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The present invention relates qenerally to cellular mobile radio 

systems havinq channels for transmitting information between base 

stations and mobile stations. More precisely, the present 

invention relates to a method of settinq up calls and a method of 

handinq off calls whereby consideration is qiven to the load 

capacity of several types of channels. 

BACKGROUND OF THE INVENTION ·. 

In cellular mobile radio systems, it is fundamental that a mobile 

station with an established connection on a radio channel shall be 

able to maintain the_esta~lished connection when moving from one 

cell serviced by a base .st'ation to another cell serviced by 

another base station. It is also hiqhly desirable that the mobile 

station with an established connection on a radio channel shall. be 

able to maintain the established. connection when·movinq within the 

same cell or when the radio channel which is used is subjec~ to 

increased interference. 'l'he process by which a mobile station can 

maintain an established connection when moving in a cellular 

mobile radio system is qenerally called a handoff. 

In qeneral, radio communication is only possible when the desired 

information carryinq radio siqnals have sufficient siqnal strenqth 

a~ the receiver and are sufficient~y stronq relative to the noise 

and interfering radio signals at the receiver. The minimum 

strenqth, of course, depends on the particular features of the 

system, e.q., the kind of modulation and the type of receiver. In 

order to insure that the established connection may continue on an 

intended radio channel between a mo~ile station and an intended 

base station, the handoff procedure includes measurements of the 

parameters of the radio signals at the intended base station 

and/or at the mobile station. 
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The first cellular mobile radio systems placed in public use were 

analog systems tyPically used for speech or other types of analog 

information. These systems include multiple radio cha~nels for 

transmitting analog information between bases and mobile stations 

by transmitting analog modul~ted radio signals. In general, the 

first cellular mobile radio systems had relatively large cells, 

and the signal measurements in the handoff process in such systems 

were performed by the base station. One such system is the Nordic 

Mobile Telephone system NMT-450. Another known cellular mobile 

radio system is the AMPS Mobile Radio System in the United States. 

The general description of a mobiie cellular radio system can be 

found in a publication entitled "CMS 88 Cellular Mobile Telephone 

System" published by Ericsson Telecom AB, 1988. 

currently, channel access is achieved using Frequency Division 

Multiple Access (FDMA) and Time .Division Multiple Access (TOMA) . . 
methods. As illustrated in Fig. l(a), in FDMA, a communication 

channel is a single radio ·frequency band into which a signal's 

(Sl, S2) transmis~ion pow~r· is concentrated. ~nterference with 

adjacent channels is limited by·the use of band pass filters which 

only pass signal energy within the specified frequency band. 

Thus, with each channel being assigned a· different frequency, 

system capacity is limited by the available frequencies as well as 

by limitations imposed by channel reuse. 

In TOMA systems, as illustrated in Fig. l(b), a channel consists 

of a time slot in a periodic train of time intervals over the same 

frequency. Each period of time slots is called a frame. A given 

signal's (Sl, S2, SJ, S4, SS) energy is confined to one of these 

time slots. Adjacent channel interference is limited by the use 

of a time gate or other synchronization element that possess 

signal energy received at the proper time. Thus, the problem of 

interference fr~m different relative signal strength levels is 

reduced. 

Capacity in a TOMA system is i~creased by compressing the trans­

mission signal into a shorter time slot. As a result, the 

.. 
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inform~tion must be transmitted at a correspondinqly faster burst 

rate which increases the amount·. of occupied spectrum propor­

tionally. 

With FDMA or TOMA systems or hybrid FDMA/TDMA systems, the qoal is 

to insure that two potentially interferinq siqnals do not occupy 

the same frequency at the same time. 

In contrast, Code Division Multiple Access (CDMA) allows siqnals . . . 

to overlap in both time and frequency, as iliustrated in Fig. 

l(c). Thus, all CDMA siqnals share the same frequency spectrum. 

