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ANALOG RETRY

BACKGROUND OF THE INVENTION

The present invention jis directed to a method and
apparatus for controlling traffic in a cellular radio com-
5 munications network in such a manner as to reduce disturbance
in the network, and more particularly to a method and ap-
paratus for controlling traffic in a cellular system including

both TDMA and FDMA traffic channels.
Originally, cellular radioc communication networks
10 were analog systems, transmitting speech on analog traffic
channels using frequency division multiple access (FDMA)
techniques. Upon the advent of the application of digital
technology to cellular communications, digital systems were
designed to cooperate with the existing analog systems to form
15 dual-mode systems. Such dual-mode systems were capable of
' communicating on analog and/or digital traffic channels.
Digital channels normally use time division multiple access
(TDMA) techniques. Hand-off cperations for such dual-mode
i systems can not be selected to the same as any handoff process
20 for any digital system. One handoff technique for dual-mode
systenms is described in U.S. Patent No. 5,042,082, assigned to
the same assignee, which is hereby incorporated by reference

- in its entirety.

. According to American digital cellular standards,
25 as set forth in EIA/TIA IS-54, Rev. A, congestion in a cell
may lead to the issuance of a directed retry order. That is,
mobile stations experiencing congestion when accessing a
particular cell mayv be ordered by the land system to try and
access one of a number of possible neighbor cells specified in
30 a particular order. Thus, the mobile station involved may be
assigned any idle traffic channels available in a neighbor
cell. However, this entails extra interference or reception
disturbances in the network. These disturbances are the
result of at least two factors: first, the mobile station is
35 assigned a traffic channel from a relatively distant base
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the mobile station sends its communication on the traffic
channel with a relatively high power level. Both of these
factors negatively influence signal to noise ratios (C/I) in

5 the network. This is particularly true if the traffic channel
assigned is a digital channel, because the frequency spectrum
of a digital TDMA channel is approximately the same regardless
of whether or not the subscriber is talking, whereas the
frequency spectrum of analog traffic channels consists of the

10 carrier only during silence periods and of wider spectrum only

when speech modulates the carrier.

Congestion in a cell may also be solved by handing
off calls in progress to neighboring cells which have a lower
traffic load. One example of a load sharing method is

15 disclosed in U.S. Patent No. 5,241,685 and assigned to the
same assignee. An example of another load balancing method is
described in U.S. Patent No. 4,670,899 to Brody et al.
According to the Brody et al. patent, a voice channel occupan-
cy level is computed periodically using the channel utiliza-

20 tion of each cell. Calls from cells with higher voice channel
occupancy levels are handed off to adjacent cells with lower
voice channel occupancy levels. Depending on the voice
channel occupancy levels of the cell, the cell enters one of
four states. In one state, complete cell blockage is preven-~-

25 ted by directing cells to hand off calls to adjacent cells.
In another, voice channels are preserved for incoming handoffs
by denying access to mobile stations initiating new calls.
The other two states are either a c¢ombination of the first
two, or a normal state in which all calls are handled normal-

30 1ly. Another such system is described in U.S. Patent No.
4,435,840 to Kojima et al. In these types of systems,
however, C/I in the network may also be negatively affected by

_the load balancing operation, particularly in cases where the
traffic channel assigned in the target cell is a digital TDMA

35 channel.
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Ancother type of system used to reduce blockages
occurring during hand-off in a mobile cellular system is
disclosed in U.S. Patent No. 5,081,671 to Raith et al.,
assigned to the same assignee, and hereby incorporated by

5 reference. According to the patented method, a small number
of rescue channels in an n-cell cluster are reserved for use
to satisfy hand~-off requests in an m-cell clust'er, where n is
greater than m. This patent does not differentiate between
analog and digital channels, and so does not address the

10 advantages to be gained from reserving analog traffic channels
for hand-off.

If a mobile station is within a cell having a large
coverage area, but at the periphery of that cell, then the
sending power of the mobile station will be relatively high.

15 If the mobile station in gquestion sends its communication on
a digital traffic channel, the disturbance to the network will
be worse than if it sends on an analog channel, due to the
above described frequency spectrum difference between analog
and digital traffic channels.

20 SUMMARY OF THE INVENTION
According to the present invention, the adjacent
channel disturbance problems within a cellular network may be
reduced by assigning preferably analog traffic channels to
mobile stations capable of using analog or analog and digital
25 traffic channels based on a predetermined criteria based on
power. One criteria is satisfied when the sending power
required is above a threshold Ll. A second criteria is
satisfied when the mobile station is accessing a base station
due to a directed retry order. When a directed retry order is
30 sent, the mobile necessarily must transmit at a higher power
level in order to successfully transmit to the new base
station.
The above described disturbance problems may also
be reduced by preferably handing off mobile stations capable .
35 of using analog or analog and digital traffic channels from
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have a | OV\Brcells and assigning preferably analog traffic channels in the
target cells.

The above described disturbance problems may also

5 be reduced by preferably allowing analog traffic channels to
be used at the periphery of a cell. This may be achieved, for
example, by making an intra-cell handeff to an analog channel
when the power level required for sending from a mobile
station passes over a threshold. Conversely, mobile stations

10 using analog traffic channels may be handed off to a digital
traffic channel when the power level required for sending in
the mobile station passes under a threshold.

According to one embodiment of the present inven-
tion, in a cellular mobile system having both analog and

15 digital traffic channels, and including a plurality of cells
and a plurality of mobile stations capable of using analog
traffic channels or analog and digital traffic channels, a
method is provided of reducing disturbance of communications
within the system comprising assigning traffic channels for

20 mobile stations based on predetermined criteria based on
power.

In one embodiment of the present invention, in a
cellular mobile system having both analog and digital traffic
channels and including a land system serving a plurality of

25 cells and a plurality of mobile stations capable of using
analog traffic channels or analog and digital traffic chan-
nels, a method is provided of reducing disturbance of com-
munications within the system including the steps of detecting
a requirement for changing the power level of a mobile

30 station, co:gparing the required power level to at least one
threshold for determining intra-cell handoff, and sending an
intra-cell handoff order to the mobile station when the
detected power level passes the at least one threshold.

In one embodiment of the present invention, in a

35 cellular mobile system having both analog and digital traffic
channels and including a land system serving a plurality of
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traffic load. One exanple of a Ioa'ghetHaSBe |s di sclosed in U.S.
Patent No. 5,241,685 and assigned to ne An exanpl e of
anot her | oad bal ancing nethod is des Patent No. 4,670,899 to

Brody et al. According to the Brody et aI. patent, a voi ce channel occupan-
cy |evel wopegpiggeit ed periodically using the channel utiliza- gh9seRfor&@ch

cell. Calls fromcells with higher voice channel occupancy |evels are
handed off to adjacent cells with | ower vadce channel occupancy | evels.
Dependi ng on the voi ce channel occupancy |levels of the cell, the cell

enters one of four states. In one state, conplete cell blockage is preven-
ted by directing cells to hand of f calls to adjacent cells. In another,

voi ce channecelase andeserpbura Ditiynedingpilndetitions capable of using
analog traffic channels or analog and digital traffic chan-
nels, a method is provided of reducing disturbance of com-
munications within the system comprising the step of diverting
5 communications traffic to analog traffic channels of neigh-
boring cells from cells experiencing relatively heavy traffic

load if one is available.

In one embodiment of the present invention, in a
cellular mobile system having both analog and digital traffic

10 channels and including a land system serving a plurality of
cells and a plurality of mobile stations capable of using
analog traffic channels or analog and digital traffic chan-
nels, a method is provided of reducing disturbance of com-
munications within the system comprising the steps of in the

15 land system, sending a directed retry order toc a mobile
station, which order identifies at least one target cell, in
the mobile station, accessing one of the target cells iden-
tified in the received directed retry order, and in the
accessed target cell, assigning to the accessing mobile

20 station an analog traffic channel in preference over a digital
traffic channel.

In one embodiment of the present invention, in a
cellular mobile system having both analog and digital traffic
channels and including a land system serving a plurality of

25 cells and a plurality of mobile stations capable of using
analog traffic channels or analog and digital traffic chan-
nels, a method is provided of reducing disturbance of com-
munications within the systém comprising the steps of, in the
land system, detecting a need to divert communications traffic

30 from an overloaded cell to & neighbor cell, sending a handoff

' order toc a mobile station capable of using at least analog
traffic channels to handoff to a target cell, in the mobile
station, tuning to the channel of the target cell identified
in the handoff order, and in the target cell, assigning the
35 analog traffic channel to the mobile station.
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In one embodiment of the present invention, in a
cellular mobile system having analog and digital traffic
channels and including a plurality of base stations and a
plurality of mobile stations, at least one of the mobile

5 stations being capable of using analog traffic channels and
digital traffic channels, an apparatus for reducing distur-
bance in the system comprising means for determining the power
level required to transmit communication signals from mobile
stations to the base station, and means for assigning traffic

10 channels tc the mobile stations based on a predetermined
criteria based on power.

still other objects, features and attendant
advantages of the present invention will become apparent to
those skilled in the art from a reading of the following

15 detailed description of the embodiments constructed in
accordance therewith, taken in conjunction with the accom-

panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention of the present application will now
20 be described in more detail with reference to the preferred
embodiments of the device, given only by way of example, and
with reference to the accompanying drawings, in which:

Fig. 1 illustrates part of a cellular telephone

system with cells, a mobile switching center, base stations,
25 and mobile stations:

Fig. 2 is a block diagram of part of a cellular
mobile radiotelephone system that may be used to implement the
present invention;

Figs. 3(a) and 3(b) together constitute a block

30 diagram of a dual-mode mobile station having both analog and
digital control channel capabilities that may be used in
accordance with the present invention;

Fig. 4 is a flow chart of a method carried out in

the land system according to an embodiment of the present
35 invention:
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tion;

Fig. 6 is a flow chart of a method carried out
5 within a cell according to an embodiment of the present

invention;
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention involves controlling traffic in a
dual-mode cellular telephone network.

io Fig. 1 illustrates ten cells C1 to €10 in a cellular
mobile radio system. In actual practice, the method and means
according to the present invention are implemented in a
cellular mobile radio system comprising many more cells than
ten. However, for the purpose ©f explaining the present

15 invention, ten cells is deemed to be sufficient.

For each of these cells C1l through C10 there is a
base station Bl through B10, respectively, with the same
number as the cell. Fig. 1 illustrates base stations situated
in the vicinity of the center of the cell and having om-

20 ni-directional antennas. The base stations of adjacent cells
may, however be allocated in the vicinity of cell borders and
have directional antennas as is well known to those of
ordinary skill in the art. In a known manner, each of the base
stations have assigned to them a plurality of traffic chan-

25 nels. In a dual-mode system, some of these traffic channels
are digital and some are analog.

Fig. 1 also illustrates ten mobile stations Ml
through M10 which are movable within a cell and from one cell

‘ to another cell. 1In actual practice, the method and means
30 according to the present invention are implemented in a
cellular mobile radio system comprising many more mcbile

stations than ten. In particular, there are usually many more

mobile stations than there are base stations. However, for
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station in question sends its C(l){higlgréf’}elJ'aISBpeﬁRe ch& di gi %/al '?rafflc channel ,
the disturbance to the network wi{|ilil | an if it sends on an anal og
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the present invention, the adjacent channel disturbance problens within a
cel lular network may be reduced by assigring preferably analog traffic
channel s to nobile stations capable of using analog or anal og and digital
traffic channels based on a predeterm ned criteria based on power. One

criteria is satisfied when the sendi ng power
the purpose of explaining e present invention, the use of

ten mobile stations is deemed to be sufficient.

The system of Fig. 1 also includes a mobile swit-
ching center MSC. The mobile switching center is connected to

.5 all ten illustrated base stations by cables. The mobile
switching center is also connected, by cables, to a fixed
public switching telephone network or similar fixed network
with ISDN facilities. All cables from the mobile switching
center to the base stations and cables to the fixed network

10 are not illustrated.

In addition to the mobile switching center il-
lustrated, there may aisq be another mcbile switching center
connected by cables to other base stations than those il-
lustrated in Fig. 1. Instead of cables, other means may be

15 utilized for base to mobile station switching center com-
munication, e.g. fixed radio links. In some systems, there
may also be base station controllers, each connected between
a mobile switching center and one or more of the base sta-
tions.

