally used in the conventional Cellular
spectrum in the LMR spectrum, or at least minimize the
revisions necessary to render conventional Cellular
technology compatible for use in the LMR spectrum.
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2 range of 870-890 MHz were used for the downlink. In 1987, the
FCC all ocated an additional 5 MHz to each bl ock to increase the

Cel lul ar capacity. More recently, in 1994, the FCC announced t hat
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usi ng channel s leWaley gnpire}ly separate switching centers (MSCs) operated
by different network operators. Accordingly, the control
channels used by the different MSCs will not be
synchronized. This makes hand-off between a DBC network
10 and a Cellular network (or vice versa) unreliable, and
increases the chances of dropped calls.

Accordingly, it is one exemplary objective of the
present invention to provide a downbanded Cellular network
which is compatible with existing standard Cellular

15 networks. .

It is a further exemplary objective of the present
invention to provide a mechanism for efficiently and
reliably performing hand-off between a downbanded Cellular
network and a standard Cellular network, or another

20 downbanded Cellular network.
SUMMARY
- These and other objectives are achieved according to
exemplary embodiments of the present invention by adapting
a portion of the frequency spectrum allocated to Land
25 Mobile Radic (LMR) for use as downbanded Cellular (DBC)
channels. To promote compatibility with existing standard
Cellular systems, the 25 KHz channels traditionally used
within the LMR spectrum are converted into 30 KHz
channels. The center frequencies of the 30 KHz DBRC
30 channels are selected to form an arithmetic series with
the center frequencies employed in the traditional
Cellular spectrum.

Another exemplary embodiment of the present invention

provides a mechanism for synchronizing the control
35 channels between a downbanded Cellular network and a



bandﬁﬁdtﬁ: Al t hough this solution appears prom sing on 25 the surface, it

has a nunber of significant drawbacks. For exanple, the PDC systemis
i nconpatible with the North Anrerican DAMPS system thereby adding to
cost and conpl exity of int?L—“’ et T eChni\lque ingo existhng N
systens in skysg ed States. Frip I 4l ency andpoi n
i¥ woul d bewgggirable to enpl oy ' ' ent trggpﬁﬁgﬂgsF used
in the conventional Cellular 5 I n the LMR spectrum or at |east
m nimze the revi si ons necessary to render conventional Cellular
technol ogy conpatible for use in the LMR spectrun1 WO 97/ 36388
PCT/ US97/ 04382 3 Even i f DAMPS
conpati bl e technol ogy i s used, |ntegrat|on of downbanded Cel | ul ar (DBC)
networks wi th standard Cellular network or another downbanded Cellular
network. A monitor module is employed which monitors

timing codes transmitting by a switching center MSC of the

downbanded network and a switching center MSC of the
5 stendard Cellular network. Separation between the codes

from the two networks by more than a prescribed threshold

duration indicates an unsatisfactory state of

synchronization between the two networks. In this event,

corrective action is taken to ensure that hand-off occurs
10 without a dropped call or loss of information.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing, and other, objects, features and
advantages of the present invention will be more readily

15 underetood'upon reading the following detailed description
in conjunction with the drawings in which:

Figure 1 illustrates the mapping of LMR channels into
DBC channels according to the present invention at a
conceptual level;

20 Figure 2 illustrates a detailed example of how
particular LMR channel groups can be Iechahnelized to
provide DBC channels according to the present invention;

Figure 3 illustrates a DBC system according to the
‘present invention  that is adjacent to a conventional

25 Cellular system;

Figure 4 illustrates a DBC system according to the
present invention that is coincident with a conventional
Cellular system;

Figure 5 illustrates a block diagram of a portlon of

30 an exemplary radio communication system according to the
present invention;

Figure 6 is a schematic diagram of an exemplary
microproceseor-based apparatus for measuring the
synchronization between the control channels of a DBC and

35 conventional Cellular systems; and
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traditional pre-existing Cellular networks is problematic. At least in
the initial stages of inplenentation, the DBC 5 networks and their

traditional Cellular counterparts wll enpl oy entirely separate
switching centers (MsSCs) operated by different network operators.
Accor di ngl y,wé b, trol channel s used by the differentpdMogsoritidgh not
be synchroni zed. This makes hand-of f between a DBC network 10 and a
Cel lul ar network (or vice versa) unreliable, and i ncreases the chances
of dropped calls. Accordingly, it is one exenplary objective of

t he present invention to provide a downbanded Cel |l ul ar network

which is conpatible with existing standardsCel | ul ar 15 networks.

It is a further exenplary objective of the present i nvention to
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The center freq‘f%%ﬁaeinoﬁrhgﬁ &9 #dC a3 ho‘iBﬁﬁﬂ%ﬁdé’f%é%ﬁ&f eF kPef OFm
an arithnetic sérres wt t center frequehci es enploye n'the
traditional - invention. However it will be apparent to oneé skilled in
 the art that the present invention may be practiced in
10 other embodiments that depart from these specific details.
In other instances, detailed descriptions of well-known
methods, devices, and circuits are omitted so as not to
obgcure the description of the present invention with
unnecessary detail.
15 Related application, Serial No. 08/622,311 by Thomas
A. Przelomiec, which is incorporated herein by reference,
describes a manner of creating channels in the LMR
spectrum. As discussed in the above referenced
application, in the Cellular spectrum, a mobile
20 transmitter is allocated channel numbers N encompassing 1
- < N < 788 and 9850 s N 1023, The centexr freguencies
assigned to these two gfoups are given by £ = (0.030 * N
+ B25.000) MHz and £ = (0.030 * (N-1023) + B825.000) MHz,
respectively. The base transmitter in the Cellular
25 spectrum is allocated channels encompassed by 1 = N s 799
and 990 < N < 1023. The center frequencies assigned to
these two groups are given by £ = (0.030 * N + 870.000)

MHz and £ = (0.030 * (N-1023) + 870.000) MHz,
respectively. As indicated, the channels are 30 KHz wide.
30 In the LMR spectrum, a mobile transmitter is

allocated channel numbers N encompassed by 1 s N s 720
having center frequencies defined by
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Specific countries may depart from this generalized
description to varying extent (e.g. the U.s. actually
divides the LMR spectrum up into 600 channels at 25 KHz
spacing and 230 channels at 12.5 KHz spacing) .

10 According to exemplary embodiments, the present
invention dispenses with the traditional use of 25 KHz
channels in the LMR spectrum, and instead uses 30 KHz
channels to promote compatibility with the Cellular
spectrum and the pre-existing equipment for operation

15 therein. More specifically, every six 25 KHz channels are
converted into a five 30 KHz channels, as illustrated in
Figure 1. The center frequencies of the 30 KHz channels
are further chosen such that they are natural extensions
of the center frequencies used in the standard Cellular

20 spectrum. Specifically, according to the present
1nvent10n, the channels for the mobile transmitters 1n the
LMR spectrum now range from 1 s N = 600 with center
frequencies defined by £ = (0.030 * N + 805.980) MHz. The
channels for the base transmitters in the LMR spectrum now

-25 range from 1 s N s 600 with center frequencies defined by
f = (0.030 * N + 850.980) MHz. The choice of center
frequencies given above allows network operators to employ
pre-existing Cellular spectrum equipment for use in the
LMR spectrum with very little modification. For insténce,

‘30 the standard Cellular mobile transmitter hardware is
modified simply by adjusting its rf section for use in the

'LMR  spectrum. Further, allocating the DBC center
frequencies to complement the standard Cellular center
frequencies allows a single communication technology to

35 interact with bqt'n the DBC and Cellular spectrums.