In either the frequency or the time domain, the'multiple access 

signals (Sl, S2, S3, S4) appear to be on top of each other. In 

principle, the informational data stream to be transmitted is 

impressed upon a much higher bit-rate data stream qenerated by a 

pseudo-random code gener~tor. The informational data stream and . . 

the hiqh bit-rate data stream are combined by multiplying the two 

bit streams toqether. This combination of the h°igher bit-rate 

signal with the lower bit-rate data stream is: ~alled coding or 

spreadinq the informational data stream signal. Each informa­

tional data stream or channel is allocated a unique spreading 

code. A plurality of coded information siqnals are transmitted on 

radio frequency carrier waves and jointly received as a composite 

signal at a receiver. Each of the coded siqnals overlaps all of 

the other cocjed si~als, as well as noise related slguals, in both 

frequency and time~ By correlating the composite siqnal with one 

of the unique cod~s, the correspondinq information slqnal is 

isolated and decoded. 

In an attempt to·_ give cellular systems more capacity, voice 

channels may be added to a cell in the existing radio frequency 

band (primary frequency band) or added to the cell in a new radio 

frequency band (extended frequency band). In the EIA/TIA IS-54 

standard, the extended frequency band may be located at frequen­

cies located above and/or below the frequencies contained in the 

primary frequency band. In one embodiment of the present inven­

tion, one or more of the base stations in the communication system 
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may contain channels in both the.primary frequency band and the 

extended frequency band·. 

In some cellular mobile systems, several different groups of 

channels are simultaneously· available. As a result, there are 

three kinds of mobile stations which may be operating in the 

communication system. The first kind of mobile station is capable 

of using only a first group of channels. A second kind of mobile 

station is capable of using only~ second group of channels. A 

third kind of mobile station is capable of using either the first 

or second group of channels. 

SUMMARY OF THE INVENTION 

The present invention overcomes the shortcomings of the prior art 

by dynamically setting up· calls and/or changing the channel 

allocation of multi- mode cellular mobile stations using handoff 

to balance the Grade of Service (G.o.s.) which is also called the 

blocking rate experienced by the different mobile stations. The 

present invention determines the capacity of at least two types of 

channels -whenever a new call has to be set up. If there is .a 

sbortaqe of channels, the system then allocates the new call to 

··· the type of channel in lesser demand if the new call is for a 

multi-mode mobile, or it bands otf multi-mode mobile stations from 
. . 

a first qroup of channels to a second qroup of. channels or vice­

versa to create free channels for calls from single mode •obiles 

of the type for which there is a shortaqe of channels. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantaqes of the invention will become apparent 

from reading the following detailed description in conjunction 

with the drawings, in which: 

Figures 1(a)-l(c) are plots of channels using different multiple 

access techniques; 
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Figure 2 illustrates a portion of a cellula·r mobile radio system 
having cells, a mobile switching center, base stations and mobile 
stations1 
Figure 3 illustrates a flow chart of a subroutine of an initial 
call set-up utilized by a computer in accordance with one em­
bodiment of the present invention: 
Figures 4 and 5 illustrate a flow chart of subroutines for handoff 
utilized by a computer in accordance with the present invention. 

DETAILED DESCRIPTION 

Figure 2 iilustrates ten cells, Cl-ClO, in a cellular mobile radio 
system. Normally a cellular mobile radio system according to the 
present invention would be implemented with more than te~ cells. 
However, for the purposes of simplicity, the present invention can 
be explained using the si~plif ied representation illustrated in 
Figure 2. For each cell, Cl-'ClO, there is a base station, a1.:.a10, 
with the same reference -number as the corresponding cell. Figure· . . 
2 illustrates the base stations as situated in the vicinity of the 
cell center a~d having omnidii:'!!ctional antenna. The cells,· c1-
c10, are, therefore, ~chematically represented as hexagons.. The 
base station of adjacent cells may, however, -be co-located in.the 
vicinity of cell borders and have directional antennas as is well 
.kn0wn to those skilled in the art. . . . . . . 