20 The cellular mobile radio system illustrated in
Fig. 1 comprises a plurality of radio channels for com-
munication. The system is designed both for analog infor-
mation, e.g. speech, digitized analog information, digitized
speech, and pure digital information. According to the

25 system, the term connection is used for a communication
channel established between a mobile station and another
mobile station in the same system or another system, or a
fixed telephone or terminal in a fixed network connected to
the cellular mobile radio system. Thus, a connection may be

30 defined as a call where two persons are able to talk to each
other, but also may refer to a data communication channel
where computers are exchanging data. Furthermore, a com-
" munications channel, or simply a channel, is defined as a
particular signalling path between a mobile and a base

35 station. A channel may include, but is not limited to, a
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specific frequency in a FDMA system, a specific ti}ne slot or
set of time slots in TDMA, and a specific coding in CDMA.
Fig. 2 is a block diagram illustrating part of the hardware in
which the present invention may be implemented. The deter-
5 minations of congestion in a cell are made by the mobile
switching center MSC 21 serving that cell. The mohile
switching center MSC 21 includes a central processor CP and a
main memory. Measurements of signal strength during service
requests are performed by the control unit CU 23 of the
10 control channel CCH 25 of the cell's base station BS 27. The
control unit CU 23 controls a radio transmitter TX 29 and a
radio receiver RX 31, the three units together realizing a
radio channel. In addition to the control channel CCH 25, a
number of voice channels VC, to VC, are also pravided.
15 Communications on the voice channels are multiplexed directly
to and from the switching center MSC 21 through a multiplexer
MUX 33. Communications between the control channel CCH 25 and
the switching center MSC 21 are formatted by a digital
interface Di/F 35. The switching center MSC 21 is connected
20 to the ‘pnblic telephone switching network PTSN 37.

Referring now to Figs. 3(a) and 3(b}, one embpdimént
of a multi-mode mobile station for use in a cellular telephone
system that operates in accordance with the present invention
is illustrated. With respect to digital traffic communica-

25 tions, i.e., where digitized voice information is transmitted
between base and mobile stations, the gperation of the system
is explained in the context of full-rate transmissions, in
which each packet of digital information is interleaved
between two spaced time slots in a frame of data. It will be

30 readily appreciated, however, that the invention is equally
applicable to other types of cellular radio systems, such as
those in which information is transmitted digitally at half
rate.

In the digital part of the multi-mode mobile station

35 depicted in Fig. 3(a), speech signals from a microphone 100
are received at an analog~digital mode switch 90 which is con-
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achi evoNO MP0 anpl e, by naking an intra-cell handoff to FCEHMI¥Y%hannel
when the power |evel required for sending froma nobile station passes over
a threshol d. Conversely, nobile stati oné%usi ng anal og traffic channels may
be handed off to a digital traffic channel when the power |evel required
for sending in the nobile station passes under a threshold. According to

one embodi nt:.%%tlloc-;d tbg'ea%r %%%guti g\i%%al from a microprocessor controller
130. Depending upon the mode of the mobile station, the
microprocessor controller 130 directs the mode switch 90 to

connect the microphone output signals to a speech coder 101

5 for a mobile station operating in a digital mode (digital
traffic channel) or to a voice processing unit 101A for a

mebile station operating in an analog mode (analog traffic

channel). _
In the digital mode, the speech coder 101 converts

10 the analog signal from the microphone 100 into a binary data
stream. The data stream is divided into data packages,
according to the time division, multiple access (TDMA)
principle. A fast associated control channel (FACCH) gene-
rator 102 generates control and -supervision signalling

15 messages that are transmitted from the mobile station to the
land-based station. The FACCH message replaces a user frame
of speech or data whenever it is to be transmitted. A slow
associated control channel (SACCH} generator 103 provides
signalling messages that are transmitted over a continuocus

20 channel for exchange of information between the base station
and the mobile station and vice versa. A fixed number of
bits, e.g., twelve, is allocated to the SACCH for each time
slot of a message stream. The channel coders 104 ares con-
nected to the speech coder 101, FACCH generator 102 and SACCH

25 generator 103 for manipulating the incoming data in order to
carry out error detection and correctich; The techniques used
by the channel coders are preferably convolutional encoding,
which protects important data bits in the speech code, and
cyclic redundancy check (CRC), wherein the significant bits

30 in the speech coder frame, e.g., twelve bits, are used for
computing a 7-bit check.

A two-burst interleaver 106 is coupled to the
channel coders 104. The two-burst interleaver 106 is con-
trolled by the microprocessor controller 130 so that, at

35 appropriate times, user information over a particular speech
channel is replaced with system supervision messages over the
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interleaved over two distinct time slots. A packet of 260

data bits that constitute one transmitting word, are divided

into two equal parts and are allotted to two different time

5 slots. The effects of Rayleigh fading will be reduced in this

manner. The output of the two-burst interleaver 106 is

provided to the input of a modulo-two-adder 107 so that the

transmitted data is ciphered bit~by-bit by logical modulo-
two~addition of a pseudo-random bit strean.

10 The ocutput of the .channel coder 104 associated with
the SACCH generator 103 is connected to a 22-burst interleaver
108. The 22-burst interleaver 1028 interleaves data trans-
mitted over the SACCH over 22 time slots, each burst of SACCH
data ceonsisting of 12 bits of information.

15 The mobile station further includes a Sync Word -
DVCC generator 109 for providing the appropriate synchroni-
zation word {Sync Word) and DVCC (digital verification color
code) which are to be associated with a particular connection.
The Sync Word is a 28 bit word used for time slot synchroni-

: 20 zation and identification. The DVCC is an 8-bit code sent by
the base station to the mobile station and vice-versa for
assuring that the proper channel is being decoded.

A burst generator 110 generates message bursts for
transmission by the mobile station. The burst generator 110

25 1is connected to the outputs of the modulo-two-adder 107, the
22-burst interleaver 108, the Sync Word/DVCC generator 109,
an equalizer 114, and a control channel message generator 132,
to integrate the various pieces of information from these
respective units into a single bit stream. For example,

30 according to the published U.S. standard EIA/TIA IS-54, Rev.
A, a message burst comprises data (260 bits), SACCH (12 bits),
Sync Word (28 bits), coded DVCC {12 bits), and 12 delimiter
bits, combined for a total of 324 bits. Under the control of
the microprocessor 130, two different types of message bursts

35 are generated by the burst generator 110: control channel



Wi thin the systemincluding the st Hﬁ a requirenent for

nels, a nethod is provided of r ednid gk dh SfUr pance of com  muni cations
changi ng the power |evel of a nDbl nparlng t he reqU|red power

|l evel to vwb dspdado one threshold fo intra-cell }§1£93dﬁ
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power |evel passes the at |east one thresRgld. In one enbodi ment of the
present invention, in a cellular nobile system having both anal og and
digital traffic channel s and i ncl udi ng a land systemserving a plurality of

message bursts from the control channel message generator' 132
and voice/traffic maésage bursts.
The control channel message generator 132 generates
digital control messages for transmission over a digital
5 control channel. Digital control channel messages are
received by the control channel message detector 133. Only
the multi-mode mobile stations have this capability toutilize
digital control channels. It should be noted that Pigs. 3(a)
and 3(b) also show the essential hardware blocks for a
10 dual-mode mobile station. Dual-mode mobile stations,
however, do not use digital control channels and therefore do
not have the control channel message generator 132 and
detector 133 and the associated software in the microprocessor
controller 130. Unlike the control messages sent over the
15 FACCH, which replace traffic bursts on the traffic channels,
the control message bursts generated by the control channel
message generator 132 are transmitted over a digital control
channel and do not replace any traffic bursts.
The transmission of a burst, equivalent to one time
20 slot, is synchronized with the transmission of other time
slots, which together make up a frame of information. For
example, under the mentioned U.S. standard, a frame may
comprise three full-rate transmission time slots. The
transmission of each burst is adjusted according to timing
25 control provided by the equalizer 114. Due to time disper-
sion, an adaptive equalization methad is provided in order to
improve signal gquality. For further information regarding
adaptive equalization techniques, reference is made to U.S.
Patent No. 5,088,108 and assigned to the same assignee. The
30 text of this patent is incorporated herein by reference.
Briefly, the base station functions as the master and the
mobile station is the slave with respect te frame timing. The
equalizer 114 detects the timing of an incoming bit stream
from the base station and synchronizes the burst generator
35 110. The equalizer 114 also checks the Sync Word and DVCC for
identification purposes.
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digital traffic chan- nels, a nethod isg)rovi ded of reducing di sturbance of
com The burst generator 110 is coupled to a frame

counter 111 and to the equalizer 114. The frame counter 111
updates a ciphering code utilized by the mobile station for
each transmitted frame, e.g. once every 20 ms. A ciphering
5 unit 112 is provided for generating the ciphering code
utilized by the mobile station. A pseudo random algorithm is
preferably utilized. The ciphering unit 112 is controlled by
a key 113 which is unique for each subscriber. The ciphering
unit 112 consists of a sequencer which updates the ciphering
10 code.

In a digital mode, the burst produced by the burst
generator 110, is forwarded to an RF modulator 122 through an
analog/digital mode switch 96 that is controlled by the
microprocessor controller 130. The RF modulator 122 is

15 operable for moduiating a carrier frequency according to the
w/4-DQPSK method (w/4 shifted, Differentially encoded
Quadrature Phase Shift Keying). The use of this technique
implies that the information is differentially encodeqd, i.e.,
2-bit symbols are transmitted as four possible changes in

20 phase; + 7/4 and + 3x/4. The transmitter carrier frequency
supplied to the RF modulator 122 is generated by a transmit-
ting frequency synthesizer 124 in accordance with the selected
transmitting channel. The modulated carrier is transmitted

~via an antenna 99 through a duplex filter 140. The duplex

25 filter 140 is used for simultaneous transmission and reception
via the same antenna 99 on the communications channel which is
né.cessary in analog mode. The carrier is amplified by a power
amplifier 123. The RF power emission level of the amplifier
is selected on command by a microprocessor controller 130.

3C A receiver carrier frequency signal is generated in accordance
with the selected receiving channel by receiving frequency
synthesizer 125. Incoming radioc frequency signals are
received by a receiver 126, and signal strength is measured by
a signal level meter 129. The received signal strength value

35 is sent to the microprocessor controller 130. An RF demcdula-

tor 127, which receives the receiver carrier frequency signal



nuni cations within the system corrp?ﬁiifi HystBeersitep&edof i N the land system

sending a directed retry order to a n, which order identifies
at | east one target cell, in the no ﬂaocessing one of the
target c | - tified in the received directed retry ord |t he
accessed%ké?&ggﬁgell, assigning to the accessing nobile stat?ﬁﬁﬁgﬁgghg?og
traffic channel in preference over a digiigl traffic channel. In one
enbodi ment of the present invention, in a“cellular nobile system having
bot h anal og and digital traffic channels and including a |and system
serving a plurality of cells and a plurality of nobile stations capabl e of

usi ng anal 0g ebaf e GRABURl NP EANRIERcRNGy Rt Rbetr 2R5I 8naN8Re radio

frequency signal from the receiver 126, demodulates the radio

frequency carrier signal, thus generating an intermediate

frequency. The intermediate frequency signal is demodulated

5 by an IF demodulator 128 to restore the original 7/4-DQPSK ~
modulated digital information.

The restored information provided by the IF
demodulator 128 is supplied to the equalizer 114. A symbol
detector 115 converts the received two-bit symbol format of

10 the digital data from the equalizer 114 to a single-bit data
stream. The symbol detector 115 in turn produces three
distinct output signals. First, control channel messages are
sent to a2 control message detector 133 which supplies detected
control channel information to the microprocessor controller

15 130. Second, any speech data/FACCH data is supplied to a
modulo-two adder 107 and a two-burst deinterleaver 116. The
speech data/FACCH data is reconstructed by assembling and
rearranging information from two time slots of the received
data. Third, the symbol detector 115 supplies SACCH data to

20 a 22-burst deinterleaver 117. The 22-burst deinterleaver 117
reassembles and rearranges the SACCH data over 22 consecutive
frames.

