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[57] ABSTRACT 

A system of the subject invention 'includes a mobile tele­
communications switching office (MTSO), several base sta­
tions and mobile units. The base stations serve respective 
sectors or cells to establish radio communications with 
mobile units in their sectors or cells. The base stations are 
connected to the MTSO which performs switching to estab­
lish call connections between mobile units and/or between 
units served by an external network to which the MTSO is 
connected. The MTSO uses dynamic channel allocation to 
designate base stations to serve a call connection in active 
mode and in standby mode for a particular channel. There­
fore, if communication with the base station serving a call 
connection in active mode is disrupted by a building, terrain 
or an equipment failure, for example, the MTSO can set the 
base station currently in active mode to standby mode, and 
can set the base station currently in standby mode, to active 
mode to serve the call connection on the channel. Thus, the 
use of sectors or cells in active and standby modes, allows 
for relatively reliable communications through macro-diver­
sity. Also, the ping-pong effect occurs relatively infrequently 
because the sectors or cells are switched between active and 
standby modes as a mobile unit moves along a sector or cell 
boundary, rather than requiring a handoff to another channel 
as required in conventional systems. Further, through use of 
dynamic channel allocation, handoffs in the traditional sense 
are relatively rare in the system of the subject invention. 

10 Claims, 8 Drawing Sheets 
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CELLULAR DEVICES, SYSTEMS AND 
METHODS USING INTERCELL 

MACRO-DIVERSITY AND DYNAMIC 
CHANNEL ALLOCATION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention is related to cellular devices, sys­
tems and methods, and more particularly, to cellular devices, 
systems and methods using macro-diversity and dynamic 
channel allocation. 

2. Description of the Related Art 
Cellular telephone systems typically use several cells to 

serve a service area. Each cell has a base station capable of 
establishing radio connections with mobile units in the cell. 
The channels used to establish the radio connections can be 
implemented as a frequency division multiple access 
(FDMA) system in which a particular frequency carries a 
respective channel. Alternatively, a channel can be imple­
mented in a time division multiple access (TDMA) channel 
in which a channel has a particular frequency and time slot. 
Code division multiple access (CDMA) systems are also 
used to establish channels, but these CDMA systems are not 
relevant to the subject invention. 

5 

2 
cate with a mobile unit. However, because base stations are 
extremely expensive, using more than one base station for a 
cell can be an uneconomical and impractical solution to 
shadowing. 

Another consideration important to a cellular telephone 
system, is the desirability of increasing the capacity of the 
system. To increase the capacity, a channel can be reused 
within a certain distance of a cell using the same channel as 
long as cochannel interference is below an acceptable level. 

10 This distance is called a 'reuse distance' and is usually 
defined as a distance at which a signal-to-interference ratio 
(SIR) is above a specified value. 

The reuse distance can be decreased by using directional 
(rather than omnidirectional) antennas at base stations serv-

15 ing cells in a cellular telephone system. In this situation, a 
cell is divided into sectors corresponding to respective 
directional antennas. Because the directional antenna has a 
relatively limited transmission area, the same channel can be 
reused relatively nearby the directional antenna. Accord-

20 ingly, the reuse distance is reduced and the capacity is 
correspondingly increased, in cellular telephone systems 
using sectoring. 

Although the use of sectoring increases the capacity of a 

25 
cellular telephone system, the use of sectoring also increases 
handoff processing because handoffs between channels are 
needed even as a mobile unit moves across a sector bound­
ary. Also, the ping-pong problem is an even greater concern 
if sectoring is used, because there are more sector bound­
aries than cell boundaries, so ping-pong effects are likely to 

30 
occur more frequently in cellular systems using sectoring. 

SUMMARY OF THE INVENTION 

The channels can be allocated to a cell in a fixed or 
dynamic manner. In fixed channel allocation, a cell is 
assigned a fixed set of channels to use for communications 
with mobile units in that cell. The fixed set of channels is 
determined to ensure that other nearby cells are not using a 
channel in the fixed set to avoid unacceptable levels of 
cochannel interference (that is, interference caused by more 
than one cell attempting to communicate simultaneously on 
the same channel). In dynamic channel allocation, a cell can 

th 35 use as many of the available channels as needed to serve e 

The subject invention uses both intercell macro-diversity 
and dynamic channel allocation to achieve relatively reliable 
and simplified cellular communication capabilities, reduc­
tion of the frequency of handoffs required in a cellular 
system, reduction of occurrences of the ping-pong effect, 
alleviation of shadowing and improvement of the capacity of 

calls for that cell, as long as the use of any allocated channel 
will not cause unacceptable levels of cochannel interference 
from other nearby cells. Thus, because dynamic channel 
allocation allows a cell to adjust the number of channels 

40 used by that cell depending upon the number of calls to be 
a cellular system, with relatively little expense. 

More specifically, a radio connection is established on a 
channel between a mobile unit and a base station in a cell 
(e.g., by using the 'self-location scheme' as explained in 
U.S. Pat. No. 4,932,049 to William C. Lee, which is incor-

served, dynamic channel allocation increases the trunking 
efficiency of a cellular system relative to fixed channel 
allocation. 

Whether a conventional cellular system uses fixed or 
dynamic channel allocation, as a mobile unit with an estab­
lished radio connection moves across a boundary between 
two cells, the original channel used to communicate with the 
mobile unit must be changed to a new channel used in the 
cell entered by the mobile unit. This operation of changing 
the channel used to communicate with the mobile unit on an 
established connection, is called a 'handoff'. 