"SMR' channels) into DBC channels according to the present invention at a
15 conceptual |evel: Figure 2 illustrates a detailed
exanpl e of how particul ar channel groups LMR (denoted in this Fi gure
as "SMR' channel groups) can be rechannelized to provide

channel s ac %&o the present invention; (ﬁg?g "“’ab
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adj acent to a conventional Cellular system Figure 4
illustrates a DBC systemaccording to the present invention that is
coincident wth a conventional Cellular system Figure 5

illustrates a block diagram of a portion ¢f an exenplary radio
comuni cation system according to the present invention: 25
Figure 6 is a schenma®hdledtlagraiove chantediphaipn stlosmpieceenstibbasesr
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of a DBC conventi
As illustrated in Figure 2, certaln network.operators will

own non-contiguous channels and channel groups.
5 Specifically, the shaded portions on the upper tier of
channels reflects LMR channels owned by a first network
operator, while the non-shaded channels indicate LMR
channels owned by a second network operator. The 25 KHz
LMR channels are labeled with channels numbers 1-6 for
10 illustration purposes only. Note that the LMR operator
who owns the shaded portion of the spectrum has two
contiguous blocks of IMR frequencies having 3 channels
each. These blocks have a total width of 75 KHz. This
would accommodate two contiguous blocks of expanded DBC
15 channels having 2 channels each -- or 60 KHz. A spectrum-
maximizing approach to the problem would therefore dictate
converting the block of 3 LMR channels intoc 2 DBC
channels. But using the center frequencies defined by the
present invention, each block of 3 LMR channels can only
20 be converted into 1 DBC channel as indicated by the shaded
channels located on the lower tier of channels in Figure

. 2.
The present invention therefore admittedly expands
channels in manner which may fail to fully utilize the LMR
25 spectrum. But Applicants have recognized that the
advantages gained through the above described
channelization far'outweigh its negative aspects. First,
as mentioned, pre-existing Cellular equipment can be used
in the IMR spectrum with very 1little modification.
30 Second, by forcing consistency among IMR network
operators, the invention creates improvements which find
applicability on a global scale, as opposed to a local LMR
market. Third, the unused LMR spectrum is not "wasted";
rather, it serves a beneficial role as guard bands between
35 adjacent channels. Spectrum not éncompassed'by a 30 KHz
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Figurés 7-9 are schematic flow charts showi ng exenpl ary programcontro

steps perfornmed by the enbodi nent shown in Figure 6.

DETAI LED DESCRI PTI ON 5 In the follow ng -description, for
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9 for a %ugfer understanding of the benefits afforded by the

above described channelization scheme.

10 Having established a foundation for compatibility
between the technology operating in the LMR and Cellular
spectrums, the invention enables a user in the DBC network
to switch between a DBC system and a Cellular system, or
vice versa. For instance, an operator in a DBC network

15 may wish to enter an adjacent geographic area which is not
covered by the DBC system, but which is encompassed by a
conventional Cellular system. The present invention
allows the user to hand-off between the DBC gystem and the
Cellular system in mid-call. Alternatively, a geographic

20 area may contain a DBC system which is coincident with a
pbrtion of a more encompassing Cellular network coverage.
An operator may wish to travel beyond the bounds of the
DBC coverage. Again, the present invention allows the
user to hand-off between the DBC system and the Cellular

25 system in mid-call.

These two scenarios are illustrated in Figuresg 3 and
4, respectively. In Figure 3, a DBC system is positioned
adjacent to a Cellular system. The DBC system is
illustrated as having a plurality of cells each of which

30 are supported by a mobile switching center (MSC) 30.
Similarly, the Cellular system has a plurality of cells
supported by three MSCs 320, 340 and 360. Each cell
includes one or more base stations (not shown) connected
to its respective MSC for transmitting signals to, and

35 receiving signals from, mobile stations (also not shown)
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within the cell. 1In this exemplary configuration, the DBC

system provides additional geographic coverage which would
allow, for example, the operator of the Cellular system to
provide greater geographic service to its customers.

5 In Figure 4 each of the larger circles and ellipses
represents a Cellular system and each of the smaller
circles within . Cellular system 400 represents a DBC
system. Thus, this example illustrates a case where DBC
systems are coincident with a Cellular system and can be

10 used to supplement the Cellular system’s capacity.
Because of the channelization scheme employed in the
present invention, the MSC and base stations used in the
DBC networks of Figures 3 and 4 can comprise standard
Cellular technology modified to operate in the LMR band.
15 By way of illustration, and not limitation, Figure 5 shows
an exemplary MSC 540, base station 510 and mobile 520
which may be employed in the DBC network. The base
station includes a control and processing unit 530 which
is connected to the MSC 140 which in turn is connected to

20 the public switched telephone network (not shown).
The base station 510 for a cell includes a plurality
. ' of voice channels handled by voice chamnel transceiver 550
which is controlled by' the control and processing unit
$30. Also, each baée station includes a control channel
25 transceiver 560 which may be capable of handling more than
one control channel. The control channel transceiver 560
is controlled by the control and processing unit 530. The
control channel transceiver 560 broadcasts control
information over the control channel of the base station

30 or cell to mobiles locked to that control channel. The
voice channel transceiver handles the traffic or voice
channels. When the mobile 520 first enters the idle mode,
it will locate a DBC contreol channel from which it can
acquire overhead information and listen for pages. Again,

35 those skilled in the art will appreciate that DBC base
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pronote conpafl Ity with the Cellul ar spectrum and ?ﬁ@“ﬁ?@“&ﬁsulng
equi pnent for operation 15 therein. More specifically, every six 25 KHz
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technol ogy ot 0 33gnahNipicebsihbh 295Rqt be e Qyjl&éyb PECL T ULt
and B. Ekelund, which disclosure is incorporated here by
reference.

Hand-off between different base stations within the
DBC network also proceeds according to the standard
15 protocols established for Cellular networks. See, for
example, the standards set forth in IS-136.1 and IS-136.2
(PN-3474.1 and PN-3474.2 of December 15, 1995,
respectively), incorporated herein by reference. However,
hand-off from a DBC base station and a Cellular base
20 station presents a special circumstance. More
specifically, the MSCs of the DBC network are independent
of the MSCs of the Cellular network, and are typically
owned by different network operators. There is no common
command center. Accordingly, the information transmitted
25 on the control channels of the DBC base station is not
necessarily synchronized with the information transmitted
on the control channels of the Cellular base stations.
Thus, before hand-off can reliably occur, the MSCs of the
two different networks must communicate with each othér to
30 ensure adequate synchronization in their control channel
transmissions. 'Otherwise, calls may be dropped, or bits
may be discarded. Also, error checking capabilities may

be disrupted.
Generally speaking, the present invention ensures
35 that the control channels are synéhronized by employing
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7 VWil e the above ¢ el i zation schene is sensible for t he
reasons given, it is in many = [tive. "As illustrated in
Figure 2, certain netmork o-=rator‘P'nggfgg@ non-conti guous  channels
and chann 5 Spetifieg shaged portions dgaer
tier of %Ioﬂaﬁ%g S reflects LMR ch S—~owafd by a fi rstpﬁgp\?\g,rk
operator, while the non-shaded channels indicate LMR channel s owned by
a second network operator. The 25 KHz LMR channels are | abeled with
channel s nunbers 1-6 for 10 illustration purposes only. Note that the LMR
oper at or who owns the shaded portion ofithe spectrum has two

contiguous bl ocks of LMR frequenci es having 3 channel s each. These

bl ocks have a t aheal mwirdithrofmoullétzsetThferth in the parent application

Serial No. entitled "Control Channel Timing
Detection and Self Correction for Digitally Trunked

Simulcast Radio Communications SYstem" by Thomas A. Brown,
5 which in incorporated herein by reference in its entirety.
More specifically, the DBC network and the standard
" Cellular network employ one or more monitors, each of
which receives control channel information from both the
DBC network and the standard Cellular network. Each

10 monitor compares the control channel information received
from the DBC network with control channel information
received from the standard Cellular nétwork. More
particularly, the control channel includes various codes
occurring at spaced time intervals, hereinafter referred

15 to as timing codes. The monitor compares the time it
receives control channel timing codes from the DBC network
with the time it receives corrésponding control channel
timing codes from the standard Cellular network. If the
control messages from the two networks are in sync, the

20 timing codes from the DBC network will be received at
substantially the same time as the control channel codes

. from the Cellular network. The separation between the DBC
and Cellular timing codes reflects the extent to which the
two networks are out of sync.

.25 - If the separation between DBC and Cellular timing
codes is within a prescribed tolerance threshold then
hand-off can proceed between the DBC and Cellular
frequencies according to normal hand-off protocol (e.g.
note the standards set forth in I5-136.1 and 1IS-136.2

30 incorporated by reference herein; and particularly section
2.1.3.3.5 of IS-136.2). More specifically, according to
one exemplary embodiment, upbn receiving a hand-off order
from a base station, the mobile will transmit shortened
timing bursts at the standard offset reference (SOR)

35 position until it receives a time alignment order from the

"R i‘ﬂm




woul d acconmodat e two conti guous bl ocks of expanded DBC 15 channel s havi ng

2 channels each -- or 60 KHz. A spectrum maxi m zi ng -approach to the
probl em woul d therefore dictate converting the block of 3 LM
channels into- 2 DBC channel s. But using the center frequencies
defined by the present invention, each block of 3 LMR channels can only
20 be conweovwEdBMt o 1 DBC channel as indicated by the shX§EAIS97/04382
channel s | ocated on the lower tier of channels in Figure 2.

