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CONTROL CHANNEL SYNCHRONIZATION
BETWEEN DBC AND CELLULAR NETWORKS

BACKGROUND

The present invention is directed generally to
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
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.

One way to increase capacity is by increasing the
efficiency in which the available Cellular spectrum is
used. For instance, converting older analog systems to
digital systems has improved system capacity. In North
America, this change was implemented by transitioning from
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
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
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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range of 870-890 MHz were used for the downlink. In
19287, the FCC allocated an additional 5 MHz to each block
to increase the Cellular capacity. More recently, in

1994, the FCC announced that the Land Mobile Radio (LMR)
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
and 851-863 MHz for the downlink and has been
traditionally wused for transmission trunked dispatch
gervice. The application of Cellular techniques in non-
standard spectrum ranges is referred to herein as
downbanded Cellular (DBC). _

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.
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
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
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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Even if DAMPS compatible technology isgs used,
integration of downbanded Cellular (DBC) networks with
traditional pre-existing Cellular networks is problematic.
At least in the initial stages of implementation, the DBC
networks and their traditional Cellular counterparts will
employ entirely 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
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
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
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
Mobile Radio (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
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
channels between a downbanded Cellular network and a
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standard Cellular network or another downbanded Cellular
network. A monitor module is employed which moniﬁors
timing codes transmitting by a switching center MSC of the
downbanded network and a switching center MSC of the
st;ndard 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
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
underétood'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;

Figure 2 illustrates a detailed example of how
particular LMR channel groups can be rechannelized 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

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
an exemplary radio communication system according to the
present invention;

Figure 6 is a schematic diagram of an exemplary
microproceséor-based apparatus for measuring the
synchronization between the control channels of a DBC and
conventional Cellular systems; and '
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Figures 7-9 are schematic flow charts showing
exemplary program contxol steps performed by the
embodiment shown in Figure 6.

DETAILED DESCRIPTION

In the following description, for purposes of
explanation and not limitation, specific details are set
forth in order to provide'a thorough understanding of the
invention. However it will be apparent to one skilled in
the art that the present invention may be practiced in
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.

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
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
+ 825.000) MHz and £ = (0.030 * (N-1023) + 825.0600) MHz,
respectively. The base transmitter in the Cellular
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).MH2,
respectively. As indicated, the channels are 30 KHz wide.

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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£f = (0.025 * N + 805.9875) MHz. The base transmitter is
allocated channel number ranging from 1 s N s 720 having
center frequencies defined by

£ = (0.025 * N + 850.9875) MHz. As indicated, each

5 channel is separated from its neighbor by 25 KHz.
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
invention, the channels for the mobile transmitters i_n 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 instance,

‘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 both the DBC and Cellular spectrums.
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While the above channelization scheme is sensible for
the reasons given, it is in many ways counter-intuitive.
As illustrated in Figure 2, certain network operators will
own non-contiguous channels and channel groups.
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
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
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
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
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.
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

adjacent channels. Spectrum not encompassed:by a 30 KHz
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25KHz technclogy (e.g. ERICSSON’s EDACS Public Safety
Trunking (PST) Technology). '

Further novel aspectg of the channelization scheme
employed by the present invention are discussed in the
above referenced patent application, Serial No.
08/622,311. The reader is referred to that application
for a fuller understanding of the benefits afforded by the
above described channelization scheme.

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
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
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
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
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

receiving signals from, mobile stations (also not shown)

AR SRR
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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.

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
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.
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
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
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
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,
those skilled in the art will appreciate that DBC base
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stations and mobile stations can be manufactured using
substantially the same components as conventional Cellular
base stations and mobile stations, with certain
excéptions, e.g., DBC equipment will have the rf
capability to operate in the LMR frequency band. Readers'
interested in obtaining additional information relating to
more specific details of exemplary mobile and base station
implementations are directed to copending U.S. Patent
Application Serial No. '07/967,027 entitled "Multi-Mode
Signal Processing" filed on October 27, 1952 to P. Dent
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
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
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
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
ensure adequate synchronization in their control channel
transmissions. 'Oth_erwise, calls may be dropped, or bits
may be discarded. Also, error checking capabilities may
be disrupted. ' _

Generally speaking, the present invention ensures
that the control channels are synchronized by employing
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the monitor module set forth 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,
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
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
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
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.