The two-burst deinterleaver 116 provides the speech
data/FACCH data to two channel decoders 118. The con-

25 volutionally encoded data is decoded using the reverse of the
above-mentioned coding principle. The received cyclic
redundancy check (CRC) bits are checked to determine if any
error has occurred. The two-burst deinterleaver 116 also
detects the distinction between the speech channel and any

30 FACCH information, and directs the decoders 118 accordingly.
A speech decoder 119 processes the received speech data from
the channel decoder 118 in accordance with a speech decoder
algorithm (e.g. VSELP) and generates the received speech
signal. The analog spee¢ch signal is enhanced using a conven-

35 tional filtering technique and input to an analog/digital mode
switch 92. Under the control of the microprocessor controller



nel s,‘ a nethod is provi ded of reghqc' ng.di sturbance of com nunications

w thin the system conprising the Beeg Rey | and system detecting a
need to divert conmunications trai rm, erl oaded cell to a nei ghbor
cell, sending a handoff -order to n capabl e of using at | east
anal og Vpaﬁ’g@‘%hannel s to handoff to a target cell, in themﬁ/@%ion,

tuning to the channel of the target cell identified in the handoff order,
and in the target cell, assigning the anBtog traffic channel to the nobile
station. I n one enbodi mrent of the present invention, in a

130, when the system is operating in a digital mode, the mode

switch 92 transmits the speech signal to a speaker 94.

Messages on the fast associated control channel are detected

by FACCH detector 120, and the information is transferred to
5 the microprocessor controller 130.

The output of the 22-burst deinterleaver 117 is
provided to a separate channel decoder 118. Messages on the
slow associated control channel are detected by SACCH detector
121, and that information is transferred tc the microprocessor

10 contreller 130.

The microprocessor controller 130 controls the
mobile station activity and the base station communication,
and also handles the terminal keyboard input and display
output 131. Decisions by the microprocessor controller 130

15 are made in accordance with received messages and measure-
ments. The keyboard and display unit 131 enable information
to be exchanged between the user and the base station.

In contrast to the multi-mode mobile station
operating in a digital mode as described above, a multi-mode

20 mobile station operating in an analog mode will now be
described in relation to Figs. 3(a) and 3(b). An analog
signal generated by a human voice is detected on the micro-
phone 100 and connected through the analog/digital mode switch
90 to a voice processing unit 101A. The voice processing unit

25 101A carries out a number of processing functions designed to
frequency modulate the carrier signal. These processing
stages include signal compression, preemphasis, deviation
limit filtering, and post-deviation limit filtering. As these
signal processing stages are well known in the cellular

30 telephone art, no further discussion of these stages is
necessary. A message generator 102A receives digital data
messages from the microprocessor controller 130 in con-
junction with signalling between the mobile station and the
base station. These messages are transmitted both on the

35 reverse control channel (RVCC) and the reverse voice channel
(RVC) from the mobile station to the base station. A 36-bit



cel lular nobile system having anal og and %‘éw fi\l‘ traffic channels and

including a plurality of base stﬁ*ﬂi? ?dality of nobile stations,
at | east one of the nobile statio;l H e of using analog traffic
i

channel s and digital traffic chan tus for reducing distur-
bance i nWOh4/13062 em conpri sing means for determning the povxEFr’g@?Ré?lms'
required to transmt communication signals fromnobile stations to the base
station, and neans for assigning trafficdhannels to the nobile stations
based on a predetermned criteria based on power. Still other objects,
features and attendant advantages of the present invention will becone

apparent to those skilleddibiNedtly £hehaslssd ihetaldle 102 2Y Bdacd
with a Bose-Chandhuri-Hocgenghem code (BCH) to facilitate .

error protection and correction. This code is used to correct

single-bit errors in the data stream. ‘Oonly the error pattern

§ of two or more errors will be detected. The error-correcting

code adds 12 bits to the 36-bit data word, thus increasing the

word length to 48 bits.

Each analog control channel message begins with a

bit-sync sequence, a word-sync sequence, and a coded digital

10 color code (CDCC). The CDCC is used to assure that the proper
control channel is decoded. Similar to the control channel
messages, the voice channel messages are also provided with a
bit-sync sequence and a word-sync sequence.

The signalling tone (ST) generator 104A is used for

15 signalling from the mobile station to the base station, e.g.
during call set up and release. Under the control of the

' microprocessor controller 130, the ST is generated as a
digital data message and sent as a tone on the reverse voice
channel (RVC). The supervisory audio tone (SAT) generator-

20 /detector 1053, 105B is used to ensure that the correct voice
channel is being detected. The SAT is transmitted continuous-
1y from the base station, detected by the SAT detector 105B in
the mobile station, and looped back from the SAT generator
1052 in the mobile station to the base station during voice

25 transmission. If the expected SAT is detected in the SAT
detector 105B, the transmitted voice channel carrier will be
modulated with that SaT. If the SAT detected does not
coincide with the SAT assigned to the appropriate voice
channel, the receiver is muted. _

30 output signals generated by the voice processing
unit 1012, the message coder 103A, the ST generator 1044, and
the SAT generator 105A are received by an audio mixer 106A.
The audio mixer 106A filters and combines the received signals
in order to limit the . carrier bandwidth and form a common

35 signal. During speeéh transmission, the speech signal is
modulated by the SAT. During transmission of data messages,




det ail ed description of the enb ed in accordance
therewith, taken in conjuncti onoﬁl %%ensé e Eanyi ng draw ngs. BRI EF

DESCRI PTI ON OF THE DRAW NGS The e present application wll
n]?w. be described in,nore detail to the preferred errbodi ment s
of the Qﬁﬁisﬁ i ven only by way of exarrpl e, and with refere

acconpanylng drawings, in which: Fig 1 illustrates part of aﬁggﬁig?

tel ephone systemwith cells, a nobile sw$ching center, base stations, and
nobil e stations; Fig. 2 is a block diagramof part of a cellular nobile
radi ot el ephone systemthat may be used to inplenent the

transmission of the SAT signal is suspended. However, when
the ST signal is transmitted, the SAT signal must also be
transmitted. The information signal generated by the audic
mixer 106A is used to frequency modulate the carrier signal in
5 the fregquency modulator 107A. The frequency modulated carrier
is connected to the radio frequency modulator 122 by way of
the microprocessor-controlled analog/digital mode switch 96.
By mixing the modulated carrier with the output signal from
the transmitting frequency synthésizer 124 in the RF modulator

10 122, the transmitted carrier frequency is generated in
accordance with the transmitting channel selected by the
microprocessor controller 130. As in the digital mode, the
output signal from the RF modulator 122 is amplified in the
power amplifier 123, filtered in the duplex filter 140 to

15 prevent the transmitted radio signals from interfering with
the received radio signals, and transmitted over an antenna
89.

Messages are transmitted/received over analog
control or analog traffic channels using the message generator

20 102A and message detector 118A. Messages are transmitted over
digital traffic channels via the FACCH and SACCH generators
102,103 and received via the FACCH and SACCH detectors 1290,
121.

It will be appreciated that in analog cellular com-

25 munications, each communications cha#nnel corresponds to a
unique frequency in the cell. That several communications
channels can use a single frequency in digital cellular
communications is one of the reasons why digital com-
munications capabilities are desirable.

30 A radio signal received from a base station over the
antenna 99 is filtered in the duplex filter 140 and received
in a receiver 126 for filtering and amplification. The output
signal from the receiver 126 is mixed with the radioc frequency
carrier signal generated by the receiver <frequency syn-

35 thesizer 125 to generate an intermediate frequency signal.
That intermediate frequency signal is connected to an inter-



channel capabilities that may be u nce with the present
i nvent i ong,-Fi is-a flow chart of a od carried out inws@
system acr‘gglja?‘ﬁ%ét o0 an enbodi nent of the present invention; | (;6310%9 S

a flow chart of a nmethod carried out in %.8 _

pr esent “inventi on; Figs. 3(a) andhESbﬁtHaTQﬂmﬁia@nSt Itute a bl ock diagram

of a dual -node nobile station havi ll ﬁm gﬂ@' and digital control
e

mediate frequency demodulator 115A by way of an analog/digital
mode switch 98 controlled by the microprocessor controller
130. The intermediate frequency demcdulator 1152 demodulates
the IF signal and restores the original, frequency modulated
5 signal. The freguency demodulator 116A extracts from the
frequency modulated signal messages data, the SAT, and speech.
In the message decoder 117A, the received messages are decoded
according to the BCH code. If the coding indicates any bit
errors, the microprocessor controller 130 is informed of such
10 errors. A decoded message is detected in the message detector
118A and transmitted to the microprocessor controller 130.
The voice processing unit 1192 processes the voice signals
from the frequency demodulator 116A into an analog signal.
The voice processing unit 11924 includes conventional deempha-
15 sis and expansion capabilities. As mentioned above, the SAT
signal is detected in the SAT detector 105B and transmitted to

the microprocessor controller 130.
The multi-mode mobile stations according to the
present invention include dual~-mode mobile stations or analog
20 mobile stations with the added capabilities for signalling on
a digital control channel. The multi-mode mobiles may be used
in cellular systems together with analog only, digital only
and dual-mode mobile stations by selecting the appropriate
communication mode. It will be recognized by those skilled in
25 the art that the base station and mobile station must function
in at least one common mode of operation. Accordingly, the
microprocessor controller 130 of the mobile station sets each
analog-digital mode switch 90, 92, 96, and 98 to the ap-
propriate mode. The microprocessor controller 130 then
30 activates those switches electrically. When an analog or
digital (voice or control) channel is active or expected to
become active in the air interface, the switches 90, 92, 96
and 98 are all connected either to the analog or to the
digital subsystem respectively. Therefore, these switches
35 may be thought of as four sets of "contacts" on the same



f the present inven- tion; Fig. 6

.nEnt 0
H Replagede| | according to an
enbodi ment of the present inventi SCRI PTI ON OF THE PREFERRED

EMBODI MENTS The present knvention li olling traffic in a

dual - rodevosil1sdéar tel ephone network. Fig. 1 illustrates ten pet/kEo¥dioedso
Cl0 in a cellular nobile radio system In actual practice, the nmethod and
means according to the present invention B¢e inplenmented in a cellular
nobil e radi o system conprising many nore cells than ten. However, for the
pur pose of expl aining the present

targef ‘cel | according to an enbogj
is a flow chart of a nethod car}ri

"relay" even though the switches are semiconductor switches
in a preferred embodiment.
The above description relates to the hardware that
can be used in conjunction with the methods according to the
5 present invention. It is understood that this hardware is for
purposes of example only and other suitable systems may be
employed without departing from the scope of the invention.
According to the present invention, the disturbance problems
within a cellular network may be reduced by assigning pre-

10 ferably analog traffic channels to mobile stations using
analog or analog and digital traffic channels based on a
predetermined criteria based on power. One criteria is
satisfied when the sending power required is above a threshold
Ll. A second criteria is satisfied when the mobile stations

15 is accessing a base station due to a directed retry order.
When a directed retry order is sent, the mobile necessarily
must transmit at a higher power level in order to successfully
transmit to the new base station.

According to the present invention, when the

20 traffic level of a cell approaches an unacceptaialy high level
of congestion, the managing of traffic channels in the land
system may be designed to reserve a number of analog traffic
channels in neighbor cells for the described purposes of
accepting handoff requests and directed retry requests.

25 According to the present invention, the above described
disturbance problems may also be reduced by preferably handing
off analog or dual mode mobile stations from cells approaching
congestion to less congested neighboring cells and assigning
analog traffic channels in the target cells.

30 According to the present invention, the above
described disturbance problems may also be reduced by pre-
ferably allowing analog traffic channels to be used at the

- _periphery of a cell. This may be achieved, for example, by
making an intra~cell handoff to an analog channel when the

35 power level required for sending from a dual mode mobile
station passes above a threshold Ll, i.e., the mobile has



invention, ten cells is deemed to be sufficient. For each of these cells CL°-

through Cl10 there is a base stati Bk SBietHay RepBddd, respectively, with the
sanme nunber as the cell. Fig. 1 ill‘ v/ mf‘@ﬂ stations situated in the
| n
k

Vi Ci Ni T Yy Af cent.er of the cell ' i -direct 'ﬁ?ﬁ%ﬁ:@ as.
Wa’é‘?‘%" owever be allocatedl ﬂ)‘é%ﬂ

The base St/atTons of adjacent cel I &'
vicinity of cell borders and have direct£ nal antennas as is well known to
t hose of ordinary skill in the art. In a known manner, each of the base
stations have assigned to thema plurality of traffic chan- nels. In a
dual - nrode system sone of these traffic channels are digital and sone are

anal 0g. Fi gpoledl 89oklhUeb 8heSpheRphRRY! 6 Stid i1 ML conversely, dual

mode mobile stations using analeg traffic channels may be

handed off to a digital traffic channel when the power level

required -for sending in the mobile station passes under

5§ another lower threshold L2, i.e., the mobile has moved closer

to the base station. These thresholds Ll and L2 are in-
dividually set for each cell.