The present invention therefore admttedly expands channel s i n manner
which may fail to fully utilize the LMR 25 spectrum But Applicants
have recognized that the advant ages gai ned t hr ough the. above
descri bed channel i zation far outwei gd2i ts negative aspects. First,

as mentioned, pre-existing Cell ul ar equi.pnent .can _he used in the LMR -
spectrum wi t h \RASP 155258 rodi fYRER iT57ES33 79 S&&ofd™e A 19grptngrder.
consi stency andmy ndlectstatdon adip@ts orids t Heranspdssiion crtiaiag

i nprovenent s Wi &lpAdithly an@PRiH&GRDbELAYs Ot @ Rei ngC o fime 2R19RpREEd O
a local LMR mar ket”. Third, thg in%sed LMR spectrumis not "wasted";
rather, it ser SIS B28%8535d%uar d bands between 35 adj acent

channel s. Spect r umTbt thacsepasstionybat@eexHPBC and Cellular control

channel timing codes is outside the prescribed tolerance,

then corrective action may proceed on either the MSC level

or the base station level. In the former case, the clocks

in MSCs are directly adjusted to ensure synchronization in

10 the control channel information transmitted to the base

stations. For example, the timing of the DBC MSC can be

adjusted so that it duplicates the timing of the standard

Cellular MSC, or vice versa (depending on what MSC is

designated "master“).'.Alternatively, both the DBC MSC and

15 the standard Cellular MSC may be adjusted relative to

common reference signals (e.g. as .supplied_ through

mutually connected telephone lines).

Corrective action on the base station level entails

monitoring the synchronization between the two base

20 stations involved in the hand-off. For instance, the DBC

. " base station may adjust its transmission of control

channel information to duplicate the timing of the

transmission of control channel information by the

standard Cellular base station or vice versa (depending on

25 what  base station is designated as "master") .

Alternatively, the timing of both base stations may be
adjusted by a normalization procedure.

| Parent Application Serial No. 07/906,438 outlines

various techniques for measuring the extent to which a

30 first transmitting station and a second transmitting

station are synchronized with each other. Figure 6 is a

simplified schematic block diagram of an exemplary

technique from that application which may be employed by

the present invention. As shown therein, a monitoxr 600

35 receives a variety of timing signals from various MSCs
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8 channel may al so be used in conjunction with alternative 25KHz
technol ogy (e.g. ERI CSSON s EDACS Public Safety Trunki ng (PST)

Technol ogy) . Further novel aspects of the channelization schene 5
enpl oyed by the present invention are discussed in the above

ref er enced P&?ﬁ appl i cation, Seri al No. 08/ 62 2FCHYSIT/H4382
reader is referred to that application for a fuller understandi ng of
the benefits afforded by the above descri bed channelization schene. 10
Havi ng established a foundation for conpatibility bet ween t he

t echnol ogy operating in the LMR and CE||U|3§ spectruns, the invention
enabl es a user in the DBC network to swiich between a DBC system and a

Cel | ul ar system t?xrro h ¥éES;¥§{»§asof?i)id‘bit éﬂce P%?r %Hfsft% Q:re i I}e%enr(é‘I
network 15 rmay w s §o enter an ad acent geo%raghlc area i ¢hi

covered by the Déel téﬁFebﬁFSV\h+'B g CHRD ddp\PBE netm&@?nvé!ﬂi’tlrl(mal
Cel | ul ar systenrreciheepresemn) recefvvesntimingabbdes Ehemushe t@lh@ﬂduﬂff

between the DBC seh8Mandthiling codls! Guhakatdd! S b "br!hg@' Msc. which
Alternatively, a ograghlc 20 ar ea n%y contain %
coi nci dent Wi gg xist are received by corresponding recelvers 601(3)-

601 (n). However, for to facilitate discussion, only three
receivers are shown 601(3)-601(n). Monitor modules 600
may be located throughout the DBC and standard Cellular
- networks according to the particular design objectives of
10 the network operators. Preferably, for the monitors will
be located at the base station sites and/or the MSC sites
of the networks.

As shown in Figure 6, monitor 600 includes a
microprocessor 602 which. is coupled in a conventional
15 manner via bus 604 to read only memory (ROM) 606, random
access mewory (RAM) 608, EEPROM 610, UART (universal
asynchronous receiver/transmitter) 612, latch 614,
programmable divider 616, and counter/timers 618. ROM 606
stores program control instructions for execution by
20 microprocessor 602. RAM 608 provides writable memory
locations for use by mwmicroprocessor 602 while it is
executing, and non-volatile EEPROM 610 is used primarily
for storage of calibration information in the preferred
embodiment (as will be explained). Microprocessor 602
25 executes routines for calibration, timing wonitoring,
counter/time control, and communication through UART 612

as will be explained in connection with Figures 7-9.
Counter/timers 618 are controlled by microprocessor
602 via bus 604, and act to precisely (with a precision
30 determined by set-up and clock reference values) measure
the time between receipt of inputs provided via a user
. interface 620. User interface 620 in the preferred
embodiment 1is connected to receive signals from RF
receivers 601(1)-601(3). User interface 620. includes
35 circuitry on each input providing a single pulse for each



portion of a nore enconpassing Cellul ar network coverage. An oper at or
may wi sh to travel beyond the bounds of the DBC coverage. Again, the
present invention allows the user to hand-of f between the DBC system
and the Cellular 25 systemin md-call. These two scenarios are
illustrated in Figures 3 and 4, respectively. In Figure 3, a DBC
systemis pWONBeEEd adjacent to a Cellular systemPCT/USSm043828C
system is - illustrated as having a plurality of cells each of which 30
are supported by a nobile switching center (MSC) 30. Simlarly, the
Cellul ar systemhas a plurality of cells supported by three MSCs 320,
340 and 360. Each cel |l I ncl udes one or nore base stations (not

shown) connect ed toits respective V5& for transmtting signals to,

d 35 i Vi ' s f bile statio al so. not shown
\6/1\?) 97/ 36;)3;6' VINEE St NG puPEt TRPut Gt &?el(a Sfﬁg‘ﬁ0§§52 )of the

pulse being a direct function of the corresponding MscC
control channel frame timing). _

An oscillator 622 generates a high frequency clock

5 (e.g., 10 megahertz or higher) for microprocessor 602, and
is also coupled to the input of programmable divider 615.
Programmable divider 616 divides the rate of the clock
signal provided by oscillator 622 by a divider that is set
by microprocessor 602, and provides the divided rate clock

10 signal to a clocking input of counter/timers 618. Since
programmable divider 616 is programmable in response to
data received from microprocessor 602, the microprocessor
can directly control the rate (precision) of the counting
operation performed by counter/timers 618.

15 ' A latch 614 provides an interface to programmable DIP
switches 624 (i.e., to permit local manual programming of
certain parameters of monitor 600) and also may provide
outputs to 1local output/display 626 (which in the
preferred embodiment may comprise LEDs and associated

20 drivers to provide a local display of faults).

UART 612 is coupled to a conventional modem port 628
s0 as to permit microprocessor 602 to éommunicate with
external devices (e.g., a central controller) via a
conventional telephone line or other convenient link. A

25 ncalibrate" block 630 and associated momentary-on switch
632 provide momentary switch closure and debounce to
locally initiate timing calibration (this switching
function may also be remotely activated if desired).
Depression of the momentary on calibration switch 632

30 causes monitor 600 to acquire the present relative timing
of the inputs and store this as the "correct reference"
timing. Reset block 632 provides an automatic power-
reset, and may also provide a momentary-on manually-
depressible switch for initiating a reset of monitor 600.