- 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
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)
position until it receives a time alignment order from the

This Sheet Has Been Reﬂ
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base station. Upon receiving the time alignment order,
the mobile station adjusts its transmission timing
accordingly and then beings transmitting time aligned
bursts to the base station.

If the separation between DBC 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
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
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
stations involved in the hand-off. For instance, the DBC
base station way 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
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
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

receives a variety of timing signals from various MSCs
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through receivers 601(1)-601(3). For instance, receiver
601 (1) rEceivés timing codes from the DBC network, while
receiver 601(2) receives timing codes from the Cellular
network. Timing codes generated by any other MSC which
may exist are received by corresponding receivers 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

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
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
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
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
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
circuitry on each input providing a single pulse for each
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MSC timing pulse input (with the starting edge of the
pulse being a direct function of the corresponding MSC
control channel frame timing). _

An oscillator 622 generates a high frequency clock
(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
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.

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
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
"calibrate" 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
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.
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Figure 7 1is a schematic flowchart of exemplary
program control steps performed by microprocessor 602 upon
a power on (or manual) reset. Microprocessor 602 first
erases RAM 608 and then clears output latch 614 (block
750) . Microprocessor 602 then reads the contents of
EEPROM 610 and DIP switches 624, and stores those contents
into appropriate locations within RAM 608 for later
reference (blocks 752, 754). Microprocessor 602 then
tests a predetermined bit of DIP switch 624 (decision
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
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
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
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
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
calibration routine shown in Figure 7. If, on the other
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hand, appropriate reference data was 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
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
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
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
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
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
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




WO 97/36388 PCT/US97/04382

10

15

20

25

30

35

17

inherent in the monitoring process (e.g., differential
path links and the like as discussed above).

The microprocessor 602 also determines which input is
"earliest" and uses this input as the timing reference.
Under normal system operation when all gites are in
substantial synchronization with one another, the inherent
time delays associated with the monitoring process will
always cause one of the three receiver 601(1)-601(3)
outputs to become active prior to the other two receiver
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
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 and UART 612 (decision
block 980) and processes any such received messages (block
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 calibration data stored in
EEPROM 610) to input interface 620. Microprocessor-602
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
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.

Microprocessor 602 then waits for all of the counters to
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stop counting (block 990). At this point, microprocessor
602 reads all counters (block 992) and evaluates the read
data using the reference data stored within EEPROM 610
(block 594). If one of the counters stores a value that
is significantly different (i.e., outside of a
preprogrammed tolerance from) the calibration-obtained
data, microprocessor 602 generates a fault indication
{block 996). Upon detecting a fault indication,
corrective action may ©proceed to ensure proper -
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
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.
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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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one standard Cellular switching center in response to said
comparison result not exceeding said prescribed threshold.

4. The system of claim 3, wherein said hand-off is
from a downbanded Cellular network to an adjacent standard
Cellular network.

5. The system of claim 3, wherein said hand-off is
from a downbanded Cellular network to a coincident
standard Cellular network having overlapping coverage.

6. The system of claim 1, wherein said at least one
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.

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
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
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, said sggggggg_ggllglgr timing
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indicia defining a control channel timing state of said
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standard Cellular network;

comparator logic for comparing said DBC timing
indicia with said standard Cellular timing indicia and
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
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
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;

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;

- 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.

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
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Cellular switching center in response to said comparison
result exceeding said prescribed threshold.
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12. The system of claim 10, further comprising:
performing hand-off between said at least one
downbanded Cellula: switching center and said at least 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
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 least

~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.

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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