One problem that occurs as a mobile unit moves along the 
boundary between two or more cells, is that multiple hand­
offs can occur. The resulting processing load on the cellular 
system resulting from multiple handoffs can be significant. 
This problem is commonly known as the 'ping-pong' effect. 

Another problem which has been identified in cellular 
systems, is the temporary interruption of a radio connection 
by a building or terrain, for example, interceding between a 
mobile unit and a base station serving the cell. One solution 
to this interruption of communication known as 'shadowing' 
is to provide more than one communication path to serve a 
call, a technique termed 'macro-diversity'. U.S. Pat. No. 
4,932,049 applies macro-diversity within a cell (i.e., intra­
cell macro-diversity) by using more than one base station 
arranged at different locations within the cell, to communi-

45 porated herein by reference). The base station in active 
communication with the mobile unit on a channel (i.e., 
transmitting signals to the mobile unit) is considered to be in 
active mode as to that channel. In addition to the active mode 
base station, the system also selects another base station as 

50 the second station to serve the same call. The selection is 
based on the signal strength measurement of the stations 
within a predetermined proximity to the cell designated to be 
in active mode. From among the cells within the predeter­
mined proximity to the designated active mode cell, the base 

55 station of the cell with the strongest signal (actually, this is 
ideally the secondmost strong signal overall because the 
firstmost strong signal would be used to serve the radio 
connection in active mode) is designated to serve the con­
nection in 'standby mode' if the use of the channel in that 

60 cell would not violate a reuse distance requirement and 
therefore require a handoff to another channel. In standby 
mode, the base station of the cell in standby mode does not 
actually transmit signals to the mobile unit, but is tuned to 
the channel and available to communicate with the mobile 

65 unit on the channel if needed. The sector or cell associated 
with a base station in standby mode, is also considered to be 
in standby mode. 



5,586,170 
3 

In the subject invention, if the signal strength of the cell 
in standby mode becomes greater than that of the cell 
serving the call in active mode, the subject invention 
switches that cell from standby mode to active mode, and 
switches the other cell in active mode, to standby mode. 5 
Accordingly, only one of the cells designated to serve a 
connection, is in active mode at any given time. 

The subject invention compares the signal strengths of the 
cells in standby and active modes, with a predetermined 
value. If either of the signal strengths falls below the 10 

predetermined value, the subject invention measures signal 
strengths of the channel in different cells to determine a 
replacement cell to serve the connection in standby mode 
while the other cell maintains the connection with the 
mobile unit in active mode. Importantly, because dynamic 15 
channel allocation is used, the same frequency (and slot 
number, in the case of a TDMA system) of a connection is 
maintained even as the mobile unit moves from cell to cell 
(or from sector to sector if sectoring is used), until the use 
of the channel violates a reuse distance requirement. When 20 
that happens, a handoff in the traditional sense is performed. 

Of course, the subject invention can be readily applied to 
a cellular system using sectors rather than cells (and pref­
erably, the subject invention is so applied). Also, more than 
one sector or cell can be used in standby mode to serve a 25 

connection with a mobile unit by designating a plurality of 
sectors or cells with the strongest signals measured, to serve 
the connection in standby mode. 

30 

35 

4 
FIG. 6 is a flow chart of a method for switching as 

necessary an active mode base station to standby mode, and 
a standby mode base station to active mode, in accordance 
with the subject invention; and 

FIG. 7 is a flow chart of a method for determining a base 
station to serve a call connection in active or standby modes 
in accordance with the subject invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

1. The Cellular System 

FIG. 1 is a diagram of a cellular telephone system to 
which the subject invention can be applied. In FIG. 1, a 
service area is divided into a plurality of cells 1-7 served by 
respective base stations 11-17. The base stations 11-17 
generally function to establish radio connections with 
mobile units within their respective cells 1-7 (e.g., mobile 
units 40, 41). 

In FIG. 1, the base stations 11-17 use three directional 
antennas aligned to cover about 120° of arc for respective 
sectors 100--102, 200--202, 300--302, 400--402, 500--502, 
600--602 and 700--702, as illustrated by the dashed lines in 
the cells 1-7. The directional antenna patterns of the sec­
toring scheme will confine the transmitted signal in an area 
of exactly the same size as a single cell (for example, the 
area covered by the three sectors 400, 702, and 501 has the 
same area as that of any cell 1-7). This means that macro-
diversity implemented by the subject invention, while 
enhancing the received signal quality, will not increase the 
cochannel interference due to the fact that two stations serve 
one connection at any given time. Although the cellular 
system of FIG. 1 uses sectoring, the subject invention can be 
applied to a cellular system which does not use sectoring, as 
will be apparent to persons with a basic understanding of 
cellular systems. However, the use of sectoring in the subject 
invention is preferred to increase the capacity of the cellular 

Thus, the subject invention advantageously uses dynamic 
channel allocation not only for the usual purpose of increas­
ing trunking efficiency, but also for the implementation of 
macro-diversity-that is, using two base stations to serve the 
same connection simultaneously. Because more than one 
sector or cell is used to communicate with the mobile unit, 
one serving in active mode and the other(s) serving in 
standby mode, the subject invention alleviates shadowing 
effects by obstruction of communications caused by a build­
ing or terrain, for example, by switching the sectors or cells 
designated to serve a connection between active and standby 
modes. 

40 
system using the subject invention. 