9 * wi'thin the cell. In this exenplary configuration, the DBC system
provi des additional geographi c coverage which woul d all ow, for exanple,
the operator of the Cellular systemto provi de greater geographic
service to its custoners. 5 In Figure 4 each of the larger circles
and el lipses represents a Cellular system and each of the snaller
circles withiWO®MI6 ar system 400 represents a DBC sYSTUSYT/OM38Es |
this exanple illustrates a case where DBC systens are coincident with a
Cel lul ar system and can be 10 used to supplenent the Cellular system s
capacity. Because of the channelization schene enployed in the
present invention, the MSC and base stati ons used in the DBC net wor ks
of Figures 3 and 4 can corrpri se standard 5Cel | ul ar technol ogy m)di fied

to operate in the LVMR_hand. way trati nd pot atlon
Figure 5 shows ﬁ"g}?«gﬁpl ar y“SK/sé Siggegjéé%ésta |"gér%iq§%0 8gd ?’r’[‘)% P%

whi ch may be errpImmamcohbr@@mwekffomﬁfﬁeb}ﬁa@@roprooﬁsépiroﬁOPn‘ep%es
a control and prQCessHidld dHi roé&aamm reset ) S Mi)@ﬁ@ﬁi-@é’eéébﬁ heo M54 40

which in turn is connect 0 ublic svmt he ele hone
(not shown). er ﬁgd b%%% g, P‘g‘ﬁp‘ FIefEP & % Ql g#’ﬂo‘é]ﬂ ty’
of voi ce charfnel ¥50andl eMilpyropsiocesepanred2 t Fhﬁsceﬂaﬁeﬂs 5613e contgnteh ©f

control l ed by thesepedM ahoaaédmr;eeswme@nsm ana%?c%re@ %ﬁoseaebn{?éﬁes
station includes a control chann

transce
capabl e of handl |’_ﬁﬂ:°nDFBPFﬁ8ﬁlate %‘?Feat@b%sr 3]"' %ﬁ‘éﬁngﬁg& Tr#é’ o%?’ry‘ol E"t‘ﬁ‘?}ﬂﬁnel
transceiver 560 referienceonfblddkal B§2t he?5ddnt r oMigrdpproeessrn@ani thék0.

The tests a predetermined bit of DIP switch 624 (decision

10 block  656) to determine whether it should |use

tolerance/decision data stored within EEPROM 610 (block

758) or whether it should instead use values programmed

manually via DIP switches 624 (block 760). DIP switches

624 in the preferred embodiment thus provide a “"manual

15 override' function so as to permit local manual

programming of the default tolerance and precision data

stored within EEPROM 610.

- Microprocessor 602 subsequently initializes and sets

up UART 612 (block 760), sets up programmable interval

20 timer 616 (i.e., by writing appropriate values obtained

from one of blocks 760, 758) (block 762), and then sets up

counter/timers 618 -(block 764) (similarly by wusing
appropriate values obtained via blocks 758 or 760).

Microprocessor 602 next tests the contents of RAM 608

25 to determine whether a relative timing wvalue used as a

reference for monitoring was obtained from EEPROM 610 by

block 752 (decision block 766). If no reference timing

values were obtained from EEPROM 610, then microprocessor

602 writes alternating "1" and "0 values to latch 614 so

30 as to "flash" local output/display 626 to indicate a need

' for calibration (block 268). Microprocessor 602 will

. continually loop in this fashion until the user depresses

the calibrate switch 632 so as to provide a "calibrate"

interrupt that causes the microprocessor to execute the

35 calibration routine shown in Figure 7. If, on the other



control channel transceiver 560 broadcasts control i nformati on over
the control channel of the base station 30 or cell to nobiles |ocked to

that control channel. The voi ce channel transceiver handles the
traffic or voice channel s. When the nobile 520 first enters the idle
nmode, it will locate a DBC control channel fromwhich it can

acqui re ovewoad63s®f or rati on and listen for pages. Again, IETUSSTIOES2
skilled in the art will appreciate that DBC base WO 97/ 36338

PCT/ US97/ 04382 10 stations and
nobi |l e stations can be manufactured using substantially the sanme
conmponents as conventional Cellul ar base stations and nobile
stations, with certain exceptions, 6. g., DBC equi prent will have the

rf 5 capabilit o operate in the LMR frequency band. Readers
P hgné, a;ﬁ:ropreiate reference gact]ta wa¥s read from EEPROM 610

by block 752, the reset routine exits to the main routine
shown in Figure 8.
Referring now to Figure 8, the calibrate interrupt
5 routine is executed whenever a user manually depresses
calibrate switch 632. In the preferred embodiment, the
counter/timer block 618 includes a counter for each of
MSCs. Such counters are programmable and may function as
either an "up” counter or as a "one shot" in the preferred
10 embodiment. Microprocessor 602 programs a “reference"
counter to act as a one shot, and programs the other
counters to function as up counters in the preferred
embodiment. The counters count up from zero at the rate
of the divided-down clock pulses provided by programmable
i5 divider 616. The counters begin counting up at the
command of microprocessor 602, and stop counting upon
receipt of a pulse outputted by associated RF receiver
601(1)-601(3) via input interface 620.
The calibrate routine first initializes and starts
20 all of the counters within counter/timers block 618 (block
870), and then continually reads the counters and stores
their associated counts (block 872). Once all counters
have stopped (as tested for by decision block 874),
microprocessor 602 compares the values it has read to
25 calculate the relative timing between receipt of frame
timing indication outputs provided by receivers 601(1)-
- 601(3). So long as the calibration routine is executed
during normal system operation when all of the -site
outbound control channels are substantially exactly
30 synchronized with one another, block 876 performed in the
course of the calibration routine will automatically
obtain system reference data indicating "normal" timing
differences between the various inputs to input interface
820 that are attributable to differential time delays



interested in obtaining additional information relating to nor e
specific details of exenplary nobile and base station I npl enent ati ons
are directed to copending U S. Patent Applicati on Serial No.

07/ 967,027 entitled "Multi-Mdde 10 Signal Processing” filed on Cctober 27,
1992 to P. Dent and B. Ekel und, which disclosure is incorporated here
by r ef er 0736388 Hand-of f between different base sPEFUSHO&R! hin
t he DBC network al so proceeds according to the standard 15 protocols
established for Cellular networks. See, for exanpl e, the standards
set forth in IS 136.1 and |S-136.2 (PN— 3474.1 and PN-3474.2 of
Decenber 15, 1995, respectively), n:!c) rporated herein by reference.
However, hand-of f from a DBC base stati and a Cel lul ar base 20

station present SReci re
specifically, thgntl\}g%gng H?l e@lLe mShiEHPEE;% g‘i-oc gsengeyb dlffefrefﬁéal%Cs

of the Cellul ar Re&tRotinks gnd he yhikeas 1scus§ﬁﬁeﬁ BVedi f f erent network
operators. There is nCheonimroproces=wmEnd aksd e’feteémﬁﬁedl wEloh idfut is

i nformati on trans@at,_,&re(gsﬁ aﬁa ;_\ggscgpﬁréol n&ﬁ ?:h%f tE&FI[sgB% %ae%eeg%t ation.
e a

i S not necessarily synchronized wth n OI’ITB.tIO
on the contr&® cHBRABEl sPeFMalhe SYBLEM FPexAlcdan awhens all sithgs adsef gne

hand-of f can rel isablsyanetal ,syrehddiizarficnheith ond WRothbferand spgwWRLKS
must. communi cat o eh AGYs0aBaiar I8 WIRRUELAUEANRLE NG OB ZALLGY |

their control channel nsm SSi REY 6% M5
or bits may aﬂé'aéfﬁsc%ﬁ‘%ﬁﬁj. ong| Qf. (SPPortl@ﬁ%%kr’fﬁgeé!iﬂabquitﬁlésﬁmyii)

be di srupted. outputs €onbeebhy apeiwke NPriddherdPrifceBtidly ANd FecRIYERES
10 outputs. Reference data indicating differential delay
between the reference input and each of the other inputs
is obtained from the stopped counter values and stored in

EEPROM 610 (block 878).

The main monitoring. routine executed by
15 microprocessor 602 is schematically shown in Figure 9.
Subsequent to reset (and assuming that calibration has
already been performed), microprocessor 602 tests for
messages received via modem 676 ahd UART 612 (decision
block 980) and processes any such received messages (block
20 982) . Microprocessor 602 has already initialized as a
"one shot" the programmable counter within counter/timer
618 corresponding to the '"earliest" (i.e., reference)
input (as indicated by the cahbratlon data stored in
EEPROM 610) to input interface 620. Microprocessor 602
25 waits for occurrence of the one shot output corresponding
to the "earliest" site to become active (block 984). Once
microprocessor 602 detects that the "earliest® site output
has become active, the microprocessor initializes the
counters in the count up mode (block 986), and then
30 enables the counters to count (block 988). Each of the
counters begins to count, and stops counting when its
. associated receiver 601(1)-601(3) has produced an output
indicating that a timing pulse has occurred on the
'corresponding MSC outbound control channel.
35 Microprocessor 602 then waits for all of the counters to



35 fhat the control channels are synchroni zed by enpl oyi ng
the nonitor nodule set forth in the parent application Serial No.

