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(57) Abrége/Abstract:

The present invention Is an apparatus and a method for sharing a communication channel among two or more base stations
connected to a base station controller via a common transmission line in a channelized format. The present invention allows
each of the base stations to receive data transmitted over a shared communication channel from the base station controller, to
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(57) Abréege(suite)/Abstract(continued):

determine whether the data transmitted from the base station controller is intended for that base station, and to insert its data
Into the communication channel without interfering with data transmitted by other base stations over the communication
channel. In one embodiment, each of the base stations is configured to bridge onto the transmission facility such that messages
being transmitted over a signhaling channel may be received by all of the base stations. The signaling messages has associated
Identifiers for specifying particular base stations to which the messages are intended. In another embodiment, each of the base
stations can Insert its signhaling message Into the data stream over the signaling channel without interfering with signaling
messages already In the data stream.
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AN APPARATUS AND METHOD FOR SHARING A SIGNALING CHANNEL

ABSTRACT OF THE DISCLOSURE

The present invention is an apparatus and a method for sharing a communication channel
among two or more base stations connected to a base station controller via a common transmission line in a
channelized format. The present invention allows each of the base stations to receive data transmitted over
a shared communication channel from the base station controller, to determine whether the data transmitted
from the base station controller is intended for that base station, and to insert its data into the
communication channel without interfering with data transmitted by other base stations over the
communication channel. In one embodiment, each of the base stations is configured to bridge onto the
transmission facility such that signaling messages being transmitted over a signaling channel may be
received by all of the base stations. The signaling messages has associated identifiers for specifying
particular base stations to which the signaling messages are intended. In another embodiment, each of the
base stations can insert its signaling message into the data stream over the signaling channel without

interfering with signaling messages already in the data stream.
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AN APPARATUS AND METHOD FOR SHARING A SIGNALING CHANNEL
FIELD OF THE INVENTION

The present invention relates to telecommunications system and, in particular, to wireless
communications system using a common transmission line to connect a plurality of base stations to a base

station controller.
BACKGROUND OF THE RELATED ART

Wireless communication systems generally use transmission lines that are configured in a
channelized format, such as T1 or El facilities, to connect a set of base stations to a base station controller
(BSC). FIG. 1 illustrates a wireless communication system 10 in which a BSC 12 is individually
connected to base stations 14-; via respective T1 facilities 16-i/, where /=1, 2,..., n. Each of the T1
facilities 16-i includes a downlink path 17-/ and an uplink path 19-i, as shown in FIG. 2, for the
transmission of data to and from the base stations 14-i, respectively. Each of the paths 17-i, 19-i is
configured into a channelized format — that is, the paths are divided into transmission time slots. FIG. 3
illustrates a manner for channelizing the paths 17-i, 19-i. Each of the paths 17-i, 19-i is divided into frames
having a framing time slot and twenty-four DS0; time slots, where /=1, 2,..., 24 and each of the DS0; time
slots has a 64 Kbps bandwidth. Thus, the wireless communication system 10 has a 24-n number of DS0;
time slots in the downlink direction and 24-n number of DS0; time slots in the uplink direction.

The DSO; time slots are used to form communication channels, including a signaling
channel and a plurality of traffic channels. Each communication channel includes at least one DSO; time
slot in the downlink path 17-/ and the uplink path 19-i. For purposes of discussion, a DSO0; time slot shall
be hereinafter deemed to refer to both a DS0; time slot in the downlink path and a DSO0; time slot in the
uplink path, unless otherwise specified.

Each of the base stations 14-/ uses x number of DS0; time slots as a signaling channel for
transmitting control information between the base station 14-i and the BSC 12, where x>1. Each of the
base stations 14-/ can support enough user traffic to consume p number of traffic channels (for transmitting
the user traffic between the base station 14-/ and the BSC 12 and a voice switch, not shown), wherein a
traffic channel comprises y number of DS0; time slots and y21. Thus, the T1 facilities 16-i should at least
have a bandwidth that includes ¢ number of DS0; time slots, where g=y-p+x.