The routines shown in Figs. 4-6 illustrate routines
carried out in the land system and/or each cell in the network

10 on a continuous basis accordih'g to preferred embodiments of
the present invention. The routines may be implemented in any
computer software using known techniques of computer pro-
gramming within the skill of an ordinary artisan in the
technology.

15 Fig. 4 is a flow chart of a routine carried out in
the land system for implementing the method according to one
embodiment of the present invention. At step 200, it is
determined whether any of the cells are overly congested. The
level of congestion can be determined in any manner, including

- 20 the number of unassigned channels, the ratio between the
number of unassigned channels and the total number of chan-
nels, etc. The level of congestion at which a cell is
determined to be congested may vary from cell to cell,
depending on such factors as anticipated traffic level for

25- that 'cell, the number of subscribers, etc.

If a cell is overly congested, the land system can
instruct neighboring cells to reserve a number of analog
traffic channels for purposes of receiving handoffs or
accesses pursuant to directed retry orders (step 210).

30 Additionally, the land system can send handoff orders and

directed retry orders to mobile stations having established
calls or new calls (step 220) for some of the traffic within
the congested cells to redistribute the traffic level, making
use of analog rather than digital traffic channels and thus
35 reducing C/I disturbance. Such handoff or directed retry

orders are sent to mobile stations capable of at least



t hrough MLO which are novabl e withlin cell and fromone cell to another
cel|]. In actual practice, the net hi: aﬁ

Sheehias B¢dr ding to the present
i nvention are inplenmented in a cell ' Edi 0 system conpri sing many
nor e nobi I,?Os%{,@s than ten. Inp re are usuall sl
nmobi | e stations an there are base stations. However, for %g@g
of explaining the present invention, the u g of ten nobile stations is

deened to be sufficient. The systemof Fig-™1 also includes a nobile swt-
ching center MSC. The nobile switching center is connected to

communicating on analog traffic channels. These orders
identify neighboring cells which have available reserved
analog traffic channels for assignment.
Fig. 5 illustrates a routine that is carried out in
5§ each cell within a network. When an access request is
received from a mobile station (step 300), the power level
required for the mobile to send its transmission to the base
station is determined (step 305). If a predetermined criteria
based on power is met, an analog traffic channel is assigned,
10 if one is available, to reduce the adjacent channel distur-
bance within the network. In particular, if the required
power level P is above the threshold L1 (step 310), or if it
is determined that the access request is due to a directed
retxy order (step 320), the cell preferably assigns an analog
15 +*raffic channel (step 350) if one ies available. In par-
ticular, in step 310, as the power level P is above the
threshold, the criteria is satisfied.
In U.S. cellular systems, the accessed cell
recognizes access due to a directed retry order by the value
20 of the *"Last Try Bit" (LT bit) in the reverse analog control
channel message as called for in the U.S. standards, EIA/TIA
IS-54-3A, p. 119-121. When the LT bit is equal to 1, the
access is according to a directed retry order. When a
directed retry order is sent, the mobile station must transmit
25 at a greater power .level than it would otherwise, since the
base stations named in the directed retry order are further
away fror the mobile station.
If neither of the criterion is met, a digital
channel is assigned, if one is available (step 340). 1In this
30 manner, adjacent channel disturbance problems can be reduced.
Another routine that is running within a cell in the
land system is shown in Fig. 6. According to this routine,
_the land system determines when a change is required in the
power level required for the mobile station to transmit com-
35 munications to the base station (step 400). The power level
to be ordered is then compared to a first threshold 11



cables fromthe nobile

Swi t chi to the base sta tOtthIXFé}. H&are
not illg‘gﬁﬁe. In addition to the rmblle svmtchlng center QE#_#@ at ed,
there may al so be another nobile sw tchi center connected by cables to

ot her base stations than those il- lustrated in Fig. 1. Instead of cables,

ot her neans nmay be utilized for base to nobile station switching center
com nmunication, e.g. fixed radio links. In sone systens, there may al so be

base stati of£0ghéQl ey chAPChasenzeakddrbetdeletermining whether an

intra-cell handoff to an analog traffic channel is desirable

(step 410). In particular, the first threshold L1 could be

set to define a periphery area of a cell and depends on a

§ wvariety of factors such as the size of the c¢ell, the an-

ticipated traffic, etc. Any power level above the threshold

L1 means that the mobile station is now located near the

periphery of the cell. Thus, the test at step 410 determines

when the power level P to be ordered passes above the thres-

10 hold L1 and the present traffic channel is digital. In such

a case, an intra-cell handoff order is sent to the mobile

station to cause it to switch its call from a digital traffic
channel to an analog traffic channel (step 420).

When a mobile station moves back to the inner

15 c¢ircle, away from the periphery, that is, when the required

power level passes below a second threshold L2 and the present

traffic channel is analog {step 430), an intra-cell handoff

order may be sent to cause the mobile station switch and

transmit on a digital traffic channel (step 440). The second

20 threshold is also set for each cell, depending on such things

as size, traffic, etc.  Hysteresis between the two thresholds

avoids oscillating handoff problems.

According to another embodiment of the present

invention, the digital traffic channels could be of the CDMA

25 type rather than the TDMA type described above. In the CDMA

case, the co~channel disturbance is decreased rather than the

adjacent channel disturbance. Additionally, intra-cell

handoff, not directed retry or handoff to neighbor cells, is

of interest. This is because analog channels would be used by

30 mobile stations in the periphery of the cells, thereby

protecting uplink (mobile to base) CDMA transmission in a cell

from disturbance caused by uplink CDMA transmissions from

_mobile stations in neighbor cells.

The foregoing description of the specific em-

35 bodiments will so fully reveal the general nature of the

invention that others can, by applying current knowledge,

all ten illustrated base stati ONS Q%G ggnReThc mobi |l e sw tching center
I s al so connected, by cables, svm tching tel ephone network
or simlar fixed network with ISDq

tl



a.mobil e switching center and ongy0&,0LEp&f rijig.Pase sta- tions. The
celJular nobile radio systemillug ' | 1 conprises a plurality of
radi o channels for com nunicatio ﬂﬂﬂ Huwﬁ s designed both for anal og

i nf or - ' g. speech, digiti* i or mati on, di g]i $ i égg speech,
and purgwoéwi nformati on. According to the system the t Wﬁ&’etion
I's used for a communi cation channel estalljshed between a nobile station
and anot her nobile station in the sane s? tem or anot her system or a fixed

tel ephone or termnal in a fixed network connected to the cellular nobile
radio system Thus, a connection nmay be defined as a call where two persons

are able to gy #8840ty and/or adapt for various applications such
specific embodiments without departing from the generic

concept, and, therefore, such adaptations and modifications

should and are intended to be comprehended within the meaning

§ and range of equivalents of the disclosed embodiments. It is

to be understood that the phraseology of terminclogy employed

herein is for the purpose of description and not of limita-

tion.



ot her, but 4 uw"ﬁﬂ a data communi cati on channel where conputers
are exchangl m, a com nunications channel, or sinply a

channel, is defined a¥% aspat cuI ar signalling path between a nobile and a
base statlon A channel -may |ncI ude, but is not .limted to, a 9 s eC|f|c
frequencyVOME3MHMN system a specific tinme slot or set of tlﬂ@‘%

TDMA, and a specific coding in COVA. Fig. 2 is a block dlagramlllustratlng

part of the hardware in which the pre esent 2fnventi on may Hm"ll”l i&’illéﬂhe
CLAIMS:

deter-

1. In a cellular mobile systelr having both analog and
digital traffic channels, and including a plurality of cells
and a plurality of mobile stations capable of using analog

5 traffic channels or analog and digital traffic channels, a
method of reducing disturbance of communications within the
system comprising assigning traffic channels for mobile
stations based on predetermined criteria based on power.

2. The method according to claim 1, wherein the step of

10 assigning traffic channels comprises the step of assigning an
analog channel if one is available based on the predetermined
criteria that a power level to be ordered for a mobile station
transmission is above a threshold Ll.

3. The method according to claim 1, wherein the step of
15 assigning traffic channels comprises the step of assigning an
analog channel if one is available based on the predetermined
criteria that a last try bit in a control message is set to 1.

4. The method according to claim 1, wherein the step of
assigning traffic channels comprises the steps of:
20 detecting a need to change the power level regquired

for transmission of communication signals by a mobile station:
comparing the required power level to be ordered to at least

one threshold; and
ordering an intra-cell handoff from one type of
25 traffic channel to another type of traffic channel when the
power level to be ordered passes the at least one threshold.

5. The method according to claim 4, wherein the types
_of traffic channels are analog and digital.

6. The method according to claim 5, wherein the digital
30 traffic channels are CDMA channels.



i nations of congesti [ made by the rmbiflghl'c’bhetSBe’mR l er
o TR TR e RN
central processor CP ard & nei m nenory. Measurenents of )

during service requests-are perforned by the control unit CU 23 of the
cont r ol waheqrswey CCH 25 of the cell's base station BS 27. TherGCI/SEN3¢10a9ni t
CU 23 controls a radio transmtter TX 29 and a radio receiver RX 31, the
three units together realizing a radio cdtannel. In addition to the control
channel CCH 25, a nunber of voice channels V([err] to V([err] are also
provi ded. Commruni cations on the voice channels are nultiplexed directly to
and fromthe switching center MSC 21 through a nultipl exer MJX 33.

Conmuni cat idns bet weeBhemethed asicandineto&ia i 5y fgherein the digital

traffic channels are ‘I‘DﬁA channels.

8. The method according to claim 1, wherein the step of
assigning traffic channels comprises the 'step of diveri:ing

5 traffic to analog traffic channels of a neighboring cell under
relatively heavy traffic congestion of a base station, if one '
is availabile.

9. The method according to claim 1, wherein the step of
assigning traffic channels comprises the steps of:
10 sending a directed retry order to one of the mobile

stations capable of using analog traffic channels and digital
traffic channels, the directed retry order naming at least one
of the base stations in the system:
controlling the one of the mobile stations to access
15 one of the base stations named in the directed retry order:
controlling the accessed base station to assign an analog
traffic channel if one is available; and
if no analog traffic channels are available,
controlling the accessed base station to assign a digital
20 traffic channel if one is available.

10. The method according to claim 1, wherein the step of
assigning traffic channels comprises the steps of:

detecting a need to divert communications traffic
from an overloaded base station to a neighbor base station;:

25 ordering a mobile station capable of using at least

analog traffic channels to handoff to a target base station;
and

controlling the target base station to assign an
analog traffic channel to the handed off mobile station.

30 11l. In a cellular mobile system having both analog and
digital traffic channels and including a land system serving
a plurality Of cells and a plurality of mobile stations ca-



the swi tchi ngmm ml re formatted by a digital interface Di/F 35.
The .switchin Immnms connected to the public tel ephone swtching
net work PTSN 37.°Ref ert | g mow to Figs. 3 (a) and 3(b), one enbodi nent of a
mul ti-nmode nobile station for use in a cellular tel ephone systemthat

oper at es wo saasggydance wth the present invention is ill ustr giegsEsdfotéos
respect to digital traffic communica- tions, i.e., where digitized voice
information is transmitted between base apd nobile stations, the operation
of the systemis explained in the context of full-rate transm ssions, in
whi ch each packet of digital information is interleaved between two sp&ced
tinme slots in a frame of data. It wll be readily appreciated, however,
that the invegatilen dfsusing kpalog and digital traffic channels, a method

of reducing disturbance of communications within the system
comprising:

detecting a requirement for changing the power

§ level of a dual mode mobile station; _

comparing the required power level to at least one
threshold for determining intra-cell handoff; and

sending an intra~cell handoff order to the mobile
station when the detected power level passes the at least one

10 threshold.

12. In a cellular mobile system having both analog and
digital traffic channels and including a land system serving
a plurality of cells and a plurality of mobile stations ca-
pable of using analog traffic channels or analog and digital
15 +traffic channels, a method of reducing disturbance of com- .
munications within the systenm comprising the step of diverting
communications traffic to analog traffic channels of neigh-
boring cells from cells experiencing relatively heavy traffic
congestion if one is available.