07/ 906, 438, now U S. Patent No. 5,594,761, enntitled "Control
Channel Tim ng Detection and Self Correction for Digitally Trunked
Si mul cast Radi o Comuni cati ons Systeni by Thomas A. Brown, which

in mcorpor‘HPéa’:’Wel n by reference inits entirety. Mre POJ/US97/04382
specifically,” the DBC network and the standard Cel | ul ar network enpl oy one

or nore nmoni tors, each of which receives control channel infornmation
fromboth the DBC network and the standard Cel |l ul ar network. Each
noni tor conpares the control channel information received fromthe
DBC network with cont rol . channel i nPornmation received fromthe

standard Cel | ulag r | aryd.y e control channel
i ncl udes vari oug o %ﬁiﬁ%lj‘.n I\/?&g%g% §§&)u l}t r%‘tll%n 8%85! STHRRTRY AR ERST
referred to aséPRnrrgdeoats cmt?-lﬁl flber%r&?%)e@ntihevmlnetes the cremd

control datannalirg nimg ﬁédéﬁezfxd&@mihbe BRcreat Mrtgn‘ﬂ ;ﬁtﬂm té1@ it
recei ves correspendin cqnt.r nn i mong, codes fr

standard Cel | uS(%R %gt \%34 Iilf %ggcgrflt %(B) cgun%erﬁe%%%ﬁ%% 3% ﬂﬂfﬁe%%
net wor ks abe i nssynélgnhél@ﬁlhl'—l\xj cetdLement t héli PBC netondsiides ofwi la be

recei ved at SUP&%@%@%E&MeHhetmﬁdmfiémi hQ:l'fé)nEéthEQé‘{'QﬁloBQ <Fr0m
t _he_ da lt% nneut.é’\x@cgproc-:@sesosrepgrdat Igoerhebr%ttvéese at r}.%u?% :Lgaetl:nl.gn
timng codes !
{block 996). Upon detecting a fault indication,
corrective action may ©proceed to ensure proper -
10 synchronization between the DBC and standard Cellular
networks, as described in detail above.

While the invention has been described in connection
with what is presently considered to be the most practical
and preferred embodiment, it is to be understood that the

15 invention is not to be limited to the disclosed
embodiment, but on the contrary, is intended to cover
various modifications and equivalent arrangements included

within the spirit and scope of the appended claims.



refl-ects-the extent to which the two networks are out of sync.
If the separation besween DBC and Cellular timng codes is within a

prescri bed tol erance threshold then hand-off can proceed between the DBC

and 20 Cel lular frequencies according to normal hand-off protocol (e.g

note the standards set for tga=n 36.1 and | S-136. at ed
\

by referencéVREFR® and particul 3 s speer s 2. 1. 3. gcg'%ggw&

| S-136.2). Mre specifically, accrd| ngREpLRg @_E@Np ary enbodi nent,

upon receiving a hand-off order f Fom

on, lfthe nobile wll

transmt shortened timng bursts at the standard set reference (SOR
position until 25 it receives a tine allfgment ord
97/ 36388 PCT/ US97/ 04382
12 base station. Upon receiving thgiiug ali gnrreuum Hm ”llllt":lm
nobi | e station adjusts its transnission Trmng acc P A
beings transmtting tine aligned bursts to the base station.

1. A system for synchronizing the control channel

10

15

20

25

30

of a downbanded Cellular network with the control channel
of a conventional Cellular network, comprising:

at least one downbanded Cellular switching center for
processing control channel information at a first timing,
and for generating first timing information which reflects
said first timing;

at least one standard Cellular switching center for
processing control channel information at a second timing,
and for generating second tiﬁing information which
reflects said second timing; and

a monitor for receiving said first timing information
and said second timing information, and for comparing said
first timing information with said second timing
information to produce a comparison result, and for
providing an error signal when the comparison result
exceeds a prescribed threshold indicating that thé_ at
least one downbanded Cellular switching center is
unsynchronized with said standard Cellular switching
center.

2. The system of claim 1, further comprising:

logic for performing corrective action to improve the
degree of synchronization between said at 1least one
downbanded Cellular switching center and said at least one
standard Cellular.switching center in response to said
comparison result exceeding said prescribed threshold.

3. The system of claim 1, further comprising:
logic for performing hand-off between said at least
one downbanded Cellular switching center and said at least

—_—

—
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5 - I-f the separation between DBC and Cel | ul ar contr ol channel
timng codes is outside the prescribed tol erance, then corrective
action may proceed on either the MSC | evel or the base station |evel.
In the former case, the cl ocks in MBCs are directly adjusted to ensure
synchroni zation in 10 the co tion transmtted to the
base StV@ U8 For exanyl % THE SHERT HQS(?PE DBC NSC PEHUSAI04382

adj usted so-that it duplicat eSLt;eSEgEris”_" st andard Cel I ul ar MSC,
or vice versa (dependi ng on wh designated "naster").

Al ternat|veIulmlﬂﬁl’L"l‘F"I[llmllm_srD C and 15 the standard Cellular MSC may be
adj-usted rel reference signals (e.g. as supplied
t hr ough mutual'l y "cofinetted tel ephon@% i nes) . Corrective

action on the base st ent ai nitori
synchr oni zat i o %&‘iﬁéﬁ?ﬁ&e &Biﬁﬁs%wﬁf :srfgatcleg‘gfrl ﬁﬂo’f%%‘b‘”ﬁ? ResAifd- of f .
For instance, ©¢rpOBEon resydsenat aicseding adjdwreserikeghshirsshobdof

cont rol channel information to duplicate the timng of t he
transm ssion of conjrol hannel % rrgtll_on by .t he d ndard |1 ular
base station or vice ver H«?ﬁ?ﬁ‘dl A V\‘ﬁéefre“basfe‘ P&h i8i s

designated  afrom'sr@omwabanpded Celllax metiwoakytotde adjwaentosthndarfiase

stations ngy bge1ilulaBfdidtsicidk.by a nornalization procedure.
Parent Application Serial No. 07/906, 438 outlines various techni ques

for measuring the extent to which a 30 first transmtting station and a
second transmttings. The ayisfemaed cyatir dniveeredin sadat hastihef £ isFi gure

6 iﬁ a f' SIﬂPJﬁthfléd ashissided mﬁb@@&uﬂaﬁgra&mr@n xenPl d¥neident
techni que rOngéagéagﬁm%eff%lé¥1neéd%rknﬁ vgggeo er¥épplg§ coverage.

6. The system of claim 1, wherein said at least one
10 downbanded Cellular switching center generates information
for transmission using the LMR spectrum.

7. The system of claim 1, wherein said at least one
downbanded Cellular switching center transmits information
on channels each having a width of 30 KH=z.

15 8. The system of claim 7, wherein the centers of
said channels are defined by the expression given by f =
(0.030 * N + 850.980) MHz, where N is the channel number

‘defined by 1sNs600. '

9. A mwonitor for detecting whether a control
20 channel produced by a downbanded Cellular network is
synchronized with a control channel produced by a standard
Cellular network, comprising:
a first receiver for receiving DBC timing indicia
transmitted from said downbanded Cellular network, said
25 DBC timing indica defining a control channel timing state
of said downbanded Cellular network;
at least one additional receiver for receiving
standard Cellular timing indicia transmitted from a
standard Cellular network, s;ié_gggggggg_ggllglgr timing

i
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t he ‘present invention. As shown therein, a nonitor 600 35 receives a

variety of timng signals fromvarious MSCs WO 97/ 36388
PCT/ US97/ 04382 13 through receivers
601(1)-601(3). For instance, recei receives timng codes from

the DBC network, while receive
Cel | ul ar WQ8IAE. Ti i ng codes! od, T it her  MVBEYRRY 3825  pqy
exi st are received by correspondi ng—‘%@&—x&e;.s.’ s 601 (n).

However, for to sion, only thrée —— receivers are shown

601(3)-601( n) . Wmmﬂ“wmgmﬁ may be | ocated throughout the DBC

and standard Cel [ulat t ®etsworks accordlﬁ to the particul ar design

obj ectives of 10 the network operators eferably, for the nonitors wll

be located at thgabasg EEQEhQHgSEt%%n%QQﬁOEhEQﬁeysglﬁ&hﬁsstate of said’

standard Cellular network;

S /m ng cades fromthe

comparator logic for comparing said DBC timing
indicia with said standard Cellular timing indicia and
5 producing a comparison result;
an error generator for generating an error signal
indicating that said downbanded Cellular network is not
synchronized with said standard Cellular network.