These together with other objectives and advantages, 
which will become subsequently apparent, reside in the 
details of construction and operation as more fully herein­
after described and claimed, reference being had to the 
accompanying drawings, forming a pan hereof, wherein like 
numerals refer to like pans throughout. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The base stations 11-17 are linked to a mobile telecom­
munications switching office (MTSO) 20 serving the entire 
service area. Basically, the MTSO 20 performs switching to 
establish connections between mobile units communicating 

45 with each other within the service area, and to establish 
connections between mobile units and units served by the 
network 30. The network 30 can be an existing telephone 
network, for example. 

FIG. 1 is a cellular system in accordance with the subject 50 
invention; 

2. The Mobile Unit 

FIG. 2 is a block diagram of a mobile unit in accordance 
with the subject invention; 

FIG. 3 is a block diagram of a base station in accordance 
with the subject invention; 

FIG. 4a is a block diagram of a mobile telecommunica­
tions switching office (MTSO) in accordance with the sub­
ject invention; 

FIG. 4b is a diagram of the state of the switch fabric 22 
for a first connection pattern in accordance with the subject 
invention; 

FIG. 4c is a diagram of the state of the switch fabric 22 
for a second connection pattern in accordance with the 
subject invention; 

FIG. 5 is a flow chart of a method for setting-up a call 
connection in accordance with the subject invention; 

FIG. 2 is block diagram of the mobile unit 40 of FIG. 1. 
Because the elements included within the mobile unit 40 are 
similar to those included in the mobile unit 41, an explana- · 

55 tion of the elements included in the mobile unit 41 is omitted 
as redundant. 

Mobile unit 40 includes control processor 42, a handset 
unit 43, transceiver 44 and an antenna 45. The control 
processor 42 controls the overall operations of the mobile 

60 unit 40. The control processor 42 includes a processor 46 
which can be a microprocessor, for example. The control 
processor 42 also includes a memory 47 to store control 
programs, programmed data and data obtained or generated 
during operation of the mobile unit 40. 

65 The handset 43 includes keys 48, microphone 49 and 
speaker 50. The keys 48 are manipulated by a user to enter 
a call number or a command to perform a particular opera-
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tion. The microphone 49 and speaker 50 serve as an audio/ 
electronic interface for the user and the mobile unit 40. 

The control processor 42 and the handset 43 are coupled 
to the transceiver 44. The transceiver 44 receives voice and 
control signals from the antenna 45, and converts the control 
and voice signals into formats usable by control processor 
42 and the handset 43, respectively. Also, the transceiver 
unit 44 receives control signals generated by the control 
processor 42 and amplifies the control signals for transmis­
sion on the antenna 45. Further, the transceiver unit 44 
receives voice signals from the handset unit 43 and amplifies 
these voice signals for transmission on the antenna 45 on a 
channel designated by the control processor 42. 

When the power of the mobile unit 40 is 'on', it locks onto 
the strongest set-up channel and stores that information 
including the identity of the strongest set-up channel, in the 
memory 47. This locking process is updated periodically 
(e.g., every minute). In response to call initiation from a user 

6 
The base station 11 is coupled to the MTSO 20 via data 

link 111 and voice trunks 112. The data link 111 and the 
voice trunks 112 serve to transmit control data and voice 
data, respectively, between the base station 11 and the 

5 MTSO 20. A data interface 113 receives control data such as 
instructions, from the data link 111 and converts this control 
information into a form suitable for data controller 114. The 
data interface 113 also converts control data such as mea­
sured signal strengths, received from the data controller 114 

10 
into a form suitable for transmission on the data link 111. 
The data controller 114 controls power scanner 115 which 
includes six power scanning units in FIG. 3 (of course, more 
or less scanning units can be used as needs require). Based 
on the control data (i.e., instructions) from the MTSO 20, the 
power scanner 115 tunes to selected frequencies of channels 

15 received by receiving antennas 116-118 of respective trans­
ceiver units 119-121. Because sectoring is used in the base 
stations 11-17 of FIG. 1, the base station 11 includes three 
transceiver units 119-121 for each of the sectors served by 
the base station 11. However, if the subject invention is used 

20 in a cellular system with no sectoring, the base station 11 
would include only one transceiver unit with an omnidirec­
tional antenna to serve the cell. 

A line controller 122 is coupled to the voice trunks 112, 
the data controller 114, and the transceiver units 119-121. 

25 The line controller 122 sets-up and disconnects voice cir­
cuits in the transceiver units 119-121. Also, the line con­
troller 111 transmits voice traffic between the MTSO 20 and 
the transceiver units 119-121. 

or a paging message, the control processor 42 will use the 
strongest set-up channel currently available to lock into 
communication with the base station 11-17 associated with 
the strongest set-up channel. After a voice channel is iden­
tified by the MTSO 20, information including the identity of 
the voice channel will be sent back to the mobile unit 40. 
The processor 46 then controls the transceiver 44 to tune to 
the voice channel and connects the microphone 49 and the 
speaker 50 to the transceiver unit 44 so that the user can 
transmit and receive voice signals via the antenna 45. When 
the user hangs-up the handset 43 or the unit at the other end 
of the call connection hangs-up, the control processor 42 30 

disconnects the handset unit 43 from the transceiver unit 44 

In FIG. 3, the elements included in the transceiver unit 
119 are shown. The other transceiver units 120, 121 include 
similar elements to those of the transceiver unit 119, so an 
explanation of the elements of transceiver units 120, 121 is 
omitted in the following description to avoid redundancy. 

and begins to monitor the signals received on the transceiver 
unit 44 for the unique paging message associated with the 
mobile unit 40. 