Generally, each of the T1 facilities 16-/ has a bandwidth that includes more than ¢
number of DS0; time slots — that is, the user traffic supported by an individual base station (and the control
information) does not consume the entire bandwidth available on a T1facility (i.e., g<n). Thus, the base

station does not use some DSO0; time slots resulting in inefficient utilization of the T1 facility.
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To more efficiently utilize T1 facilities and reduce the cost of a wireless communication
system, one or more T1 facilities may be shared by a plurality of base stations. FIG. 4 illustrates a wireless
communication system 20 in which a daisy chain configuration is used to connect n number of base

stations 22-/ to a BSC 24 via a common T1 facility 26. Unlike the wireless communication system 10, the

wireless communication system 20 has a total of 24 number of DS0; time slots (compared to 24-n number

of DS0; time slots in the wireless communication system 10). Like the base stations 14-i, each of the base

stations 22-i has its own signaling channel comprising x number of DS0; time slots — that is, n'x number of

DS0; time slots on the T1 facility 26 are used as signaling channels. The remaining DS0; time slots in the

T1 facility 26, i.e., m-n-x, can be used as traffic channels. The number of remaining DS0; time slots should
be at least equal to the total number of DS0; time slots needed by the base stations 22-i to support user

traffic, 1.e., 24-n'x2 y-p'n. Recall that n represents the total number of base stations, x represents the
number of DS0; time slots composing a signaling channel, y represents the number of DS0; time slots
composing a traffic channel, and p represents the number of traffic channels consumable by user traffic per
base station.

In some cases, the total number of DS0; time slots needed by the base stations to support
user traffic is greater than the number of remaining DS0; time slots. In these cases, more DS0; time slots
(or traffic channels) are required to support the user traffic. For example, suppose the wireless
communication system 20 includes five base stations (i.e., n=5), each signaling channel and traffic channel
comprises one DS0; time slot (i.e., x=1 and y=1), and the user traf;‘ic supported by each of the base stations
22-i consumes four traffic channels (i.e., p=4). If each base station 2-7 has its own signaling channel (for a
total of five DSOj time slots), then there would only be nineteen DSOj time slots available for use as traffic
channels by the five base stations. Since each base station supports enough user traffic to consume four
traffic channels, twenty DS0; time slots are needed by the wireless communication system for traffic
channels. Because the T1 facility has only nineteen DS0; time slots available for use as traffic channels,
the needs of the wireless communication system 20 would exceed the capacity of the T1 facility.

One way to increase the number of DSO0; time slots available for use as traffic channels is
to use additional T1 facilities. Such a solution would undesirably increase the cost of the wireless
communication system. Accordingly, there exists a need for increasing the number of DSO0; time slots

available for use as traffic channels in a T1 facility connecting two or more base stations to a base station

controller.

SUMMARY OF THE INVENTION

The present invention provides an apparatus and a method for increasing the number of
DS0; time slots available for use as traffic channels in a T1 or E1 facility connecting two or more base

stations to a base station controller by sharing a signaling channel among the base stations. The present
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invention is based on the concept that a single base station does not utilize the entire bandwidth of the
signaling channel for the transmittal of signaling messages, i.e., control information for managing
resources at one or more base stations. Better utilization of the signaling channel bandwidth can be
achieved if two or more base stations can share the same signaling channel which, in turn, results in
making more DS0; time slots available for use as traffic channels. To share a signaling channel, the
wireless communication system should be configured such that each of the base stations can receive its
signaling over a downlink the signaling channel, and transmit its signaling messages to the base station
controller over an uplink signaling channel without interfering with signaling messages transmitted by
other base stations over the uplink signaling channel.