10. A method for synchronizing the control channel

10 of a downbanded Cellular network with the control channel
of a conventional Cellular network, comprising:

generating, using a downbanded Cellular switching
center, timing information which reflects the timing used
in the transmission of control channel information in a

15 downbanded Cellular network;

. generating, using a standard Cellular switching

center, timing information which reflects the timing used

in the transmission of control channel information in a
standard Cellular network;

20 comparing, using a monitor, said timing information
generated by said at least one downbanded Cellular
switching center with said timing information generated by
said at least one standard Cellular switching center to
produce a comparison result;

25 - providing an error signal when the comparison result
exceeds a prescribed threshold indicating that the at
least one downbanded Cellular switching center is
unsynchronized with said standard Cellular switching
center.

. 0 11. The system of claim 10, further comprising:
performing corrective action to improve the degree of
synchronization between said at 1least one downbanded
Cellular switching center and said at least one standard

is Sheet Has Been Reﬁaced
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of the networks. As shown in Figure 6, nonitor 600 includes a
m cr opr ocessor 602 which is coupled in a conventional 15 manner via bus
604 to read only nmenory (ROM) 606, random access nmenory (RAM 608,

EEPROM 610, UART (uni ver sal Vler/transmtter) 612,

IIL,HF OE
latch 614, &rqggramrabl e di vjdﬁ' 8’; {féoﬁutn{ gr/tiners 618. ROM 606
stores progVW@&¥8rol instructiaghs Ln%&‘ i

602. RAM 608 provides witable nenory | ocat i ons——for—use—by

m croprocessor 602 while it is executing, and non-vol ati

610 is used primarily for storage of cali bratlo m“ﬂ ‘!m Eﬂ@“;ﬁ
preferred enbodi ment  (as will be expl ai ned) .

executes routines for calibration, i nffig nonitoring, counter/ti rre

control, and c t g | ai ned in

connection w tﬁggygigé h‘?{]@&ﬂ{ﬁy ge%g%ouﬁt’é????ﬂ%?%%l%ah‘fle TPRFLEPRd by
m cr opr ocessor resulpoexgeeding swid preparibed threshodldy (with a preci sion
30 determned by set-up and cl ock reference val ues) neasure the tine

bet ween recei pt of put vided via.a Us interface ,620. User
interface 620 in ltl% ﬁé?e Yele f ﬁe%t furthsx, compyipéngecei ve
signals fromRF pﬂ;&@mmg b@ll@-l?fﬁml}é@l)weemsaa:td]t eatf ackett) igigd udes

35 circuisry aawﬁﬁﬁﬁdéﬂmﬁlmm i chitgnebRt 8! Bfa (i £a8¢M east one
‘standard Cellular switching center in response to said
comparison result not exceeding said prescribed threshold.

13. The system of claim 12, wherein said hand-off is
from a downbanded Cellular network to an adjacent standard
i0 Cellular network.

14. The system of claim 12, wherein said hand-off is
from a downbanded Cellular network to a coincident
standard Cellular network having overlapping coverage.

15. The system of claim 10, wherein said at leasﬁ
15 one downbanded Cellular switching center generates
information for transmission using the LMR spectrum.

-16. The system of claim 10, wherein said at least
one downbanded Cellular switching center transmits
information on channels each having a width of 30 KHz.

20 17. The system of claim 16, wherein the centers of
said channels are defined by the expression given by f =
(0.030 * N + B50.980) MHz, where N is a channel number
defined by 1sN=600.
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14 MSC timng pulse input (with the starting edge of the pul se
being a.direct function of the correspondi ng MSC control channel frane
timng). An oscillator 622 generates a high frequency clock 5
(e.g., 10 negaRehh&sP’ higher) for mcroprocessor 602, and is al so

- coupled to the_input of progranmabl e divider 616. Pr ogr aRGHESY4382i der
616 divides the rate of the clock signal provided by oscillator 622 by
a divider that is set by m croproces 6t 602, and provides the divided
rate clock 10 signal to a clocking input of counter/timers 618. Since
programuabl e di vider 616 is progranmable in response to data recei ved
from m croprocessor 602, the m croprocessor can directly control the
rate (precision) of the counting operation perfornmed by counter/tiners
618: 15 A latch 614 provides an interface to programmable D P
swtches 624 (i.e., to permt |ocal manual progranm ng of certain
paranmeters of nonitor 600) and al so nay provide outputs to | ocal

out put/di splay 626 (which in the /////’/_‘_

A
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preferred enbodi rent nmay conprise LEDs and associated 20 drivers to
provide a | ocal display of faults). UART 612 is coupled to a
conventional nodem port 628 SO0 as to permt mcroprocessor 602 to
communi cat e mﬁth external devices (e.g., a central controller) via a
conventi onal ﬁp | ine or other convenient link. A 25 "cal i brate"”
bl ock 630 an assoc at ed nonent ary-on smﬁé§y 632 prOV|d5cHBﬁEﬂF§Fy
switch cl osure and debounce to | ocal initiate timng calibration
(this switching function may al so be renpotely activated if. desired).
Depression of the nonentary on calibration switch 632 30 causes nonitor
600 to acquire the present relative timng of the inputs and store
this as the "correct reference” timng. Reset block 632 provides an
autormati c power - reset, and may al so provide a nonentary-on nmanual | y-
depressible switch for |n|t|at|ng a reset of nonitor 600. WO

97/ 36398 PCT/ US97/ 04382

FIG 2
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15 ' Figure 7 is a schematic flowhart of exenplary pr ogram
control steps perforned by m croprocessor 602 upon a power on (or
manual ) reset. M croprocessor 602 first erases RAM 608 and then cl ears
output latch 614 (block 5 750). M croprocessor 602 then reads the
contents of EEPROM 610 and DI P switches 624, and stores ents
into appropr?”é’[’gﬂggéati ons within RAM 608 for |ater r ef e%éﬁ@ge‘”%ocks
752, 754). M croprocessor 602 then 3;stests a predetermned bit of D P
switch 624 (decision 10 block 656) to determne whether it should
use t ol erance/ deci sion data stored wthin EEPROM 610 (bl ock 758) or
whet her it should instead use val ues programred manually via DI P
switches 624 (block 760). DI P swtches 624 in the preferred enbodi nent .
thus provide a "manual 15 override" function so as to permt |ocal
manual programm ng of the default tolerance and precision data

stored within EEPROM 610. M cr oprocessor 602 subsequently
initializes and sets up UART 612 (block 760), sets up programmabl e
interval 20 timer 616 (i.e., by witing appropriate val ues obtai ned
fromone of blocks 760, 758) (block 762), and then sets up

counter/tinmers 618 (block 764) (sifrr'_u. g,y ‘?y usi ng appropriate
val ues obtai ned via blocks 758 or 760) f R M cr oprocessor 602 next
tests the contents of RAM 608 25 to determ ne whether a relative timng

val ue used as a reference DBE SYSTEMor i ngCLBL/I A SKSTEHN f r om EEPROM 610

by
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bl ock 752 (decision block 766). If no reference timing val ues were

obt ai ned from EEPROM 610, then m croprocessor 602 wites alternating
"1" and "0 values to latch 614 .so 30 as to "flash" | ocal output/display
626 to indicate a need for calibration (block 268). M croprocessor
602 wi || hpual |y 1oop in this fashion until the use ARG S
the cali brat gé\?\ﬁ‘% 632 so as to provide a "calibrate" i;(l:'ir?tﬁgjr‘,rupt t hat
causes the m croprocessor to execute the calibration routine shown in
Figure 7. If, on the other WO 97/ 36388

PCT/ US97/ 04382 16 hand, appropriate
reference data was read from EEPROM 610 by bl ock 752, the reset routine

exits to the main routin?/ngwn in Figure 8.
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Referring now to Figure 8, the calibrate interrupt 5 routine is executed
whenever a user manual | y depresses calibrate switch 632. In the
preferred enbodi nent, the counter/tinmer block 618 includes a counter
for each of MSCs. Such counters are programuabl e and may function as

ei ther an "upyoefugdssLr or as a "one shot” in the preferred lfer/g8d3Rdsaent .
M cr oprocessor .602 prograns a "reference" counter to act as a one shot,
and prograns the other counters to ftgp;ti on as up counters in the
preferred enbodi ment. The counters count up fromzero at the rate

of the divided-down cl ock pul ses provided by progranmmabl e 15 divi de606616.
The counters begin counting up at the command of m cropr H—E0

and stop counting upon recei pt of a pulse outputted by &
receiver 601(1)-601(3) via input jnterface 620. e
routine first initializes and starts 8 all of thes ounters
counter/timers block 618 (bl ock 8Y0), and then”Conti nual
counters and stores t heir associ atjed countj 2) .
counters havxe-st opp (as tested ffor by de
m cropr ocesso¥ 602 conpar 3 the values it has rljead to 25
rel ative ti g ,00thedn recei gt of fr i m ng indi
provi ded by ' S 601(1) - : I oﬁ
routine is dxeclted duridg ngrma pdhHEESSAR
site ouiﬁh‘ﬁ%/cortrol chgnnells are sygbstantially exaftly
synchroni zed 'r)souma anot her , nmed in the
the calibratjionfroutide will quto [ obt ai n sytennrefereé]se
dat a i ndi catji ngj{" norngl " ;g g
T e = ‘
Y £E
-601(3) | | —
| 612
A { 6%8
)
m—— NODEN
70 NICRO
' l 6‘26
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ose orvioer|-516 Loz
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i s ‘obtained fromthe stopped counter values and stored in

(bl ock 878).