20 13. In a cellular mobile system having both analog and
digital traffic channels and including a land system serving
2 plurality of cells and a plurality of mobile stations ca-
pable of using analog traffic channels or analog and digital
traffic channels, a method of reducing disturbance of com-
25 munications within the system comprising the steps of:
in the land system:
sending a directed retry order to a dual mode mobile
station identifying at least one target cell;
in the mobile station:
30 accessing one of the target cells identified in the
received directed retry order; and
in the accessed target cell:

i ufﬁu



appl i cabl e tomﬂ"aﬂ el lular radi o systens, such as those in which
I nformation i m“ﬂﬂmn Iﬁitally at half rate. In the digital part of
the mul ti-node* nobil'e #tafion depicted in Fig. 3(a), speech signals froma
m crophone 100 are recei ved at an anal og-digital node switch 90 which is
con- WO 9/130d9ed by an out put signal froma m croprocessorpCyySES 106
130. Dependi ng upon the node of the nobile station, the m croprocessor
controller 130 directs the node switch @7to

assigning to the accessing mobile station an analog
traffic channel in preference over a digital traffic channel.

14. In a cellular mobile system having both analog and .
digital traffic channels and including a land system serving
5 a plurality of cells and a plurality of mobile stations ca-
pable of using analog traffic channels or analog and digital
traffic channels, a method of reducing disturbance of com-
munications within the system comprising the steps of:
in the land system:
10 detecting a need to divert communications traffic
from an overloaded cell to a neighbor cell;
sending a handoff order to a mobile station capable
of using at least analog traffic channels to handoff to a
target cell; '
15 in the mobile station:
tuning to the channel of the target cell identified
in the handoff order: and
' in the target cell:
assigning the analog traffic channel to the mobile

20 station.

15. . In a cellular mobile system having analog and
Eiigital traffic channels and including a plurality of base
stations and a plurality of mobile stations, at least one of
the mobile stations being capable of using analog traffic

25 channels and digital traffic channels, an apparatus for redu-
cing disturbance in the system comprising:

- means for determining the power level reqtiired to
transmit communication signals from mobile stations to the
base station; and |

30 means for assigning traffic channels to the mobile

stations based_ég__é__'e_;fg_éeteg;}jned__ criteria based on power.

This Sheet Has Been Reliiaced
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connect the n“"lmmumlkmum gnals to a speech cogﬁ;nﬁgll)fg; ?Orrgbillfce

station operatkngeimn a node (digital traffi
processing unit 101A for a nobile station operating in an anal og node

(anal og wossasasechannel )" In the digital node, the speech cqgey ,sé%;lumo,
converts the analog signal fromthe m crophone 100 into a binar ata

stream The data streamis divided intggdata packages, accordl ng to the
time division, nultiple access (TDMA) principle. A fast associated control
channel (FACCH) gene- rator 102 generates control and supervision
signalling nessages that are transmtted fromthe nobile station to the

| and- based 36ation. THhadAQParatsageccepiimesta akaimf LEpewherein the

means for assigning comprises:
means for determining whether the required power

level is above a threshold Ll; and

5 means for assigning an available analog traffic
channel when the required power level is above the threshold
Ll.
17. The apparatus according to claim 15, wherein the
means for assigning comprises:

10 means for determining whether a last try bit in a

control message sent between the mobile station and the base
station is equal to 1; and

means for assigning an available analog traffic
channels when the last try bit is equal to 1.

15 1s. The apparatus according to claim 15, wherein the
means for assigning comprises:
means for detecting a need to change the power level
required for transmission of communication signals by a mobile
station; _ '
20 means for comparing the required power level to at
least one threshold; and
means for ordering an intra-cell handoff from one
type of traffic channel to another type of traffic channel
when the required power level passes the at least one thres-

25 hold.

19. The apparatus according to claim 15, wherein the
types of traffic channels are analog and digital.

20. The apparatus according to claim 15, wherein the
_means for assigning comprises means for diverting traffic to

30 analog traffic channels of a neighboring cell under relatively
heavy traffic load cond:.t:.cns of a hase station, if one is

available.
This Sheet Has Been T
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of speech ormm Hﬁle“" Is to be transmtted. A slow associ ated
control channid lator 103 provides signalling nessages that are
transmtted over a tortirfuods channel for exchange of information between

t he bas t%' and the nobile station and vice versa. A f[X n r of
bits, e%.%, e, Is allocated to the SACCH for each tine ﬁ&ﬁ#}gﬁg’
nmessage stream The channel coders 104 are con- nected to the speech coder
101, FACCH generator 102 and SACCH gener&for 103 for nanipul ating the

incoming data in order to carry out error detection and correction. The
techni ques used by the channel coders are preferably convol utional

di ng. " oh . : : ) :
Fedundancy. Geck” ( Cropne, Amertathe ‘haarhify o Bla18°15) Gest iy cllC
means for assigning comprises:

means for sending a directed retry order to one of
the mobile stations capable of using analog traffic channels
5 and digital traffic channels, the directed retry order naming
at least one of the base stations in the system;
means for controlling the one of the mobile stations
to access one of the base stations named in the directed retry
ordér:
io means for controlling the accessed base station to
assign an analog traffic channel if one is available; and
means for controlling the accessed base station to assign a
digital traffic channel, if one is available.

22. The apparatus according to claim 15, wherein the

15 means for assigning comprises:
means for detecting a need to divert communications
traffic from an overloaded base station to a neighbor base
station; |
: means for ordering a mobile station capable of using
20 at least analog traffic channels to handoff to a target base

station; and
means for controlling the target base station to

assign an analog traffic channel to the handed off mobile
station.

This Sheet Has Been Reﬁaced
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in the speech coder frame, e. g twelve bits, are used for conputing a
7-bit check. A two-burst interl eaver 106 is coupl ed to the channel coders
104. The two-burst interleaver 106 i's con- trolled by the m croprocessor
control 30 that, -at appropriate tinmes, user infornmat pof/SEYR01089
particula 9ég“ge}’(gch channel I's replaced with system supervi sion nessages over
t he FACCH. Data to be transmtted by the nobile station is interleaved
over two distinct tine slots. A packqty @gf 260 data bits that constitute one
transmtting word, are divided

et Has Been Reilaced
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into two equal parts and are allotted to two different tine slots. The

ef f.ects of Rayl ei ghthadj Ll be reduced in this manner. The out put - of
t he two- burst interljmmmﬁ“ #i ded to the input of a
nodul o- t ey 107 - ansmtted data is ciphered bit-by-bit by
| ogi cal %rr@’d%;o- 9two- seudo-random bit stream W@%’W’ of
t he channel coder 104 associated with the SACCH generator 103 is connected
to a 22-burst interleaver 108. The 2229;7st interl eaver 108 interl eaves

2

data trans- mtted over the SACCH ove time slots, each burst of SACCH
data consisting of 12 bits of information. The nobile station further

I ncl udes a SyRe-6cd DVCC . generat.or 100 forprovidingthe anpropriate
synchroni - - :
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according to the published U S- standard EIA/TIA 1S-54, Rev. A, a message
burst conprises data (260 bit SACCH (12 bits), Sync Wrd (28 bits),
coded DVCC (12 bits), and 12 lacebibi ned for a total of 324
bits. Under the cont.rol -of the % 130, two different es of
message WR B0} ¢ generated b erator 110: conmﬁxﬁ%ﬁ

12 nessage bursts fromthe control channel nessage generator 132 and

voi ce/traffic message bursts. The cozt}"ql channel nessage generator 132
gener at es
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di-gi tal control nessages for transm ssion over a digrtal control channel.
Digital control channel nessages are received by the control channel
nmessage detector 133. Only the nulti-node nobile stations have this
capabi | i tWOt9d/180681 i ze digital control channels. It shoul d be PCI/SED3I0N6GY
Figs. 3(a) and 3(b) al so show the essential hardware bl ocks for a dual - node
nobil e station. Dual - nrode nobil e stations, however, do not use digital
control channels and therefore do notShale the control channel nessage
generator 132 and detector 133 and the associated software in the

m croprocessor controller 130. Unlike the control nessages sent over the
FACCH, which replace traffic bursts on the traffic channels, the contro
nmessage bursts generated by the control channel

CELL CONGESTED 7 200

RESERVE ANALOG
TRAFFIC CHAMVEL W }——210
HEICHBOR CELLS

SEND HO/DIRECTED
RETRY ORDER 0 Y

MOBILE ABLE T USE
ANALOG TRAFFIC CHANNELS
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s :
nmessage generator 132 are transmtted over a digital control channel and do
not® repl ace any traffic bursts. The transmi ssion of a burst, equivalent to
one-time slot, is synchronlzed with the transmssion of other tinme sl ot s,
whi ch tﬁ@bﬁﬁﬁhﬁh&ke -up’ & franme of information. For exanple, under the
mentioned U.S. standard, a frame may conprise three fuII-raFgT SERUML 5 on
time slots. The transnission of each burst is adjusted according to
timng control provided by the equal§ z&g 114. Due to tinme disper- sion, an
adaptive equalization nmethod is provided in order to inprove signa
quality. For further information regarding adaptlve equal i zati on

techni ques, reference is nmade to U. S. Patent . 5,088, 108 and assigned to

t he sane assignee. The
' C START 3

RECEIVE ACCESS
REQUEST FROK MOBILE  1—300
STATION
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text"c'i'f this patent is incorporated herein by reference. Briefly, the base
station functions as the nmaster and the nobile station is the slave with
respect to frame timng. The equalizer 114 detects the tining of an

i ncom rwipb Hﬁkﬂ;eamsfromthe base station and synchroni zes ?ﬁz%@
generato #f he equal i zer 114 al so checks the Sync Wrd / ‘Pgr
I denti fication purposes. 13 The burst generator 110 is coupled to a
frame counter 111 and to the equali et -j.14. The franme counter 111
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updates @ ciphering code utilized by the nobile station for each oz 300

transmtted frame, e.g. once every 20 ns. A ciphering unit 112 is provided

for generating the ciphering code utilized by the npbile station. A pseudo ™
random.al gorithmis. ptéferghly ttilized. The ci pher’/l ng unit. 112 iss -
controll ed.by a key 113 which is unique flor each swbscriber. The giphering
uniy/ 112 consists . of, at_‘$‘§g‘lé'r‘£g'é'r whi ch updates thevciphering codeglIn a .z
di gital node, the,burst f‘p-'r"o,d'uc'é' by the burst genevator 110, is faosywarded

tcgn?:o:qregogyl?tk'\g_r n%g'gbér‘g‘gggg'ojncgﬂnﬁir%m l m?’ﬁengt ﬁgdafat Q?tg;g; is
operabl e for nodul ating-a-carri-dr frequency according to the 2 L
BACKGROUND OF THE INVENTION

The present invention is directed to a method and
apparatus for controlling traffic in a cellular radioc com-
munications network in such a manner as to reduce disturbance
in the network, and more particularly to a method and ap-
paratus for controlling traffic in a cellular system including
both TDMA and FDMA traffic channels. _

Originally, cellular radio communication networks
were analog systems, transmitting speech on analog traffic
channels using frequency division multiple access (FDMA)
techniques. Upon the advent of the application of digital
technology to cellular communications, digital systems were
designed to cooperate with the existing analog systems to form
dual-mode systems. Such dual-mode systems were capable of
communicating on analog and/or digital traffic channels.
Digital channels normally use time division multiple access
(TDMA) techniques. Hand-off operations for such dual-mode
systems can not be selected to the same as any handoff process
for any digital system. One handoff technique for dual-mode
systems is described in U.S. Patent No. 5,042,082, assigned to
the same assignee, which is heréby incorporated by reference
in its entirety.

' According to American digital cellular standards,
as set forth in EIA/TIA IS-54, Rev. A, congestion in a cell
may lead to the issuance of a directed retry order. That is,
mobile stations experiencing congestion when accessing a
particular cell mav be ordered by the land system to try and
access one of a number of possible neighbor cells specified in
a particular order. Thus, the mcbile station involved may be
assigned any idle traffic channels available in a neighbor
cell. However, this entails extra interference or reception
disturbances in the network. These disturbances are the
result of at 1eas§_ two factors: first, the mobile station is
assigned a traffic ¢hannel from a relatively distant base
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r/4-DQPSK method ([err]/4 shifted, Differenti &I ol O i) At ure Phase
Shift Keying). The use of this technique inpl |8 the—rnf i i
differentially encoded, i.e., 2-bit synbols arg

possi bl e changes in phase; [err]/4 and 3[err er carrier
frequency supplied to the RF nodul ator 122 is § h )| Sl gNSM t- ting
frequency synthesizer 124 in accordance wth the Sel ect ed trans jtting

The nodul ated carrier is transnmtted {ia ahterre=99 1 hr ough a

channel .

duplex filter 140. The duplex filter 140 is used for si mul t aneous
transm ssion and reception via the sane antenna 99 on the communi cati ons

channel

power anpl i £her ;4231 JThee £E: BARlerBT SYULLoRNEh1he i8R BP\dd ¥rassic

channel with a relatively high power level. Both of these
factors negatively influence signal to noise ratios (C/I) in
the network. This is particularly true if the traffic channel
assigned is a digital channel, because the fregquency spectrum
of a digital TDMA channel is approximately the same regardless
of whether or not the subscriber is talking, whereas the
frequency spectrum of analog traffic channels consists of the
carrier only during silence periods and of wider spectrum only
when speech modulates the carrier.