In one embodiment, the base station controller transmits over the downlink signaling
channel a downlink signaling message with an associated identifier which specifies the base station to
which the signaling message is intended. Each of the base stations bridges or taps onto the transmission
facility to receive the downlink signaling message and identifier. This permits downlink signaling
messages and identifiers to pass transparently through the receiving base station and to other base stations
in the wireless communication system. The receiving base station examines the identifier to determine
whether the associated downlink signaling message is intended for that base station. If yes, the base station
executes instructions contained within the downlink signaling message. Otherwise, the downlink signaling
message 1s 1gnored.

In another embodiment of the present invention, each of the base stations transmits its
uplink signaling message to the base station controller without interfering (e.g., overwriting) with uplink
signaling messages transmitted by other base stations. In this embodiment, the base station receives uplink
signaling messages (and associated identifiers) transmitted by other base stations over the uplink signaling
channel to the bas station controller. The receiving base station stores the received uplink signaling
message in memory associated with that base station. Also stored within the same (or different) memory
may be an uplink signaling message (and identifier) generated by the receiving base station for
transmission to the base station controller. Any signaling messages stored in the memory of the receiving
base station is then transmitted to the base station controller on a “first-in, first-out” basis over the uplink
signaling channel. Hence, signaling messages from all base stations in the wireless communication system

are assured of being transmitted to the base station controller.

BRIEF DESCRIPTION OF THE DRAWINGS

The features, aspects, and advantages of the present invention will become better
understood with regard to the following description, appended claims, and accompanying drawings where:
FIG. 1 depicts a wireless communication system in which each of a plurality of base stations has

an assoclated T1 facility for connecting to a common base station controller;
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FIG. 2 depicts a T1 facility comprising of an uplink path and a downlink path;

FIG. 3 depicts a manner for channelizing a T1 facility;

FIG. 4 depicts a wireless communication system in which a “daisy chain” configuration is used to
connect a plurality of base stations to a base station controller via a common T1 facility;

FIG. 5 depicts a wireless communication system comprising a plurality of base stations connected
to a base station controller via a common T facility in accordance with one embodiment of the present
invention;

FIG. 6 depicts data formats for transmissions over downlink and uplink paths of T1 facilities in
accordance with one embodiment of the present invention; and

FIG. 7 depicts a downlink circuitry in accordance with one embodiment of the present invention:

and

FIG. 8 depicts an uplink circuitry in accordance with one embodiment of the present invention.

DETAILED DESCRIPTION

FIG. 5 shows a wireless communication system 30 comprising a plurality of base stations
32-i and a base station controller (BSC) 34 used in accordance with the present invention, where i=1, 2,...,
n. The base stations 32-i are connected to the BSC 34 in a daisy chain configuration using a common T1
facility 36 configured in a channelized format. FIG. 6 illustrates the data formats for transmissions over
the downlink and uplink paths 37, 39 of the T1 facility 36. In the downlink and uplink framing time slots,
transmissions include a predetermined sequence of bits (referred to herein as framing bits). These framing
bits provide a point of reference for determining the beginning of a frame. In the downlink and uplink
signaling channel DSO0; time slots, transmissions include additional framing bits for indicating the
beginning of the signaling channel and one of the following: a downlink or uplink signaling message with
an identifier for specifying a particular base station; or flag characters indicating the absence of signaling
messages. In the downlink signaling channel, the identifier specifies a base station to which the associated
downlink signaling message is intended. In the uplink signaling channel, the identifier specifies a base
station from which the associated uplink signaling message was transmitted.

Similarly, in the downlink and uplink traffic channel DS0; time slots, transmissions
include additional framing bits for indicating the beginning of a particular traffic channel, downlink or
uplink user traffic (e.g., coded voice or data), and a header indicating a mobile-telephone. In the downlink
traffic channel, the header indicates a mobile-telephone to which the downlink coded voice or data is
intended. In the uplink traffic channel, the header indicates a mobile-telephone from which the uplink
coded voice or data was transmitted.

The BSC 34 is a device for controlling the resources of the base stations 32-; and for

setting up the relaying of user traffic between the base stations 32-/ and a land-line network (such as a
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public switched telephone network connected to the BSC 34 via a mobile switching center), not shown.
The BSC 34 includes control software executing on a processor 38 for processing and generating uplink
and downlink signaling messages.