The

mai n

noni toring,

routi ne

m croprocessor 602 is schematically shown in Figure 9.
reset (and assumi ng that calibration has
m cr opr oceswory736888t ests for

612 (decision
(bl ock 20 982).

"one shot™
correspondin

g to the

(i.e

by the calibration data stored in

EE

execut ed
Subsequent to

EEPROM 610
by 15

al ready been perforned),
nmessages received via nod RETHIYE4382 UART

count e i mer
., re erenc?%%ézf

bl ock 980) and procesggs any such recei ved nessages

M croprocessor 602 has
t he progranmabl e counter wit hi
"earliest”

ed as a

|nput (as indicated

M croprocessor 602 25 waits for occurrence of thegone shot t ' _
correspondi ng to the "earliest” GOAE (bF§[E§;8£? Once
m'croprocessor 602 detects that the '

active, the roprocessor I nNializes the In the count up
mode (bl ock P86), &AWBENEn 30 Yenables the counter-
Each of the co #Toeging to count, and stopd countlng mhen its
associ at ed recCet (3) has produced 3 t I ndi cating
that a timng pul se hds occurred on RF@, orre#ﬂﬁﬁdlng 713
out bound controkwn“ 9nne| roprosasdef/vbly? ther wait s for all
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.stop counting (block 990). At this point, mcropro (SﬁEFg:eds al |
counters (bl ock 992) and eval uates the read dath psing the refdrgnce
data stored within.EEPROM 610 (bl ock 994). If ope| op ZMARGEBM &r S
stores a value that 5 Is significantly di ffergent (i.e., ots,ide
of a preprogramed tol erance from the cali brgtiorn- — . | dat a,
m croprocessor 602 generates a fault indigation (bl ock 996). __Updn
detecting a fault i ndi cati on, corrective action may proceed

Lo ensure ' DLopety Wi SYRRIA M AP dIGhNERM CollflaPRenate. SAandat

Cel'l ul ar» net wor ;E%dglsé escr@géa |Hﬁge ar I above. é\hadlq e '?he

i nvention has kegile teemployedoviich monitues timing codes marsiitinl &y 4 swi

considered to be the nost practi cal and preferred empodiment, it is to

be under st ood M8t of phe dewnbanded: a cenger M he

di scl osed odi nen{ , sbut _on.the cqontrar i iLnt ended, t 0 cove

va_ri ous nodi fi G@&%mﬁ ﬁﬂnmgﬁﬁﬁ%ﬁméfm Bﬁ‘é‘%“‘s €y Wﬁ’l‘ﬂ t he

Spi rit andsscopgrddbrilddthARRE i arionhd®aces an unsatisfactory state of synchrorizazion -
between the two networks. In this event, corrective action is taken to snsure that

hand-off occurs without 2 dropped call ar loss of informarion.

D N DRAWING

10 The ‘oregoing, ana ocher. objects. :eanyes and advaneagss or :he present

invention will be more readily underswod upon reading e Toilowing detailed
description in conjunclon with me a'rawings_in witichi:

Figure | illustrates the mapping of LMR chazneis (deroted in this Figure as
“SMR” channels) into OBC channels according w0 the present invention a a
conceprual level: _

Figure 2 illuswates & desailed example of how particuiar channel groups LMR
(denoted in this Figure as “SMR" channei groups) can be rechannelized o provide
DBC channels according to the present invention;

- " Figure 3 illustrares a DBC system according to the present invendon that is
20 adjacentwga convenﬁoéal Callular system; ' '
Figure 4 illustrates a DBC systern according to the present invepton that is
coincident with a conventional Cailular system:
Figure § illusmates a block diagram of a portion of an exemplary radio
communication System according to the present inventdon:
28 ~ Figure 6 is a schematc diagram of an exemplary microprocessor-based -
apparams for measuring the synchronizztion between the control channels of; DBC
and chnvemional' Cellular systems: and .

» .
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1. A systemfor synchron|2| ng t he control channel of a downbanded
Cellul ar network with the control channel of a conveational Cellular _
net wor k, conpri si ng: 5. at | east ER m Hﬁ! ul ar
switching center for processing control charj an + @gﬂ S a

first timng, and for generating and transmtting fi}rqgt -
I nformati on which reflects said first timng; é‘]'ﬂ/{@pgﬁeaat one

standard Cel lul ar switching center for processing cdntirol channel
information at a second timng, and for gggperating gnd transmtting second

timng 10 information which reflects said second.-—-t—n—m—-ng——a-nd——-—-_

a monitor for meGRbnitcRdnaduls sdeifedh id t@ipasnt Hpicaitini SepiabNd. SAC06 3386w
timng i nformati on _and for conparing said first timng i nf or mati on

with sai d secoldS.t PaeaNo. 5,594,761 ensitied ‘ControlChanmel Bising Maam god Sels ul t
xceeds o pr esCPIBR FiteRHOHRAY Freikst simsar. Radif CRREaRns e by
Thomas A. Brown, which in incorporated herein by reference in its entirety. More
5  specifically, the DBC network and the suandard Cellular network empfoy one or more
. monitors, each of which receives control channel information from both the DBC
network and the standard Cellular network. Each monitor compares the conmol
channe! information received from the DBC network with control channel

LD,

information recsived from the standard Cellular network. More partculariy. the

10  conmol channel includes various codes ocowring at spaced rime intervals, hereinarter
referred o as timing codes. The monitor compares the time it receives control
chanrel £ming codes from the DBC n;tiréurk with the time it recetves corresponding
conuol channe! timing codes from ihe standard Cellular nerwork. If the concol

_ messages from the two networks are in sync the tming codes from the DBC network

1§  will be recaived at substantaily the same dme as the conmrol channe! codes from the
Cellular nerwork. The separaton betwesn the DBC and Cellular tming codes
reflects the extent to which the two networks are out of sync.

_ If the separation berween DBC and Cellular dming codes is within a
e | ‘prescribed tolerance threshold then hand-oif can proceed berween she DBC and
- 20 Cellular frequencies sccarding to normal hand-off protocal (e.g. note the standards |

set forth in IS-136.1 and 1S-136.2 incorporated by reference herein, and particularly
section 2.1.3.3.5 of [S-136.2). More specifically, according to one exemplary
embodiment, upon receiving a hand-off order from a base station, the mobile will
- ransmit shortened timing bursts at the standard offset reference (SOR) position undl
2§ it recefves a dme alignment arder from the

AMENDED SHEET
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15 downbanded Cellular switching center is unsynchronl zed with said
standard Cel | ul ar swi tching center. 2. The
systemof claim1l, further conprising: ° |l ogic for performng

corrective action to inprove the degree of
Cellular swt

bet ween sai d at

said at | east one | ul ar switching cent
conpari son li EWl H sai d pngscri bed jt
3. The syst em conpri si ng:

per form ng hand- off between sal d at Ieam downlpah [
switching center and said at | east one standard | Pul ar switching genter
i n response 25 to said conparison result not excC ' v i bed

t hr eshol d. _ ' 20
4. The system of claim3, wherein said hand-off is froma downbanded

L. A system for synchronizing the control channel of 2 downbanded
Cellular network with the control channe! of a conventional Cellular network,

comprising:

5 at least one downbanded Callular swmchmg center for processing control
channe! informazion at a first iming, and for generating and transmitting first timing
information which reflects said first timing;

at least one standard Cailular swiching center for processing conrol channet
informaton at a second dming, and for generating and wansmiring second timing
10  information which reflects said second tming; and
a monitor for receiving said first dming informaton and said second Zming
information. and for comparing said first dming information with said second timing
informarion to produce a comparison result. ana for providing an error signal when
the comparison result excesds a prescribed chrashold indicating drat the at least ore
15  downbanded Cellular switching center is unsynchronized with said standard Cellular

switching center.