The mobile unit 40 so far described performs the usual 
functions of a mobile unit. However, it can also be modified 
to simplify the tasks performed in the cellular system of the 
subject invention. For example, for the cellular system of the 
subject invention, the locking process which is repeated 
periodically (e.g., every minute) when the mobile unit 40 is 
not being used for a conversation, not only records in the 
memory 47 the strongest set-up chanµel, but also the second 
strongest set-up channel. When a call is initiated by the user 

35 
The specific elements of the transceiver unit 119 include 
frequency synthesizers 123 coupled to respective transmit­
ters 124 and receivers 125. The transmitters 124 and the 
receivers 125 are coupled to respective switches 126, 127. 
The switch 126 is coupled to transmitting antenna 128 and 

40 
the switch 127 is coupled to receiving antenna 116. Like the 
transceiver unit 119, the transceiver units 120, 121 include 
respective transmitting antennas 129, 130. 

or a paging message is received, the mobile unit 40 will use 
45 

the strongest set-up channel to communicate with the base 
station. On the strongest set-up channel, the mobile unit 40 
also transmits information including the identity of the base 
station associated with the secondmost strong set-up chan­
nel, so that the MTSO 20 can select the 'standby' mode base 50 
station immediately. In a TDMA system, a mobile unit 40 
can perform power measurement even while it is commu­
nicating by using a time slot(s) other than the one used for 
conversation. Thus, in the TDMA system, the mobile unit 40 
can be charged with the tasks of monitoring the signal 

55 
strengths of active and standby mode base stations and of 
instructing them to switch. 

3. The Base Station 
60 

The line controller 122 receives various instructions from 
the data controller 114 which are issued from the MTSO 20 
via the data link 111 and the data interface 113. One type of 
instruction, an active mode (or call) set-up instruction, 
designates a channel and sector to be used to communicate 
in active mode with a mobile unit. This type of instruction 
instructs the line controller 122 to control a frequency 
synthesizer 123 for the transceiver unit serving the sector 
designated by the active mode instruction, to oscillate at the 
frequency used for the channel indicated in the active mode 
instruction. The line controller 122 then controls the fre­
quency synthesizer 123 to modulate its signal. If TDMA 
channels are used, the line controller 122 modulates the 
signal generated by the frequency synthesizer 123 in the 
appropriate time slot indicated by the channel designation 
from the active mode instruction received from the MTSO 
20. 

The second type of instruction is the standby mode set-up 
instruction. In response to this instruction, the line controller 
122 will perform all the tasks of an active mode set-up 
instruction, with the exception that the switch 119 for the 
transmitter 123 serving the call connection in standby mode, 

FIG. 3 is a block diagram of the base station 11. Of course, 
the base stations 12-17 are similar to the base station 11 and 
will be readily understood by examination of the base station 
11 alone. In later sections, the elements included in the base 
station 11 will be indicated as elements of other base stations 
12-17 as· needed to refer to the elements of the base stations 
12-17. 

65 will be turned 'off' so that the base station will not transmit 
the signal to the mobile unit 40, but the receiver switch 127 
for the receiver 125 serving the call in standby mode is 'on' 
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so that the base station can receive signals from the mobile 
unit 40. 

The third type of instruction is the 'switch mode' instruc­
tion. The line controller 122 will either tum the switch 119 
'on' if the line controller 122 is instructed to switch from 
standby mode into active mode, or tum the switch 'off' if the 
line controller 122 is instructed to switch from active mode 
to standby mode. 

Still another instruction issued by the MTSO 20 to the 
base stations 11-17 under certain circumstances, is the 
signal strength measurement instruction. The signal strength 
measurement instruction causes the data controller 114 to 
control the power scanner 115 to use one or more of its 
power scanning units to measure the signal strength(s) on a 
channel for one or more sectors (or cells if sectoring is not 
used) designated by the signal strength measurement 
instruction. The data controller 114 receives the measured 
signal strength(s) from the power scanner 115 and sends the 
measured signal strengths as control data to the MTSO 20 
via the data interface 113 and the data link 111. 

In addition, the base stations 11-17 will periodically 
measure the signal strengths of all the respective connec­
tions they currently serve and report that information to the 
MTSO 20. The MTSO 20 will use that information to decide 
whether a switch mode instruction will be issued to switch 
a transceiver unit 119-121 between active and standby 
modes. Worth noting is that in a TDMA system, this periodic 
power measurement may be performed by the mobile unit 
40 during a time slot(s) other than the one used for conver­
sation. The mobile unit 40 then sends the power measure­
ment result to the active mode base station 11-17 which then 
relays this information to the MTSO 20. 

4. The Mobile Telecommunications Switching 
Office (MTSO) 

8 
an available voice channel which would not violate any 
reuse distance requirement, and sends the identity of this 
voice channel to the cell or sector receiving a request for 
service from the called mobile unit on the strongest set-up 

5 channel. 
On the other hand, if the called unit is served by the 

network 30 of FIG. 1, the control processor 21 sends the call 
number and request for service to the network 30 via a trunk 
26. The control processor 21 will also control the switching 

10 fabric 22 to connect the voice trunk 112 serving the voice 
channel, to the appropriate trunk 26 serving the network 30. 