Figure 2 also illu_strates nine mobile stations, M1-M9, movable 
within each cell and. from one cell to another. In . a typical . . 
cellular radio system, there would normally be more than nine 
cellular mobile stations. In fact, there are typically many times 
the number of mobile stations as there are base stations. 
However, for the purpose of explaining the invention, the reduced 
number of mobile stations is sufficient. 

Also illustrated in Figure 2 ls a mobile services switching center 
MSC. The mobile services switching center Msc· illustrated in 
Figure 2 is connected to all ten base stations, Bl-BlO, by cables. 
The mobile services switching center MSC is also connected by 
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cables to a fixed public switchinq telephone network or a similar 
fixed network. All cables of the m~bile services switchinq center 
MSC to be base station Bl-BlO and cables to the fixed network are 
not illustrated. 

In addition to the mobile services switchinq center MSC 
illustrated, there may be another mobile services switching center 
MSC connected by cables to base stations other than those il­
lustrated in Figure· 2. Instead of cables, other means, for 

. . 
example, fixed radio links may be used for connecting base 
stations Bl-BlO, to the mobile services switchinq center MSC. The 
mobile services switching center MSC, the base stations Bl-BlO, 
and the mobile switchinq stations Ml-M9, are all computer 
controlled. 

The cellular mobile .radio system illustrate.d in Fiqure 2 includes 
a plurality of radio channeis for communication. In all of the 
embodiments of the.present invention, the cellular mobile radio 
system contains at leas~ two types of radio channels. In one 

'· embodiment of ~he present invention, the communication system 
contains both analog and digital (TOMA or CDMA) radio channels 
which are simultaneously available. In another embodimen~ of ~he 
present invention, the communication system can have channels in 
a primary frequency band and additional channels in an extended 
frequency band. The extended frequency band can be located at 
frequencies abov~ and/or below the frequencies of the primary 
frequency band. In another embodiment of the present invention, 
the communications system may simultaneously provide groups of 
TOMA channels and groups of CDMA channels. 

In one embodiment of the present invention, when an analoq mobile 
station accesses the cellular mobile system, the analog mobile 
~tation is assigned an analog channel. Likewise, a digital mc~ile: 
station is assigned a digital channel when the digital mobile 
station accesses the communication system •. However, when a multi­
mode mobile station accesses the mobile system, the multi-mode 
mobile station is not automatically assigned to either an analog 
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or digital channel. The communication system first determines the 

relationship between available analog and digital channels. As a 

result, ~he system will assign the multi-mode mobile station to an 

analog channel or a digital channel depending upon which group of 

channels has more available channels. However, this selection of 

channels may be limited to the case when the number of available 

channels in either group is below a predefined threshold. 

Referring to Figure 3, there is shown a flow diagram illustrating 
. •· 

the steps executed by the communication system to implement an 

initial call set-up in one embodiment of the present invention. 

The system first determines wheth~r the r~questlng or requested 

mobile station is a multi-mode mobile station in step 300. If the 

mobile station is not a multi-mode mobile station, the system 

determines whether there is an available channel in the group of 

channels the mobile· st~t~on, uses in step 301. If a channel is 

availabl~, the mobile station, in step 302, is assigned to an 

available channel in the mode of.the mobile, otherwise the flow 

continues in Figures. However, if the mobile station is a multi­

mode mobile station, the system·determines the available capacity 

o~ a first· group of channtals in step 304. In step 306, the system 

determines the available capacity of a second group of channels. 