2. The system of claim 1 further comprising: _
logic for performing corrective action tw improve the degree of
synchronizarion between szid at least one downbanded Cellular switwching center and
20  said ar least one standard Cellular swirching center in response ta said comparison. .
result exceeding said prescribed dhreshold.

3. The system of claim [, further comprising:
logic for performing hand-otf berween said at least one downbanded Cellular
- \ Switching center and said at least one standard Cellular switching center in résponse

(M

to said comparison result not exceeding said prescribed dhreshaoid.
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Oel l'ul'ar network to an adj acent standard Cel | ul ar net wor k.
5. The systemni_d_aLm.&_AAbﬂeJ_a sai d hand-off i§ Qm a downbanded

. Cellular network to a coincident standard CeI | ul ar

onerernrsala ¢ SUMEIUNUNLAL. .. . T P

gener at es i nformatTon” fJr f'rafisni ssion usi ng the LNR spé?“

\c_\ \\/\ |x \ M\.L \..llL_.\ (18}

7. The system of claim 1. wherein said_at |east ul ar

. swtching center transmts infornation on“hannels ¢ of
30 KHz. 10 8. The systemof claim?7, S84 e_centfers
of said chanmels are defined by the expression §given by f =

(0.030[err]N [err] 850,90 N_j . . nupber,
defined by 1[err] N[ &rr]6 }ym 0%%{53’ ﬁ”@‘h&f@%ﬁﬁ%ﬁﬁ%@%ﬂ ng
whet her a cont Calygamelk B #ciiRenttarliard Cllulard@iphnded Cel | ul ar net wor k
is synchronized w-th a control Channel produced by a 15 st andard

Cel l ul ar network, conprising: a first receiver for receivi ng
DBCtirringinforrrat'ont smtteP aid "%P ande | |
network, sai d DBC t3ni ng gar gf ?’"?Fﬁﬁ' sgid handrif 1s "ﬁ&?ﬁg?d
timing state gk Wn&’:%‘rﬂ 3RAe dofridert Shn asgugmgg merwork havin ggﬂaﬂpﬁﬁgﬁ

‘one additional “Tecei ver recelving st trmn

i nformati of trepvesge.t ed from a standard Cel | ul ar network, said standard
. Cel lular
6. The system of ¢claim 1. wherein said az least ane downbanded Cellular

switching canter generates information for transmission using the LMR spectrum.

7. The system of claim 1. wherin said at ieast one dawnbanded Calluiar

switching center transmits information on channels each having a widrth of 30 KHz.

10 8. The systiem of claim 7, wherein the centers of said channels are defined
by the expression given by £ = (0.050 * N + 850.980) MHz, where N is the channet
number defined by 1<N<60Q.

= ’ 0. A monitor r‘ar detecting whether a control channel produced by 2
downbanded Cellular network is synchronized with a control channe. produced by a
15  sandard Ceilular network, comprising:
a first receiver for receiving DBC dming informarion ransminted from said
downbanded Cellular network, said DBC timing information defining a control .
channel dming state of said downbanded Cellular network:; '
at least ane additional receiver for receiving standard Celluiar ‘_ciming
20  information wansminted from 2 standard Cellular network, said standard Cellular
timing information defining a control chapnel timing state of said standard Cellular
- Jetwork;

AMENOED SHEET
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timng i nformatl on defini ng a- control channel timng gnskandard
Cel | ul ar —network: cc? MQ QSHEE

conparing said i nforiation with said standard Ce]l pl ar
timng informati i%@ﬂ[ﬂ!‘u) a conparison resul t 27MAR 1998 | ah

error generator an error signal indjcfting that said

downbanded Cel lul ar network is not synchroni zed withjsara s el ul ar
5 net wor K. : 10. A net hod for sybchroni zing the control
channel of a downbanded Cel lular nBkwork with the control channel

of a conventional Cellular networ K. conpri sing:

generating and trarfPmRaraeg lc %lfmmm @ diming dptosmiationi wigh saidnt er .
10 timng infornati V\)h h { S S | thetransmssmn
of control mg%ng bet) WW%&W@%W@? GFE net wor k:
gener ating-and tra%memrn l'hiér“%naé r g Eedrubi Smdi&hﬂggmﬁﬁ@&ﬁr

c

timng I nformati on Ich reflécts the timng d|nt
transm ssi on downbanded Ceiialaneletwork is nok raynclumzzﬁm thh saidt suactiard Callular ar
net wor k:

network.

10. A methoed for synchronizing the control chanme! of a downbanded
Cellular network with the control charmel of a conventional Cellular network.
comprising:

generatng and :mﬁsmiuing. using a downbanded Cellular switching center.

16 uming information which reﬁects the uming used in the transmission of vonrol
channel intormation in 2 downbanded Ce’lular necwark:

generafing and wanstuging, using a sandard Cafiular switching center. timing
information which retlecis the riming used in the wansmission of control channet

information in a standard Cailular network:

15 comparing, using 2 monitor. said timing information generated by said at least’
one downbanded Callular switching center with _said timing information zenerated by
said at least one standard Cellular switching center to produce a comparisen resuit:

& | : providing an error signal when the comparison result excesds-a prescribed
h threshold indicating that the ar least one downbandesi Cellular switching center is
20  unsynchronized with said standard Cellular switching center.

11.  The method of claim [0, further comprising: .

performing corrective action w improve the degree of synchronization between
said at least one downbanded Cellular switching center and said at least one standard

AMENQED 3R
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15 ' . conparing, using a monitor. said tining i nformation
generated by said at |east one downbanded Cel | u§ er
with said tinmng informati-en—generated by sai d ard
Cel lul ar switching center t oduce a conparison resuf tf—

providing an e m‘\m‘w \ ‘ﬁ&ﬂ! he conparison result ep 66375?1\@ critbgd

t hreshol d ind| | east one downbanded | 1Ta chifn

center is 20 *unsfynbhronl zed with said g%andard Cel ljul swi.tching
0

center. The et hod claim 10. ffurther conprisin
perform ng corrective actlon to inprove the degree of  SymChromt=ti-+-ea—
bet ween said at | east one downbanded Cellul ar swi tching center and
said at |east QaRif! &AMtk center in response o said Golriphidin Rl CAXcREHIRE Ra"
response to said conparison result exceeding said prescri bed

t hr eshol d. nsmﬁég tresholdi2.  The method of claim 10, further conprsing:

perform ng hand of f between said at | east ‘one downbanded Cel | ul ar sw tchi ng

12.  The method of claim 10, further comprising:

performing hand-off between said at least one downbanded Cellular switching
center and said ar least one standard Cellular switching center in response to said
comparison result not exceeding said prescribed threshold.

th

13. The merhod of claim 12. wherein said hand-otf is from a downbanded

Ceilular network to-an adiacent standard, Cellular networi.

14.  The method of claim 12. wherein said hand-ofT is from 2 downbanded
10 Cellular neswork w a coincident standard Celiular network having overlapping

coverage.

15. The method of claim 0. whersin said ac least orie downbanded

Cellular switching center generates information for transmission usi ing the LMR

 spectum. o
15 16. The method of claim 10, wherein said ar least one downbanded
Cellular swirching center transmits information on channeis each having a width of
30 KHz.

17.  The method of claim 16, wherein the centers of said channels are
defined by the exprassion given by f = (0.030 * N + 850.980) MHz, where N is
20  achannel number defined by 1sN560q.
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nter®nd said at |east one standard Cellular switching center in

se to said conparison result not exceedlng sai d preisélbed

ol d. 13. The met hod of "claim 12.

ff is froma downbanded Cel lular network to an adj,, Uk’
rd, Cellular network. 14. The et hod qEsPIR:

n said haxggl“ i's frogorupd@el RermACkkoriRTy orchizariohar net WREH

dent 'stan Cel | ul ar networ k erpirtyBeeer | appi ng coverage
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(57) Abstract
606
A downbanded Cellular network (DBC) is provided to “w L
supplement an adjacent or coincident standard Cellular network. \ on
The control channels used by the DBC and standard Cellular "w I
network are synchronized to ensure proper hand-off between the —L
DBC network and the standard metwork. Synchronization is -2 58
achicved by monitoring the separation in time between timing 011}
puises transmitted by the DBC network and the standard Cellular il e k= }:a "
network.
601(2)
arr comIen ‘;"
T\ irearace || rueses < po
80113) Aon
e
. - o
— wocw
10 ircao
|
ol
P ’Eo Ly o
oISPLaY
' fap—,
"
Lt oy W
-J.: cALIRATE i d o —I
p
SHITCNES
1
pESET s wices o

1
$32