The MTSO 20 of the cellular system of the subject 
invention must have the capability to change its switching 
state more frequently than a conventional MTSO. This state 

15 information is usually stored in memory 28. Periodically, the 
MTSO 20 receives the signal strength reports from the 
active mode base station and the standby mode base station, 
serving the connection. If the standby mode base station has 
a signal strength stronger than that of the active mode base 
station, a switch mode instruction will be sent to the active 

20 mode and standby mode base stations. In the meantime, the 
connection state within the switch fabric 22 has to be 
updated accordingly. 

This is explained in FIGS. 4b and 4c where it is assumed 
that signals from base stations 11 and 12 for mobile unit 40 

25 will be sent to base stations 13 and 14 which serve mobile 
unit 41. Two types of connections can be arranged. The first 
connection pattern is shown in FIG. 4b where the signal 
received from the active mode base station will be sent to the 
active mode base station serving mobile unit 41. In the 

30 second connection pattern of FIG. 4c, the signal received 
from the active mode station serving mobile unit 40 will be 
sent to both active mode and standby mode base stations 
serving mobile unit 41. This requires the MTSO 20 to have 
1-to-2 multicast capability. Because the switch 126 in the 

35 standby mode base station is turned 'off', only the active 
mode base station will transmit the signal. If the switch 
mode function is left to the mobile unit (this is possible in 
a TDMA system, as previously explained, or an FDMA 
system with an additional receiver in the mobile unit), then 

FIG. 4a is a block diagram of the MTSO 20 of FIG. 1. In 
FIG. 4a, the MTSO 20 includes control processor 21, 
switching fabric 22 and data link equipment 23. The control 
processor 21 includes a processor 24 and a memory 25. The 
memory 25 stores various data and control programs used by 
the processor 24 to generate control information for base 
stations 11-17 via the data link equipment 23, to set-up 
connections through the switching fabric 22, and to com- 45 
municate with network 30 via trunks 26. 

40 
the MTSO 20 can send the signal to active mode and standby 
mode base stations and let the mobile unit instruct which 
base station should be 'on' or 'off'. Thus, if the switch mode 
function is controlled by a mobile unit, only the second 
connection pattern of FIG. 4c can be used. 

The control processor 21 receives the signal strength 
reports from the base stations 11-17. It then issues a switch 
mode instruction, using the processor 24 and the memory 
25, to the base stations 11-17 if necessary. The control 
processor 21 also generates, using the processor 24 and the 

If a call originates from a mobile unit in the service area 
served by the MTSO 20, the control processor 21 receives 
a call number, request for service message, and sector 
identification data if sectoring is used. The control processor 
21 refers to its memory 25 to determine a channel which is 
available and which would not violate a reuse distance 
requirement if used in the sector (or cell if sectoring is not 
used) requested. The control processor 21 then uses the 
processor 24 to compare the call number with data stored in 
the memory 25, to determine if the call number indicates that 
another mobile unit served by the MTSO 20 has been called, 
or that the called unit is served by the network 30 coupled 

50 memory 25, a signal strength measurement instruction to a 
base station to locate an appropriate base station to serve a 
connection. In response to the signal strength measurement 
instruction, the base stations 11-17 that receive this instruc­
tion will measure the signal strength for the sector or cell and 

55 voice channel identified in the signal strength measurement 
instruction, and report the measured signal strength to the 
control processor 21 via the data link equipment 23 and a 
data link 111. 

to the trunks 26. If the call number indicates that a call 
connection is to be established with another mobile unit, the 60 

control processor 21 uses the processor 24 and the memory 

Additional call processing performed by the MTSO 20 
primarily with the processor 24 and memory 25 of the 
control processor 21, will be apparent in the description of 
the methods of the subject invention described in sections 5 
and 6 below. 

25 to send a paging message to cells in which the called 
mobile unit is most likely to be found. Alternatively, the 
control processor 21 can use the processor 24 to broadcast 
the paging message to all cells served by the MTSO 20. If 65 

the called mobile unit responds to its unique paging mes­
sage, the control processor 21 refers to its memory 25 to find 

5. Setting-Up and Disconnecting a Call Connection 

The following description refers primarily to FIG. 5 to 
explain the setting-up of a call connection in accordance 
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with the first method of the subject invention. The first 
method begins in step Sl of FIG. S. As described previously, 
once power is supplied to the mobile unit 40 (i.e., the mobile 
unit 40 is 'on'), the mobile unit 40 will periodically scan a 
plurality of set-up channels and store the firstmost and 5 
secondmost strong set-up channels in its memory 47. Usu­
ally, each sector of a base station 11-17 has one set-up 
channel. When the user of the mobile unit 40 depresses 
appropriate keys 48 to initiate a call, the call number will be 
transmitted through the strongest set-up channel to the base 
station 11-17 associated with the strongest set-up channel 

10 

(step S2 in FIG. S). The mobile unit 40 also transmits to the 
base station 11-17 with the strongest set-up channel, the 
secondmost strong set-up channel information including the 
identity of the sector (or cell if sectoring is not used) with the 
secondmost strong set-up channel (step S2 of FIG. S). This 

15 

information is used by the MTSO 20 to determine the base 
station 11-17 and its sector (or cell) to serve the call 
connection, as the standby mode base station. In the present 
example, the sector 101 of the base station 11 is initially 
assumed to have the strongest set-up channel and the sector 

20 

200 of the base station 12 to have the secondmost strong 
set-up channel. The called number and the secondmost 
strong set-up channel information will be relayed by the 
base station 11 to the MTSO 20 through the high-speed data 
link 111 in FIG. 3. 25 

The control processor 21 of the MTSO 20 determines 
whether an appropriate channel exists for the sector 101 of 
base station 11 and sector 200 of the base station 12 (step S3 
of FIG. S). For example, this determination is used to ensure 30 
that a reuse distance requirement would not be violated by 
using the channel in sectors 101 and 200. Because dynamic 
channel allocation is used in the subject invention, the 
probability that the MTSO 20 will be able to find an 
appropriate channel is relatively high. The MTSO 20 will 35 
then instruct the base stations 11 and 12 to set-up their 
transceivers and operation modes accordingly (step S4 of 
FIG. S). If the MTSO 20 cannot find an appropriate channel, 
the call will be rejected (step SS of FIG. S). 