The base stations 32-i are devices for interfacing between mobile-telephones and a land-
line network. Each of the base stations 32-/ includes a downlink circuitry 40 and an uplink circuitry 42 for
processing data transmitted over the downlink or uplink signaling channels, respectively, as will be
explained herein. FIG. 7 is a simplified schematic of the downlink circuitry 40 in accordance with one
embodiment of the present invention. The downlink circuitry 40 includes a signal level buffer 50, a framer
52, a time slot interchanger (TSI) 54, an universal synchronous-asynchronous receiver transceiver
(USART) 56, a microprocessor 58 and random access memory (RAM) 60. The signal level buffer 50 is
connected to the downlink path 37 to reduce the load on the T1 facility 36. The signal level buffer 50
permits the base station to bridge or tap onto the downlink path without delaying or interrupting the bit
stream being transmitted over the downlink path. The downlink bit stream is passed through the signal
level buffer 50 to the framer 52, which is a device having functionality for detecting or finding the
beginning of a frame and/or a communication channel (e.g., signaling channel or traffic channel) using the
framing bits. Upon detecting the beginning of a frame or a communication channel in the downlink bit
stream, the framer 52 sends an indication to the TSI 54 that the beginning of a frame or a particular
communication channel has been detected.

The TSI 54 is a device for selectively terminating and repeating (or forwarding) data and
1s well-known 1n the art. When the TSI 54 receives the indication, the TSI 54 will know the next set of bits
was transmitted at the beginning of the frame and/or over a particular communication channel. The TSI 54
is configured to pass the set of bits transmitted over the downlink signaling channel (i.e., downlink
signaling channel bits) to the USART 56. The USART 56 is a device for examining the set of downlink
signaling channel bits (or part thereof) for the presence of signaling messages, and is well-known in the art.
Specifically, the USART 56 will look for the flag characters indicating the absence of signaling messages.
For example, suppose the flag characters comprise a “1000001” bit sequence. If the USART 56 does not
detect the flag characters (e.g., 10000001), the USART passes the set of downlink signaling channel bits to
the microprocessor 58 which, in turn, will store such set of bits in the RAM 60. If the USART 56 detects
the flag characters, the USART 56 discards the set of downlink signaling channel bits and does not pass
them to the microprocessor 58.

Anytime the USART 56 detects flag characters in a set of downlink signaling channel
bits and a signaling inessage in a next set of downlink signaling channel bits, the USART 56 will transmit
an interrupt signal to the microprocessor 58 indicating that the next set of bits is the beginning of a
signaling message. Likewise, anytime the USART 56 detects a signaling message in a set of downlink
signaling channel bits and flag characters in a next set of downlink signaling channel bits, the USART 56

will transmit an interrupt signal to the microprocessor 58 indicating that the former set of bits was the end



10

15

20

25

30

CA 02244383 1998-07-27

6

of the signaling message. When a complete signaling message is in the RAM 60, the microprocessor 58
examines the identifier associated with the stored signaling message to determine whether the signaling
message is intended for its base station. If yes, the microprocessor will process the signaling message. If
no, the microprocessor discards the signaling message.

FIG. 8 is a simplified schematic of the uplink circuitry 42 in accordance with one
embodiment of the present invention. The uplink circuitry 42 includes signal level buffers 62, 64, a framer
66, a TSI 68, a USART 70, a microprocessor 72 and RAM 74. The signal level buffer 62 is connected to
the uplink path 39 to reduce the load on the T1 facility 36. The uplink data is passed through the signal
level buffer 62 to the framer 66, which searches for the beginning of a frame and/or a communication
channel in the uplink bit stream. Upon detecting the beginning of a frame and/or a communication
channel, the framer 66 sends an indication to the TSI 6B that the beginning of a frame and/or a
communication channel has been detected.