The system . then determines whe~er the number of availal:»le 

channels in either group is below a threshold value, for example, 

three ·available channels, in step 307. If the number of available 

channels in both groups exceeds the threshold value, the.mobile 

station.is assign~d to a channel in either group of channels in 

step 309. However, if the number of available channels in either 

group of channels is below the threshold value, the system then 

compares the available capacity of the first group of channels 

with the available capacity of the second group of channels, in 

step 308, to determine which group of channels has the most 
. . 

available capacity. The multi-mode =tobile: station is then 

assigned to a channel from the group of channels with the most 

available capacity in steps 310 and 312. The threshold value can 

be set at various levels depending upon the desired characteris­

tics of the communication system. In this embodiment, the 



8 

· REPLACEMENT Slf:EEi1 
i 

19.APR W'fJJJ 

------..... --
threshold value is three available channels. In all embodiments 
of the present invention, the channel can be selected from the 
selected group either at random or by selecting the channel which 
has the least amount of interference. 

Referring now to Figure 4, there is shown a flow diagram il­
lustrating the steps executed by the communication system to 
implement the continuation of the fiow diagram of Fig. 3 after 
step 302~ The system first de-t:-ermines whether a handoff is 
desirable in step 400. In this embodiment, a handoff is desirable 
when a call setup for a sinqle mode mobile station has been made 
and the number of available channels left in the group of re­
quested channels are below a threshold value. The threshold value 
can be set at various levels depending upon the desired charac­
teristics of the col_Dlllunication system. In this embodiment, t~e 
threshold value is three available channels. If a handoff is not 
desirable, i.e., the number of available channels of the requested 
·type is above the threshold value, no further action is taken. 

However, if it is determined in step 400 that a hand.off is 
desirable, .the system scans the mobile stations in the group of 
used channels in step 404 to determine if there are any multi-mode 

' ' 

mobile stations presently operating in the used qroup of channels. 
If the- system determines in step 406 that a multi-mode mobile 
station is not o~rating in the requested qroup of channels, no 
further action is taken. If the system determines in step 406 that 
a multi-mode mobile station is operating in the used qroup of 
channels the system determines whether the number of available 
channels of the second group of channels is above the threshold 
value in step 408. If it is determined in step 410 that the number 
of available channels in the second group of channels is not above· 
the threshold value, a handof f is not made. However, if the number 
of available channels is above the threshold value, the multi-mode 
mobile station ii handed off in a conventional manner to an 
available channel in the second group of channels in step 412. 
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An example of the above embodiment is described hereinafter. In 

this example, a base station contains both analog and digital 

channels. If a digital mobile station has been setup on a digital 

channel, the system first determines whether the number of 

available digital channels is still above the threshold value. If 

the number of available digital channels is below the threshold 

value, the system scans the mobile stations presently operating on 

the digital channels to determine if a multi-mode mobile··station 

is operating on a digit~l ch~nnel. If a multi-mode mobile station 

is detected, the system determines whether the number of available 

analog channels is above the threshold value. If the number of 

available analog channels is above the threshold value, the multi­

mode mobile station is handed off from a digital channel to an 

analog channel. 

Referring to Figure_ 5, th~re is shown a flow diagram illustrating 

the steps executed by the system after it is determined in step 3 01 

that there is not an available channel in the'· group of channels 

used. by the i;dngle mode mobile station. The system first scans the 

mobile stations in the group of used channels in step 500 to 

determine if there are any multi-mode mob~le stations presently 

operating in the used group of c!).annels. If the system determines 

in step 502 that a multi-mode mobile station is not operating in 

the used group of channels then no further action is taken. 

However, if the system determines that a multi-mode mobile station 

is presently operating in the used group of channels, the system 

determines whether a channel is available in-the second group of 

channels in step 504. If it is determined in step 506 that a 

channel is not available, no further action is taken. However, if 

it is determined that a channel is available, the multi-111:ode 

mobile station is hanqed off to the available channel in the 

second group of channels in step 508. The system then sets up the 

ca.i3. of the single mode mobile stat:..on on a channel from the grc~p 

of channels in which the mobile station operates in step 510. 
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While the invention has been desc+ibed in its preferred embodi­
ments, it is to be understood that.the words that have been used 
are words of description rather than of limitation and the chanqes 
within the purview of the appended claims may be made without 
departinq from the true scope and spirit of the invention in its 
broader aspects. 
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WE CLAIM: 

1. A method for initiating a call set-up for a mobile station in 

a cellular communication system which contains two or more groups 

of channels comprising the steps of: 
(a) detecting whether the mobile station is a multi­

mode mobile station which is capable of operating on different 

groups of channels: 
(b) determi~ing ~he available capacity of each of the 

groups of channels in a base stati,on: .. 
(c) determining which group of channels has more 

available capacity: 
(d) setting up the detected multi-mode mobile station 

on a channel in th~ group of channels with the most available 

capacity. 