The MTSO 20 determines the destination of the call 40 

based on the call number (step S6 of FIG. S). The destinatio~ 
can be a telephone or other unit reached through the network 
30, or another mobile unit within the service area. If the call 
number indicates a telephone reached through the network 
30, the MTSO 20 will forward the call number to the 45 
network 30 to set-up the call using the switch fabric 22 (step 
S7 of FIG. S), and the setting-up of the call connection is 
completed (step Sll of FIG. S). If the call number indicates 
that another mobile unit (for example, mobile unit 41 in FIG. 
1) is the destination, the MTSO 20 sends a paging message 50 

either to a base station(s) 11-17 in which the mobile unit 41 
is most likely to be found or to all of the base stations 11-17 
(step SS of FIG. S). Those of the base stations 11-17 which 
receive the paging instruction from the MTSO 20 in turn 
send a paging message through a special paging channel to 55 
all mobile units in their respective cells. Upon receiving the 
paging message, the paged mobile unit 41 recognizes its 
unique paging message and will respond using the strongest 
set-up channel, assumed to be sector 401 of base station 14 
in FIG. 1 of the present example (step S9 of FIG. S). At the 60 
same time, the secondmost strong set-up channel informa­
~on including the identity of the sector (or cell if sectoring 
is not used) assumed to be sector 302 of base 13 in the 
present example, will also be transmitted in a similar way to 
that described previously. The MTSO 20 then ensures that 65 

the use of the channel selected in step S3 of FIG. S, would 
be appropriate in the firstmost and secondmost strong set-up 

10 
channels as determined by the called mobile unit. For 
example, the use of the channel in the sectors (or cells) for 
the firstmost and secondmost strong set-up channels should 
not violate a reuse distance requirement stored as data in the 
memory 2S. If the use of the channel selected in step S3 of 
FIG. S would not violate a reuse distance requirement, the 
MTSO 20 sets the switch fabric 22 to establish a call 
connection (step SlO of FIG. S), and the setting-up of a call 
connection is completed (step Sll of FIG. S). 

In FIG. 6, the second method 'of the subject invention can 
be performed by the MTSO 20 (specifically, the processor 
24 under control of a control program stored in the memory 
2S). Alternatively, if a TDMA system is used, a mobile unit 
40 (specifically, the processor 46 under control of a control 
program stored in the memory 47) can be used instead of the 
MTSO 20 to perform the second method of the subject 
invention in FIG. 6 (with the exception of step SS which 
must be performed by the MTSO 20 under direction from 
the mobile unit 40). The second method of the subject 
invention is used to determine whether a base station(s) 
serving a call connection should be switched between active 
and standby modes. 

The second method of the subject invention begins in step 
Sl of FIG. 6. In the midst of conversation, the MTSO 20 will 
periodically receive signal strength reports for all base 
stations 11-17 serving a call in standby or active mode (step 
S2 of FIG. 6). The MTSO 20 determines if the signal from 
the standby mode base station is stronger than the signal 
from the active mode base station (step S3 of FIG. 6). If so, 
the MTSO 20 sends a switch mode instruction to the active 
mode base station to switch from active mode to standby 
mode, and sends a switch mode instruction to the standby 
mode base station to switch from standby mode to active 
mode (step S4 of FIG. 6). The MTSO 20 also writes into the 
switch memory 28 to change the state of the switch fabric 22 
(step SS of FIG. 6) so that the connections are correctly set 
to account for the switching of the active and standby mode 
base stations. The processing performed by the MTSO 20 
then ends in step S6 of FIG. 6 if no switching between active 
and standby modes was required in step S3 of FIG. 6, or if 
switching between active and standby modes was required 
in step S3 and performed in steps SS and S6. 

Returning to consideration of step S2 of FIG. 6, the base 
stations 11-17 preferably perform a signal strength mea­
surement operation periodically under control of their 
respective data controllers 114 using power scanners llS. 
The measured signal strengths are then reported to the 
MTSO 20. Alternatively, the MTSO 20 can use a signal 
strength measurement instruction to direct the base stations 
11-17 to measure and report signal strengths. If the mobile 
unit 40 or 41 performs the processing of FIG. 6 instead of 
the MTSO 20, the mobile unit 40 or 41 are themselves 
capable of obtaining signal strength measurements to per­
form step S2 of FIG. 6. 

As a mobile unit with an established call connection 
moves in a service area, the cellular system of the subject 
invention periodically determines the base station best suited 
to serve the call in standby mode. This determination is 
performed by the MTSO 20 (specifically, the processor 24 
under control of a control program stored in the memory 2S) 
in the method of FIG. 7. 