The TSI 68 is configured to pass the set of bits transmitted over the uplink traffic channel
back into the uplink traffic channels via the signal level buffer 64, and to pass the set of bits transmitted
over the signaling channel to the USART 70. ;I'he USART 70 will process uplink signaling channel bits in
the same manner the USART 56 processes downlink signaling channel bits. The signaling messages
passed from the USART 70 to the microprocessor 72 will be stored by the microprocessor 72 in RAM 74.
Note that the signaling messages passed by the USART 70 are signaling messages generated by other base
stations in the wireless communication system. In addition to these signaling messages, stored within
RAM 74 may also be a signaling message generated by the base station to which the microprocessor 72 is a
part (1.e., recelving or current base station). Signaling messages (generated by the current base station or
other base stations) stored in the RAM 74 are passed back to the USART 70 on a “first-in, first-out” basis.
The USART 70, in turn, will pass the signaling messages from the microprocessor 72 to the TSI 68.
Anytime the USART 70 does not receive a signaling message from the microprocessor to pass to the TSI
68, the USART 70 will pass flag characters to the TSI é8. The TSI 68 will insert the bits passed from
USART 70 into the uplink signaling channel via the signal level buffer 64, thus transmitting all the
signaling messages to the base station controller.

Note that the present invention should not be limited to an apparatus and method for
sharing a signaling channel. The present invention can also be used to share other communication
channels. Further note that the present invention should not be limited to being used in a wireless
communication system in which the base stations are connected in a daisy chain configuration to a base
station via a common T1 facility. Other configurations, such as parallel configurations, and other
transmission facilities are possible. Therefore, the spirit and scope of the present invention should not be

limited to the description of the embodiments contained herein.
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Claims:

1. A method for sharing a signaling channel in a wireless communication system
having a plurality of base stations connected in series via a transmission facility, the
transmission facility having a plurality of time slots, comprising:

accessing, at one of the plurality of base stations, downlink data feceived over the
signaling channel of the transmission facility, the signaling channel including a fixed
number of time slots; and

determining, at the accessing base station, whether a received identifier in the
downlink data of the signaling channel matches an identifier of the accessing base
station; and

processing a signaling message associated with the received 1dentifier when the
determining step determines a match between the received identifier and the i1dentifier of

the accessing base station.

2. The method of claim 1, further comprising:
forwarding the downlink data of the signaling channel to one of the base stations

downlink from the accessing base station.

3. The method of claim 1, further comprising:
receiving, at the accessing base station, another communication channel of the
transmission facility, the another communication channel having at least one time slot

and being a traffic channel, and a portion of the downlink data received over the tratfic

‘channel includes user traffic.

4. The method of claim 3, further comprising:
transmitting the user traffic to at least one mobile-telephone within a coverage

area associated with the accessing base station.
5. The method of claim 3, further comprising:

forwarding the user traffic to another of the plurality of base stations using the

traffic channel over which the user traffic was received.
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6. A method for sharing a signaling channel in a wireless communication system
having a plurality of base stations connected in series to each other via a transmission
facility, the transmission facility having a plurality of time slots, the method comprising
the steps of:

5 rece1ving, at one of the plurality of base stations, signaling data over the signaling
channel of the transmission facility from one of the plurality of base stations downlink
from the receiving base station, the signaling channel having a fixed number of time
slots;

storing the received signaling data at the receiving base station; and

10 forwarding stored signaling data from the receiving base station to one of the

plurality of base stations uplink from the receiving base station over the signaling

channel.

7. The method of claim 6, further comprising:

storing generated signaling data generated by the receiving base station.

15 8. The method of claim 7, wherein
the storing the received signaling data step stores the received signaling data in a
memory of the receiving base station;
the storing generated signaling data step stores the generated signaling data in the
memory of the receiving base station; and

20 the forwarding step forwards signaling data stored in the memory over the

signaling channel.

9. The method of claim 8, wherein the forwarding step forwards oldest signaling

data stored in the memory over the signaling channel.

10. The method of claim 6, wherein the signaling data includes information
25 1indicating from which one of the plurality of base stations the signaling message

originated.
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