Congestion in a cell may also be solved by handin’é
off calls in progress to neighboring cells which have a lower
traffic load. One example of a -load sharing method is
disclosed in U.S. Patent No. 5,241,685 and assigned to the
same assignee. An example of ancther load balancing method is
described in U.S. Patent No. 4,670,899 to Brody et al.
According to the Bq:bdy et al .. patent, a voice channel occupan-~
cy level is computed pericdically using the channel utiliza-
tion of each cell. Calls from cells with higher voice channel
occupancy levels are handed off to adjacent cells with lower
voice channel occupancy levels. Depending on the voié:e
channel occupancy levels of the cell, the cell enters one of

four states. In one state, complete cell blockage is preven-
ted by directing cells to hand off calls to adjacent cells.

In another, voice channels are preserved for incoming handoffs
by denying access to mobile stations initiating new calls.
The other two states are either a combination of the first
two, or a normal state in which all calls are handled normal-
ly. another such system is described in U.S. Patent No.
4,435,840 to Kojima et al. In these types of systeus,
however, C/I in the network may also be negatively affected by
the load balancing operation, particularly in cases where the
traffic channel assigned in the target cell is a digital TDMA
channel. |

whi shationewbichr §si notreataardiode tolTkbec frequency phphi fsecbridd, a



ponry

|y h antr W ommand by a m croprocessor controller 130. A receiver
m n y signal is generated in accordance with the sel ected

ece|V|ng §? by receiving frequency synthesizer 125. I ncom ng radio
r enpie By ‘ gn I are received by a recéiver 126, and signal strength is
asured b I gnal level neter 129. The received signal strength value is

0 the mcroprocessor controller 130. An RF denodul a- tor 127, which

6=r €1 V ChnbRbLEC ;g]eeﬂafnggs%'em{sed 24 LRSI S9elYELY
requency synt hesi zer
occurring during hand-off in a mobile cellular system is

disclosed in U.S. Patent No. 5,081,671 to Raith et al.,
assigned to the same assignee, and hereby incorporated by
reference. According to the patented method, a small number
of rescue channels in an n-cell cluster are reserved for use
to satisfy hand-off requests in an m-cell cluster, where n is
greater than m. This patent does not differentiate between
analog and digital channels, and so does not address the
advantages to be gained from reserving analog traffic channels
for hand—-off.

If a mobile station is within a cell having a large
coverage area, but at the periphery of that cell, then the
sending power of the mobile station will be relatively high.
If the mobile station in question sends its communication on
a digital traffic channel, the disturbance to the network will
be worse than if it sends on an analog channel, due to the
above described frequency spectrum difference between analog
and digital traffic channels.

SUMMARY OF THE INVENTION

According to the present invention, the adjacent
channel disturbance problems within a cellular network may be
reduced by assigning preferably analog traffic channels to
mobile stations capable of using analog or analog and digital
traffic channels based on a predetermined criteria based on
power. One criteria is satisfied when the sending power
required is above a threshold Ll. A second criteria is
satisfied when the mobile station is accessing a base station
due to a directed retry order. When a directed retry order is
sent, the mobile necessarily must transmit at a higher power
level in order to successfully transmit to the new base
station. _

The above described disturbance problems may also
be reduced by preferably handing off mobile stations capable
of using analog or analog and digital traffic channels from



frequency signal fromthe receiver 126, denodul ates the radi o frequency
carrier signal, thus generating an internedi ate frequency. The internedi ate
frequency signal is denodul ated by an I F denodul ator 128 to restore the
original [err]/4-DQSK - nodul ated dlglté informati on. The restored

I nformation provided by the IF denodulator 128 is supplied to the equalizer
114. A synbol detector 115 converts the received two-bit synbol format of

the digital cdgyg 5?9%% séﬂénteoalaggglc%qﬂets&@ HellgiPing The
synbol det ector uces ree di_stinct. OUtc{;Ut Si gnal s. Fi rst

control cha‘ﬁﬁ%ﬂ-sn@% %P%Gﬁieﬁeb’-' EhaBPeLs 1 thtt ch
suppl i es detggged @gnlgol channel |nfornat|on to the m croprocessor
controller The above described disturbance problems may also
be reduced by preferably allowing analog traffic channels to
be used at the periphery of a cell. This may be achieved, for
example, by making an intra-cell handoff to an analog channel
when the power level required for sending from a mcbile
station passes over a threshold. Conversely, mobile stations
using analog traffic channels may be handed off to a digital
traffic channel when the power level required for sending in
the mobile station passes under a threshold.

According to one embodiment of the present inven-
tion, in a cellular mobile system having both analog and
digital traffic channels, and including a plurality of cells
and a plurality of mobile stations capable of using analcg
traffic channels or analog and digital traffic channels, a
method is provided of reducing disturbance of communications
within the system comprising assigning‘Fraffic channels for
mobile stations based on predetermined criteria based on
power.

In one embodiment of the present invention, in a
cellular mobile system having both analog and digital traffic
channels and including a land system serving a plurality of
cells and a plurality of mobile stations capable of using
analog traffic channels or analog and digital traffic chan-
nels, a method is provided of reducing disturbance of com-
munications within the system including the steps of detecting
a requirement for changing the power level of a mobile
station, comparing the required power level to at least one
threshold for determining intra-cell handoff, and sending an
intra-cell handoff order to the mobile station when the
detected power level passes the at least one threshold.

In one embodiment of the present invention, in a
cellular mobile system having both analog and digital traffic
channels and including a land system serving a plurality of
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h data/ FACCH data is supplied to a nodul o-two adder

I nterl eaver 116. The speech data/ FACCH data is

Senbl ing and rearranging information fromtwo tine slots
¢ dhird, the synbol dgtector 115 supplies SACCH data to
@aver 117. The 22-burst deinterleaver 117 reassenbles

4H data over 22 consecutive franes. The two-burst
{oes t he speech data/ FACCH data to two channel

¥Rk} | ofe CHERIRL AL 1 Gpd CCBEH1 U b20 idthg
I ng princi el ved cyclic
redundancy anadiog @R@)fﬂ;m mmehscmanalm andi ﬁéglttaén}rafflc chan-

nels, a method is provided of reducing disturbance of com-
munications within the system comprising the step of diverting
communications traffic to analog traffic channels of neigh-
boring cells from cells experiencing relatively heavy traffic
load if one is available.

In one embodiment of the present invention, in a
cellular mobile system having both analog and digital traffic
channels and including a land system serving a plurality of
cells and a plurality of mobile stations capable of using
analog traffic channels or analog and digital traffic chan-
nels, a method is provided of reducing disturbance of com-
munications within the system comprising the steps of in the
land system, sending a directed retry order to a mobile
station, which order identifies at least one target cell, in
the mobile station, accessing one of the target cells iden-
tified in the received directed retry order, and in the
accessed target cell, assigning to the accessing mobile
station an analog traffic channel in preference over a digital
traffic channel. :

In one embodiment of the present invention, in a
cellular mobile system having both analog and digital traffic
channels and including a land system serving a plurality of
cells and a plurality of mobile stations capable of using
analog traffic channels or analog and digital traffic chan-
nels, a method is provided of reducing disturbance of com-
munications within the system comprising the steps of, in the
land system, detecting a need to divert communications traffic
from an overloaded cell to a neighbor cell, sending a handoff
order to a mobile station capable of using at least analog
traffic channels to handoff to a target cell, in the mobile
station, tuning to the channel of the target cell identified
in the handoff order, and in the target cell, assigning the
analog traffic channel to the mobile station.

e

P

e



; The two-burst deinterleaver 116 al so detects the

i the speech channel and any FACCH i nfornmation, and
118 accordingly. A speech decoder 119 processes the
fromthe channel decoder 118 in accordance with a

$peech signal is enhanced using a conven- tional
and input to an analog/digital node switch 92. Under

Ho..conidel @i cr dpt e sepbediment| ef the) presgntn inkentionmin a
operat| ng in éeﬁ';tlﬁ'lfa%l HoEflet BYsMEE naving analog* and digital traffic

channels and including a plurality of base stations and a
plurality of mobile stations, at least one of the mobile
stations being capable of using analog traffic channels and
digital traffic channels, an apparatus for reducing distur-
bance in the system comprising means for determining the power
level required to transmit communication signals from mocbile
stations to the base station, and means for assigning traffic
channels to the mobile stations based on a predetermined
criteria based on power.

Still other objects, features and attendant
advantages of the present invention will become apparent to
those skilled in the art from a reading of the following
detailed description of the embodiments constructed in
accordance therewith, taken in conjunction with the accom-
panying drawings. |

BRIEF DESCRIPTION OF THE, DRAWINGS

The invention of the present application will now
be described in more detail with reference to the preferred
embodiments of the device, given only by way of example, and
with reference to the accompanying drawings, in which:

Fig. 1 illustrates part of a cellular telephone
system with cells, a mobile switching center, base stations,
and mobile stations;

Fig. 2 is a block diagram of part of a cellular
mobile radiotelephone system that may be used to implement the
present invention:

Figs. 3(a) and 3(b) together constitute a block
diagram of a dual-mode mobile station having both analog and
digital control channel capabilities that may be used in
accordance with the present invention:

Fig. 4 is a flow chart of a method carried out in
the land system according to an embodiment of the present
invention; ' '
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Fig. 6 is a flow chart of a method carried out
within a cell according to an embodiment of the present
invention;

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention involves controlling traffic in a
dual-mode cellular telephone network.

Fig. 1 illustrates ten cells C1 to C10 in a cellular
mobile radio system. In actual practice, the method and means
according to the present invention are implemented in a
cellular mobile radio system comprising many more cells than
ten. However, for the purpose of explaining the present
invention, ten cells is deemed to be sufficient.

For each of these cells Cl through C10 there is a
base station Bl through Bl10, respectively, with the same
number as the cell. Fig. 1 illustrates base stations situated -
in the vicinity of the center of the cell and having om-
ni-directional antennas. The base stations of adjacent cells
may, however be allocated in the vicinity of cell borders and
have directional antennas as is well known to those of
ordinary skill in the art. In a known manner, each of the base
stations have assigned to them a plurality of traffic chan-
nels. In a dqual-mode system, some of these traffic channels
are digital and some are analog. _

Fig. 1 also illustrates ten mobile stations Ml
through M10 which are movable within a cell and from one cell
to another cell. In actual practice, the method and means
according to the present invention are implemented in a
cellular mobile radio system comprising many more mobile
stations than ten. In particular, there are usually many more
mobile stations than there are base stations. However, for
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,accqrdance with recei ved nessages and neasure- nents. The
pliay unit 131 enable information to be exchanged bet ween

se station. In contrast to the nmulti-node nobile station
gital node as descri bed above, a nulti-node nobile station
perating in an |l og node will now be described in relation to Figs. 3(a)
y~===p1 anal og signal generated by a human voice is detected on the
m cro- phone 100 and connected through the anal og/digital node switch 90 to
a voi ce ptocepnrRPsMief 1plainingorbe presessi apventionglsheanseestout a

nunber of diird GREAIIY Stitoldil o 4 IR dhblef gaegieyefRdul ate the carrier
signal. These proceSS|ng st ages i.ncl ude S|§nal ression, pree ha§|s
devi ati on s st of Fig. 1 alsc 1nc des a mobile swit
ching center MSC. The mobile switching center is connected to
', all ten illustrated base stations by cables. The mobile
switching center is also connected, by cables, to a fixed
L public switching telephone network or similar fixed network
with ISDN facilities. All cables from the mcobile switching
center to the base stations and cables to the fixed network
are not illustrated.

In addition to the mobile switching center il-
lustrated, there may also be another mobile switching center
connected by cables to other base stations than those il-
lustrated in Fig. 1. Instead of cables, other means may be
utilized for base to mobile station switching center com-
munication, e.g. fixed radic links. 1In some systems, there
may also be base station controllers, each connected between
a mobile switching center and one or more of the base sta-

tions.