2. A method for initiating a call set-up according to claim l, 

wherein said multi-mode mobile_ station is set-up on a channel in 

the group of channels with the most available capacity only if 

ther~ is a ~hortage of capacity where the available capacity of 

any of the channel groups is below a threshold value. 

3. A method for initiating a call set-up according to claim 2, 

wherein said threshold.value is three available channels. 

4. A method for initiating a call set-up according to claim l, 

wherein said multi-mode mobile station is set.:.up on a channel with 

the least amount of interference. 

5. A method for initiating a call set-up according to claim 2, 

wherein said multi-mode mobile station is set-up on a channel with 
the least amount of interference. 

6. A method for initiating a call set-up according to claim 1, 

wherein a first group of channels are analog channels and a second 

group of channels are digital channels. 
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1. A method for initiating a call set-up according to claim l, 
wherein a first group of channels are channels in a primary 
frequency band and a second group of channels are channels in an 
extended frequency band. 

a. A method for initiating a call set-up according to claim l, 
wherein a first group of ch~nnels are channels in a TOMA system and 
a second group of channels are channels in a CDMA system. 

9. A method for allocating traffic channel1;> in a cellular . . . 
communication system which contains two or more groups of 
channels, comprising the steps of: 

(a) determining whether a handoff is desired; 
(b) determining the available capacity of each of the 

groups of channels in a base ~tation; 
(c) determining which group of channels has the least . 

available capacity~ 
(d) detecting whether a multi-mode mobile station is 

operating in the group of channels with the least available 
capacity~ 

(e) handing off the detected multi-mode mobile station 
to a channel in the group of channels with the most available 
capacity~ 

10. A method for allocating traffic channels in a cellular 
communication system according to claim 9, wherein the detected 
multi-mode mobile station is handed off to a channel in a group of 
channels within the base station. 

11. A method for allocating traffic channels in a . cellular 
communication system according to claim 9, wherein said step of 
determining whether a handof f is desirable is performed when a 
r 0 que£t. for a call set-up of a single mode mobile station has bee:: 
received and the number of available channels in the group 

required is zero. '·······'··-·· --·~--------. 
1 REPLACEMENT SHEET 
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12. A method for allocating traffic channels in a cellular 
communication system according to claim 9, wherein said step of 
determining.whether a handoff is desirable is performed when the 
number of available channels in· one of the groups of channels is 
below a threshold value. 

13. A method for allocating traffic channels in a cellular 
communication system according to claim 12, wherein said threshold 
value is three available c~annels. 

··• 

14. A method for allocating. traffic channels in a cellular 
communication system according to claim 9, wherein a first group 
of channel are analog channels and a second group of channels are 
digital channels. 

15. A method for allocating traffic channels in. a cellular 
communication system according to claim 9, wherein a first group 
of channels are channels in a p~imary frequency band and a second 
group of channels are channels in an extended frequency band. 

16. A method for allocating traffic channels in a cellular 
communication system according to claim 9, wherein a first group 
of channels are channels in a TOMA system and a second group of 
channels are channels in a COMA system. 

17. A method for allocating traffic channels in a cellular , 
communication system according to claim 9,·wherein the detected 
mobile station is handed off to a channel with the least amount of 
interference. 

18. A method for allocating traffic chann~ls in a cellular 
communication system according to claim 9, wherein the detected 
mobile station is handed off to a randomly sc!.ected channel in the 
group.of channels with the most available capacity. 