In step Sl, processing for the method of FIG. 7 begins. 
The initiation of processing for the method of step Sl can 
result from a determination by the MTSO 20 that a signal 
strength for an active or a standby mode base station, is 
below a predetermined value, or can be performed periodi-
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cally by the MTSO 20. In step S2 of FIG. 7, signal strengths 
are measured on a channel serving a call using base stations 

12 
subject invention can be modified such that only the active 
mode base station serves the connection with a mobile unit 
initially, and when a deterioration of signal strength is 
detected, through techniques previously described, the 

for sectors within a predetermined proximity to the sector in 
active mode. To perform step S2, the MTSO 20 can issue a 
signal strength measurement instruction to appropriate base 
stations, or the MTSO 20 can refer to signal strength 
measurement reports stored in its memory 25, that are 
received periodically from the base stations. In this signal 
strength measurement, at least one of the base stations is in 

5 standby mode station is added to serve the connection. If 
signal strength for the connection improves above a prede­
termined level, the cellular system of the subject invention 
can revert to having the active mode base station serve the 
cell connection by itself after the standby mode base station 

10 
is disconnected. All of these variations and modifications 
and any equivalents, are considered to be within the scope 
of the subject invention as set forth in the following claims. 

a cell different from the cell including the sector in active 
mode. This ability to measure signal strengths for the radio 
connection in sectors of different cells is a unique feature of 
the subject invention made possible through the implemen­
tation of macro-diversity. In step S3 of FIG. 7, the sector 
associated with the strongest signal among the signal 15 

strengths measured in step S2, is determined. In step S4, a 
determination is made to determine whether the use of the 
channel in the sector associated with the strongest signal 
strength would violate a predetermined reuse distance 
requirement. This determination can be made, for example, 20 

by the MTSO 20 by referring to data stored in the memory 
25 indicating the channels that can or cannot be used in each 
sector. If the determination in step S4 establishes that the 
channel cannot be used in the sector without violating a 
reuse distance requirement, a handoff in the traditional sense 25 
must be performed in step SS of FIG. 7, after which 
processing proceeds to step S6. On the other hand, if the 
processing of step S4 of FIG. 7 determines that no handoff 
is required, the MTSO 20 designates the base station of the 
sector determined in step S3 to serve the call connection in 30 

standby mode in which the base station of the sector 
determined in step S3 does not transmit signals to the mobile 
unit with the established call connection. In step S7, the 
processing for the method of FIG. 7 ends. 

Upon receiving a disconnect message indicating the ter- 35 

mination of a call, the control processor 21 will instruct any 
of the base stations 11-17 serving the call to disconnect via 
the data link equipment 23 and the appropriate data link(s) 
111. The control processor 21 will also control the switching 
fabric 22 to disconnect any of the voice trunks 112 or trunks 40 

26 associated with the call connection. Also, the control 
processor 21 will update its memory 25 and memory 28 to 
indicate the availability of the voice channels that are 
disconnected. 

Of course, a unit served by the network 30 can initiate a 45 

call to a mobile unit. In this situation, the processing is 
similar to that discussed above with respect to establishing 

I claim: 
1. A cellular communication system comprising: 
a plurality of base stations including respective transmit-

ters coupled to respective frequency synthesizers serv­
ing respective cells that collectively define a service 
area, the base stations further including respective 
directional antennas coupled to the respective transmit-
ters that serve sectors within respective cells; 

a mobile unit moving in the service area, capable of 
communicating with the base stations; and 

a switch communicating with the base stations, the switch 
dynamically allocating channels to the base stations for 
use in respective sectors, the switch controlling at least 
first and second base stations of different cells to serve 
communication with the mobile unit in respective sec­
tors on the same channel; 

wherefrt at least two base stations report respective signal 
strengths for communication with the mobile unit, to 
the switch, 

the switch determines the firstmost and secondmost strong 
signal strengths among the reported signal strengths, 

the switch controls the first base station associated with 
the firstmost strong signal to serve communication with 
the mobile unit in active mode in which the frequency 
synthesizer of the first base station oscillates at the 
frequency of the channel and the transmitter of the first 
base station is activated to transmit signals on the 
channel to the mobile unit, and 

the switch controls the second base station associated with 
the secondmost strong signal to serve communication 
with the mobile unit in standby mode in which the 
frequency synthesizer of the second base station oscil­
lates at the frequency of the channel but the transmitter 
of the second base station is not activated to transmit 
signals to the mobile unit. 

a connection between the mobile unit 41, the base station 14 
and the MTSO 20, except that the MTSO 20 will control the 
switching fabric 22 to connect an appropriate trunk 26 to a 
voice trunk 112, rather than connecting two voice trunks 112 
together. 

2. A cellular communication system as claimed in claim 

50 
1, wherein the switch instructs the base stations to report 
respective signal strengths. 

3. A cellular communication system as claimed in claim 
1, wherein the base stations periodically report respective 
signal strengths. 

6. Variations 
55 

4. A cellular communication system as claimed in claim 
1, wherein: The devices, systems and methods of the subject inven­

tion can be varied or modified in a variety of ways without 
departing from the scope and spirit of the subject invention. 
For example, although the foregoing description has been 
described with cells using sectoring, the devices, systems 60 

and methods of the subject invention can be readily adapted 
for use with cells that do not use sectoring. Also, the devices, 
systems and methods of the subject invention can be adapted 
so that more than one cell or sector is designated to serve a 
call connection in standby mode. Further, the subject inven- 65 
tion can be readily adapted to systems using more than one 
base station per cell. In addition, the cellular system of the 

the base stations report respective signal strengths for 
communication with the mobile unit, and 

as the mobile unit moves through the service area, the 
switch controls the substitution of base stations used as 
the first and second base stations that serve communi­
cation with the mobile unit using the same channel 
allocated to the original first and second base stations, 
based on the reported signal strengths. 