The cellular mobile radio system illustrated in
Fig. 1 comprises a plurality of radic channels for com-
munication. The system is designe& both for analog infor-
mation, e.g. speech, digitized analog information, digitized
speech, and pure digital information. According to the
system, the term connection is used for a communication
channel established between a mobile station and another
mobile station in the same system or another system, or a
fixed telephone or terminal in a fixed network connected to
the cellular mobile radio system. Thus, a connection may be
defined as a call where two persons are able to talk to each
‘other, but also may refer to a data communication channel
where computers are exchanging data. Furthermore, a com-
munications channel, or simply a channel, is defined as a
particular signalling path between a mobile and a base
station. 2 channel may include, but is not limited to, a



and post-deviation limt filtering. As these signal

s are well known in the cellular tel ephone art, no further
ese stages is necessary. A nessage generator 102A receives
sages fromthe m croprocgssor controller 130 in con-

gnal I i ng between the nobil e station and the base station.
re transmtted both on the reverse control channel (RVCC)
SLevetsedivoi ce channel (RVC) fromthe nobile station to the base
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's coded set of time slots in TDMA, and a specific coding in CDMA.

Fig. 2 is a block diagram illustrating part of the hardware in
whichh the present invention may be implemented. The deter-
minations of congestion in a cell are made by the mobile
switching center MSC 21 serving that cell. The mobile
switching center MSC 21 includes a central processor CP and a
main memory. Measurements of signal strength during service
requests are performed by the control unit CU 23 of the
control channel CCH 25 of the cell's base station BS 27. The
control unit CU 23 controls a radio transmitter TX 29 and a
radio receiver RX 31, the three units together realizing a
radio channel. In addition to the control channel CCH 25, a
number of voice channels VC, to VC, are alsoc pravided.
Communications on the voice channels are multiplexed directly
to and from the switching center MSC 21 through a multiplexer
MUX 33. Communications between the control channel CCH 25 and
the switching center MSC 21 are formatted by a digital
interface Di/F 35. The switching center MsSC 21 is connected
to the public telephone switching network PTSN 37.

Referring now to Figs. 3(a) and 3(b), one embodiment
of a multi-mode mobile station for use in a cellular telephone
system that operates in accordance with the present invention
is illustrated. With respect to digital traffic communica-
tions, i.e., where digitized voice information is transmitted
between base and mobile stations, the cperation of the system
is explained in the context of full-rate transmissions, in
which each packet of digital information is interleaved
between two spaced time slots in a frame of data. It will be
readily appreciated, however, that the invention is equally
applicable to other types of cellular radic systems, such as
those in which information is transmitted digitally at half
rate.

In the digital part of the multi-mode mobile station
depicted in Fig. 3(a), speech signals from a2 microphone 100
are received at an analog~-digital mode switch 90 which is con-
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Pcessor controller 130 directs the mode switch 90 to
the microphone output signals to a speech coder 101
obile station operating in a digital mode (digital
channel) or to a voice processing unit 101A for a
mobile station operating in an analog mode (analog traffic
channel).

In the digital mode, the speech coder 101 converts
the analog signal from the microphone 100 into a binary data
stream. The data stream is divided intc data packages,
according to the time division, multiple access (TDMA)
principle. A fast associated control channel (FACCH) gene-
rator 102 generates control and -supervision signalling
messages that are transmitted from the mobile station to the
land-based station. The FACCH message replaces a user frame
of speech or data whenever it is to be transmitted. A slow
associated control channel (SACCH) generator 103 provides
signalling messages that are transmitted over a continuous
channel for exchange of information between the base station
and the mobile station and vice versa. ' A fixed number of
bits, e.g., twelve, is allocated to the SACCH for each time
slot of a message stream. The channel coders 104 are con-
nected to the speech coder 101, FACCH generator 102 and SACCH
_generator 103 for manipulating the incoming data in order to
carry out error detection and correction. The techniques used
by the channel coders are preferably convolutional encoding,
which protects important éata bits in the speech code, and
cyclic redundancy check (CRC), wherein the significant bits
in the speech coder frame, e.g., twelve bits, are used for
computing a 7-bit check.

A two-burst interleaver 106 is coupled to the
channel coders 104. The two-burst interleaver 106 is con-
trolled by the microprocessor controller 130 so that, at
appropriate times, user information over a particular speech
channel is replaced with system supervision messages over the
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into two equal parts and are allotted to two different time
slots. The effects of Rayleigh fading will be reduced in this
manner. The ocutput of the two-burst interleaver 106 is
provided to the input of a modulo-two-adder 107 so that the
transmitted data is ciphered bit-~by-bit by logical modulo-
two-addition of a pseudo-random bit stream.

The output of the channel coder 104 associated with
the SACCH generator 103 is connected to a 22-burst interleaver
108. The 22-burst interleaver 108 interleaves data trans-
mitted over the SACCH over 22 time slots, each burst of SACCH
data consisting of 12 bits of information.

The mobile station further includes a sync Word -
DVCC generator 109 for providing the appropriate synchroni-
zation word (Sync Word) and DVCC (digital verification color
code) which are to be associated with a particular connection.
The Sync Word is a 28 bit word used for time slot synchroni-
zation and identification. The DVCC is an 8-bit code sent by
the base station to the mobile station and vice-versa for
assuring that the proper channel is being decoded.

A burst generator 110 generates message bursts for
transmission by the mobile station. The burst generator 110
is connected to the outputs of the modulo~-two-adder 107, the
22-burst interleaver 108, the Sync Word/DVCC generator 109,
an equalizer 114, and a control channel message generator 132,
to integrate the various pieces of information from these
respective units into a single bit stream. For example,
according to the published U.S. standard EIA/TIA IS-54, Rev.
A, a message burst comprises data (260 bits), SACCH (12 bits),
Sync Word (28 bits), coded DVCC (12 bits), and 12 delimiter
bits, combined for a total of 324 bits. Under the control of
the microprocessor 130, two different types of message bursts
are generated by the burst generator 110: control channel



coi M’@MEM&MWE‘E@ assigned to the appropriate voice channel, the
~1Q4t put signals generated by the voice processing unit
joder 103A, the ST generator 104A, and the SAT generator
Ry ian audi o m xer 106A3xzThe audio m xer 106A filters and
: .ed signals in order tolimt the carrier bandw dth and
forima comon signal J During speech transm ssion, the speech signal is
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message bursts from the control channel message generator 132

¥

and voice/traffic message bursts.

The control channel message generator 132 generates
digital control messages for transmission over a digital
contrel channel. Digital control channel messages are
received by the control channel message detector 133. Only
the multi-mode mobile stations have this capability toutilize
digital control channels. It should be noted that Figs. 3(a)
and 3(b) also show the essential hardware blocks for a
dual-mode mobile station. Dual-mode mobile stations,
hovwever, do not use digital control channels and therefore do
not have the control channel message generator 132 and
detector 133 and the associated software in the microprocessor
controller 130. Unlike the control messages sent over the
FACCH, which replace traffic bursts on the traffic channels,
the control message bursts generated by the control channel
message generator 132 are transmitted over a digital control
channel and do not replace any traffic bursts.

The transmission of a burst, equivalent to one time
slot, is synchronized with the transmission of other time
slots, which together make up a frame of information. For
example, under the mentioned U.S. standard, a frame may
comprise three full-rate transmission time slots. The
transmission of each burst is adjusted according to timing
control provided by the equalizer 114. Due to time disper-
sion, an adaptive equalization method is provided in order to
improve signal quality. For further information regarding
adaptive equalization techniques, reference is made to U.S.
Patent No. 5,088,108 and assigned to the same assignee. The
text of this patent is incorporated herein by reference.
Briefly, the base station functions as the master and the
mobile station is the slave with respect to frame timing. The .
equalizer 114 detects the timing of an incoming bit stream
from the base station and synchronizes the burst generator
110. The equalizer 114 alsc checks the Sync Word and DVCC for
identification purposes.
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unit 112 is provided for generating the ciphering code
utilized by the mobile station. A pseudo random algorithm is
preferably utilized. The ciphering unit 112 is controlled by
a key 113 which is unique for each subscriber. The ciphering
unit 112 consists of a sequencer which updates the ciphering
code.

In a digital mode, the burst produced by the burst
generator 110, is forwarded to an RF modulaéor 122 through an
analog/digital mode switch 96 that is controlled by the
microprocessor controller 130. The RF modulator 122 is
operable for modulating a carrier frequency according to the
w/4-DQPSK method (w/4 shifted, Differentially encoded
Quadrature Phase Shift Keying). The use of this technique
implies that the information is differentially encoded, i.e.,
2-bit symbols are transmitted as four possible changes in
phase; + /4 and + 3nr/4. The transmitéer carrier frequency
supplied to the RF modulator 122 is generated by a transmit-
ting frequency synthesizer 124 in accordance with the selected
transmitting channel. The modulated carrier is transmitted
via an antenna 99 through a duplex filter 140. The duplex
filter 140 is used for simultaneous transmission and reception
via the same antenna 99 on the communications channel which is
necessary in analog mode. The carrier is amplified by a power
amplifier 123. The RF power emission level of the amplifier
is selected on command by a microprocessor controller 130.

A receiver carrier frequency signal is generated in accordance
with the selected receiving channel by receiving frecuency
synthesizer 125. Incoming radio frequency signal:z are
received by a receiver 126, and signal strength is measuxad by
a signal level meter 129. The received signal strength value
is sent to the microprocessor controller 130. An RF demodula-
tor 127, which receives the receiver carrier frequency signal
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frequency carrier signal, thus generating an intermediate
frequency. The intermediate frequency signal is demodulated
by an IF demodulator 128 to restore the original w/4~DQPSK -
modulated digital information.

The restored information provided by .the IF
demodulator 128 is supplied to the equalizer 114. A symbol
detector 115 converts the received two-bit symbol format of
the digital data from the equalizer 114 to a single-bit data
stream. The symbol detector 115 in turn produces three
distinct output signals. First, control channel messages are
sent to a control message detector 133 which supplies detected
control channel information to the microprocessor controller
130. Second, any speech data/FACCH data is supplied to a
modulo~two adder 107 and a two-burst deinterleaver 116. The
speech data/FACCH data is reconstructed by assembling and
rearranging information from two time slots of the received
data. Third, the symbol detector 115 supplies SACCH data to
a 22-burst deinterleaver 117. The 22-burst deinterleaver 117
reassembles and rearranges the SACCH data over 22 consecutive
frames.

The two-burst deinterleaver 116 provides the speech
data/FACCH data to two channel decoders 118. The con-
volutionally encoded data is decoded using the reverse of the
above-mentioned coding principle. The received cyclic
redundancy check (CRC) bits are checked to determine if any
error has occurred. The two-burst deinterleaver 116 also
detects the distinction between the speech channel and any
FACCH information, and directs the decoders 118 accordingly.
A speech decoder 119 pi:ocesses the received speech data from
the channel decoder 118 in accordance with a speech decoder
algorithm (e.g. VSELP) and generates the received speech
signal. The analog speech signal is enhanced using a conven-
tional filtering technique and input to an analog/digital mode
switch 92. Under the control of the microprocessor controller
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switch 92 transmits the speech signal to a speaker 94.
Messages on the fast associated control channel are detected
by FACCH detector 120, and the information is transferred to
the microprocessor controller 130.

The output of the 22-burst deinterleaver 117 is
provided to a separate channel decoder 118. Messages on the
slow associated control channel are detected by SACCH detector
121, and that information is transferred tc the microprocessor
controller 130.

The microprocessor controller 130 controls the
mobile station activity and the base station communication,
and also handles the terminal keyboard input and display
output 131. Decisions by the microprocessor controller 130
are made in accordance with received messages and measure-
ments. The keyboard and display unit 131 enable information
to be exchanged between the user and the base station.

In contrast to the multi-mode mobile station
operating in a digital mode as described above, a multi-mode
mobile station operating in an analog mode will now be
described in relation to Figs. 3(a) and 3(b). An analog
signal generated by a human voice is detected on the micro-
phone 100 and connected through the analog/digital mode switch
90 to a voice processing unit 101A. The voice processing unit
101a carries out a number of processing functions designed to
frequency modulate the carrier signal. These processing
stages include signal compression, preemphasis, deviation
limit filtering, and post-deviation limit filtering. As these
signal processing stages are well known in the cellular
telephone art, no further discussion of these stages is
necessary. A message generator 102A receives digital data
messages from the microprocessor controller 130 in con-
Jjunction with signalling between the mobile station and the
base station. These messages are transmitted both on the
reverse control channel (RVCC) and the reverse voice channel
(RVC) from the mobile station to the base station. A 36-bit
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single frequency in digital cellular conmunications is
why digital com munications capabilities are desirable.
eived froma base station over the antenna 99 is filtered
er '140 and received in a receiver 126 for filtering and
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single-bit errors in the data stream. Only the error pattern
of twe or more errors will be detected. The error-correcting
code adds 12 bits to the 36~bit data word, thus increasing the
word length to 48 bits.