5. A cellular communication system as claimed in claim 
4, wherein the signal strengths are measured at the mobile 
unit and reported to the base stations. 
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6. A cellular communication system as claimed in claim 
4, wherein the signal strengths are measured at the base 
stations. 

7. A cellular communication system comprising: 
a plurality of base stations including respective transmit- 5 

ters coupled to respective frequency synthesizers serv-
ing respective cells that collectively define a service 
area, the base stations further including respective 
directional antennas coupled to the respective transmit­
ters that serve sectors within respective cells; 

a mobile unit moving in the service area, capable of 
communicating with the base stations; and 

10 

a switch communicating with the base stations, the switch 
dynamically allocating channels to the base stations for 

15 
use in respective sectors, the switch controlling at lea,st 
first and second case stations of different cells to serve 
communication with the mobile unit in respective sec­
tors on the same channel; 

wherein the first and second base stations report respec- 20 
tive signal strengths for communication with the 
mobile unit, to the switch; 

wherein the switch determines the base station associated 
with the strongest signal strength; 

wherein the switch controls the one of the first and second 25 

base stations associated with the strongest signal 
strength to serve communication with the mobile unit 
in active mode in which the frequency synthesizer of 
the one of the base stations oscillates at the frequency 
of the channel and the transmitter of the one of the base 30 

stations is activated to transmit signals to the mobile 
unit; and 

wherein the switch controls the other of the first and 
second vase stations that is not associated with the 

35 strongest signal to serve communication with the 
mobile unit in standby mode in which the frequency 
synthesizer of the other of the first and second base 
stations oscillates at the frequency of the channel but 
the transmitter of the mobile unit is not activated to 

40 transmit signals for communication with the mobile 
unit. 

8. A method comprising the steps of: 
a) dividing a plurality of cells served by respective base 

stations, said base stations including respective trans-
45 

mitters coupled to respective frequency synthesizers 
serving respective cells that collectively define a ser­
vice area, into sectors using directional antennas that 
limit signal propagation within the sectors; 

b) dynamically allocating a channel for use in respective 50 

sectors served by at least two base stations in different 
cells, to serve communication with the mobile unit; 

c) measuring strengths of signals transmitted between the 
base stations and the mobile unit in the sectors; and 

d) determining the sectors having the first most and 55 

secondmost strong signals from among the signals 
measured in said step (c); and 

wherein the channel in said step (b) is dynamically 
allocated to the two base stations for use in the sectors 
associated with the firstmost and secondmost strong 60 

signals in said step (d); 
wherein said step (b) includes a substep of controlling the 

base station associated with the firstmost strong signal 
to serve communication with the mobile unit on the 
channel in an active mode in which the frequency 

14 
synthesizer of the base station associated with the 
firstmost strong signal oscillates at a frequency of the 
channel and the transmitter of the base station is 
activated to transmit signals for communication with 
the mobile unit; and 

wherein said step (b) further includes a substep of con­
trolling the base station associated with the secondmost 
strong signal to serve communication with the mobile 
unit on the channel in standby mode in which the 
frequency synthesizer of the base station associated 
with the secondmost strong signal strength oscillates at 
the frequency of the channel but the transmitter of the 
base station associated with the secondmost strong 
signal is not activated to transmit signals to the mobile 
unit. 

9. A method as claimed in claim 8, further comprising the 
step of: 

e) repeating said steps (c) and (d): and 
f) if the signal strength of the base station fonherly 

associated with the secondmost strong signal strength 
exceeds the signal strength of the base station formerly 
associated with the firstmost strong signal strength, 
switching the base station formerly associated with the 
secondmost strong signal into the active mode and 
switching the base station formerly associated with the 
firstmost strong signal into the standy mode. 

10. A cellular communication system comprising: 
a plurality of base stations including respective transmit­

ters coupled to respective frequency synthesizers serv­
ing respective cells that collectively define a service 
area, the base stations further including respective 
directional antennas coupled to the respective transmit­
ters that serve sectors within respective cells; 

a mobile unit moving in the service area, capable of 
communicating with the base stations; and 

a switch communicating with the base stations, the switch 
dynamically allocating channels to the base stations for 
use in respective sectors, the switch controlling at least 
first and second base stations of different cells to serve 
communication with the mobile unit in respective sec­
tors on the same channel; 

wherein at least two base stations report respective signal 
strengths for communication with the mobile unit, to 
the switch, 

the mobile unit determines the firstmost and secondmost 
strong signal strengths among the reported signal 
strengths, 

the switch controls the first base station associated with 
the firstmost strong signal to serve communication with 
the mobile unit in active mode in which the frequency 
synthesizer of the first base station oscillates at the 
frequency of the channel and the transmitter of the first 
base station is activated to transmit signals on the 
channel to the mobile unit, and 

the switch controls the second base station associated with 
the seeondmost strong signal to serve communication 
with the mobile unit in standby mode in which the 
frequency synthesizer of the second base station oscil­
lates at the frequency of the channel but the transmitter 
of the second base station is not activated to transmit 
signals to the mobile unit. 

* * * * * 
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'71' sh:1l1d te -S"/-
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