Each analog control channel message begins with a
bit-sync sequence, a word-sync sequence, and a coded digital
color code (CDCC). The CDCC is used to assure that the proper
control channel is decoded. Similar to the control channel
messages, the voice channel messages are also provzded with a
bzt-sync sequence and a word-sync sequence.

The signalling tone (ST) generator 104A is used for
signalling from the mobile station to the base station, e.qg.
during call set up and release. Under the control of the
microprocessor controller 130, the ST is generated as a
digital data message and sent as a tone on the reverse voice
channel (RVC). The supervisory audio tone (SAT) generator-
/detector 1052, 105B is used to ensure that the correct voice
channel is being detected. The SAT is transmitted continuocus-
ly from the base station, detected by the SAT detector 105B in
the mobile station, and looped back from the SAT generator
105A in the mobile station to the base station during voice
transmission. If the expected SAT is detected in the SAT
detector 105B, the transmitted voice channel carrier will be
modulated with that SAT. If the SAT detected does not
coincide with the SAT assigned to the appropriate voice
channel, the receiver is muted.

Output signals generated by the voice processing
unit 101A, the message coder 103A, the ST generator 104A, and
the SAT generator 105A are received by an audio mixer 106A.
The audio mixer 106A filters and combines the received signals
in order to limit the carrier bandwidth and form a common
signal. During speech transmission, the speech signal is
modulated by the SAT. During transmission of data messages,
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tg@ccwgpgg;nyFHQtlon signal generated by the audio
mixer 106A is used to frequency modulate the carrier signal in
the frequency modulator 107A. The frequency modulated carrier
is connected to the radio frequency modulator 122 by way of
the microprocessor-controlled analog/digital mode switch 96.
By mixing the modulated carrier with the ocutput signal from
the transmitting frequency synthesizer 124 in the RF modulator
122, the transmitted carrier frequency is generated in
accordance with the transmitting channel selected by the
microprocessor controller 130. As in the digital mode, the
output signal from the RF modulator 122 is amplified in the
power amplifier 123, filtered in the duplex filter 140 to
prevent the transmitted radio signals from interfering with
the received radio signals, and transmitted over an antenna
99,

Messages are transmitted/received over analog
control or analog traffic channels using the message generator
102A and message detector 118A. Messages are transmitted over
digital traffic channels via the FACCH and SACCH generators
102,103 and received via the FACCH and SACCH detectors 120,
i121.

It will be appreciated tha.t in analog cellular com-
munzcatlons, each communications channel corresponds to a
unique frequency in the cell. That several communications
channels can use a single frequency in digital cellular
communications is one of the reasons why digital com-
munications capabilities are desirable.

A radio signal received from a base station over the
antenna 99 is filtered in the duplex filter 140 and received
in a receiver 126 for filtering and amplification. The output
signal fronm the receiver 126 is mixed with the radio frequency
carrier signal generated by the receiver frequency syn-
thesizer 125 to generate an intermediate frequency signal.
That intermediate frequency signal is connected to an inter-

in
130.

Jopil e stations accordingzto the present invention include

€ignalling on a digital control channel. The nulti-node

“mobi | es may be used in cellular systems together with analog only, digital
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sem conduct %E:dséwstw%.ri:%% 98 controlled by the microprocessor controller
L30. The intermediate frequency demodulator 115A demodulates
the IF signal and restores the original, frequency modulated
signal. The frequency demodulator 116A extracts from the
frequency modulated signal messages data, the SAT, and speech.
In the message decoder 1172, the received messages are decoded
according to the BCH code. If the coding indicates any bit
errors, the microprocessor controller 130 is informed of such
errors. A decoded message is detected in the message detector
1182 and transmitted to the microprocessor controller 130.
The voice processing unit 119A processes the voice signals
from the frequency demodulator 116A intc an analog signal.
The voice processing unit 119A includes conventional deempha-
sis and expansion capabilities. As mentioned above, the SAT
signal is detected in the SAT detector 105B and transmitted to
the microprocessor controller 130. '

The multi-mode mobile stations according to the
present invention include dual-mode mobile stations or analog
mobile stations with the added capabilities for signalling on
a digital control channel. The multi-mode mobiles may be used
in cellular systems together with analog only, digital only
and dual-mode mobile stations by selecting the appropriate
communication mode. It will be recognized by those skilled in
the art that the base station and mobile station must function
in at least one common mode of operation. Accordingly, the
microprocessor controller 130 of the mobile station sets each
analog-digital mode switch 90, 92, 96, and 98 to the ap-
propriate mode. The microprocessor controller 130 then
activates those switches electrically. When an analog or
.digital (voice or control) channel is active or expected to
become active in the air interface, the switches 90, 92, 96
and 98 are all connected either to the analog or to the
digital subsystem respectively. Therefore, these switches
may be thought of as four sets of “contacts" on the same




v’m?.ed.éhbbdlnent The above description relates to the hardware
conjunction with the nmethods according to the present
nyen 7@ER gyl sk upderstood that this hardware is for purposes of exanple
nky and other shifable systens may be enpl oyed wi thout departing fromthe
nfion. According to thejgresent invention, the disturbance
el lul ar network may be reduced by assigning pre- ferably
. anarog trarticc Znnel s to nobile stations usi ng anal og or anal og and
digital traffic channels based on a predetermned criteria based on power.

One criter i'ecélsawaté@éﬁemmn the seidichesPawrl geaditdRductonbdvbtohes

t hr eshol d L.l aApsz‘:% errec{l tn&ocf‘menéat i sfied when the nobil e stations

The above description relates to the hardware that
can be used in conjunction with the methods according to the
present invention. It is understood that this hardware is for
purposes of example only and other suitable systems may be
employed without departing from the scope of the inventien.
According to the present invention, the disturbance problems
within a cellular network may be reduced by assigning pre-
ferably analog traffic channels to mobile stations using
analog or analog and digital traffic channels based on a
predetermined criteria based on power. One criteria is
satisfied when the sending power required is above a threshold
L1. A second criteria is satisfied when the mobile stations
is accessing a base station due to a directed retry order.
When a directed retry order is sent, the mobile necessarily
must transmit at a higher power level in order to successfully
transmit to the new base station.

According to the present invention, when the
traffic level of a cell approaches an unacceptably high level
of congestion, the managing of traffic channels in the land
system may be designed to reserve a number of analog traffic
channels in neighbor cells for the described purposes of
accepting handoff requests and directed retry regquests.
According to the present invention, the above described
disturbance problems may also be reduced by preferably handing
off analog or dual mode mobile stations from cells approaching
congestion to less congested neighboring cells and assigning
analog traffic channels in the target cells.

According to the present invention, the above
described disturbance problems may alsoc be reduced by pre-
ferably allowing analog traffic channels to be used at the
periphery of a cell. This may be achieved, for example, by
making an intra-cell handoff to an analog channel when the
power level required for sending from a dual mode mobile
station passes above a threshold L1, i.e., the mobile has




[ wef station due to a directed retry order. Wen a directed
retgy ﬁ%@ th the nobile necessarily nust transmt at a higher power
Iij 2 tol shiccessfully transnmit to the new base station. According
t inWeption, when the traffe@ level of a cell approaches an
vel of congestion, the managing of traffic channels in
"be desi gned to reserve a nunber of analog traffic

IR W AU S CARL R A R e e ST
the above dﬁ&ﬁéi hrbilist sththoaspuaiingmamsloq| spali€ icedhasnhelys magf dvabl y
handing of f,anala0 ¢ 442l FPgSedRPLEE£218! LRNRNEACORRER! tie2PORORCTLG!
required for sending in the mobile station passes under
another lower threshold L2, i.e., the mobile has moved closer
to the base station. These thresholds Ll and L2 are in-
dividually set for each cell.

The routines shown in Figs. 4-6 illustrate routines
carried out in the land system and/or each cell in the network
on a continuous basis according to preferred embodiments of
the present invention. The routines may be implemented in any
computer software using known techniques of computer pi:o-
gramming within the skill of an ordinary artisan in the
technology.

Fig. 4 is a flow chart of a routine carried out in
the land system for implementing the method according to one
embodiment of the present invention. At step 200, it is
determined whether any of the cells are overly congested. The
level of congestion can be determined in any manner, including
the number of unassigned channels, the ratio between the
number of unassigned channels and the total number of chan-
nels, etc. The level of congestion at which a cell is
determined to be congested may vary from cell to cell,
depending on such factors as anticipated traffic level for
that cell, the number of subscribers, etc.

If a cell is overly congested, the land system can
instruct neighboring cells to reserve a number o¢f analog
traffic channels for purposes of receiving handoffs or
accesses pursuant to directed retry orders (step 210).
Additionally, the land system can send handoff orders and
directed retry orders to mobile stations having established
calls or new calls (step 220) for some of the traffic within
the congested cells to redistribute the traffic level, making
use of analog rather than digital traffic channels and thus
reducing C/I disturbance. Such handoff or directed retry
orders are sent to mobile stations capable of at least
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ongest ed neighboring cells and assigning analog traffic
et cells. According to the present invention, the above

I C chanhels to be used at th&lperiphery of a cell. This may be
e, by making an intra-cell handoff to an anal og channel

when t he bomer level required for sending froma dual node nobile station

DS phery GORRRLERTEhE g, arfitod FAIHHS BRZnne1 R rhede™ orderd®
identify neighboring cells which have available reserved
analog traffic channels for assigmment.

Fig. 5 illustrates a routine that is carried out in
each cell within a network. When an access request is
received from a mobile station (step 300), the power level
required for the mobile to send its transmission to the base
station is determined (step 305). If a predetermined criteria
based on power is met, an analog traffic channel is assigned,
if one is available, to reduce the adjacent channel distur-
bance within the network. In particular, if the required
power level P is above the threshold Ll (step 310), or if it
is determined that the access request is due to a directed
retry order (step 320), the cell preferably assigns an analog
traffic channel (step 350) if one is available. In par-
ticular, in step 310, as the power level P is above the
threshold, the criteria is satisfied.

In U.S. cellular systems, the accessed cell
recognizes access due to a directed retry order by the value
of the "Last Try Bit" (LT bit) in the reverse analog control
channel message as called for in the U.S. standards, EIA/TIA
IS-54-A, p. 119-121. When the LT bit is equal to 1, the
access is. according to a directed retry order. When a
directed retry order is sent, the mobile station must transmit
at a greater power.level than it would otherwise, since the
base stations named in the directed retry order are further
away from the mobile station.

If neither of the criterion is met, a digital
channel is assigned, if one is available (step 340). In this
manner, adjacent channel disturbance problems can be reduced.

Another routine that is running within a cell in the
land system is shown in Fig. 6. According to this routine,
the land system determines when a change is required in the
power level required for the mobile station to transmit com-
munications to the base station (step 400). The power level
to be ordered is then compared to a first threshold L1




7 using analog traffic channels may be handed off to a

' hannel when the power |evel required for sending in the
'Iezym Mps s under anot her I0\_/r\$% threshold L2, i.e., the nobile
S

h aned closer ot t he base station e thresholds L1 and L2 are in-

dij vik »+=for fach cell. The routines shown in Figs. 4-6 illustrate

r gL in the |and system and/or each cell in the network on
a TONTTNuog érﬁ gkda w%ﬂeggageprﬁﬂwﬁ PBROULEALRI RInd NGnOERSENhn

i nventi on. e“routine | emented 1 n_any nput er, tyar e_usi ng

known techhﬂﬁﬁ%’scSF-chﬁﬁGPGf %‘Pcﬁn Mﬁqngtmﬁﬂ-ﬁ %‘!ﬂ‘é lis 8esi®ablei nary
artisan ingsbept £2690! Of¥. particular, the first threshold L1 could be

set to define a periphery area of a cell and depends on a
variety of factoeors such as the size of the cell, the an-
ticipated traffic, etc. Any power level above the threshold
L1 means that the mobile station is now located near the
periphery of the cell. Thus, the test at step 410 determines
when the power level P to be ordered passes above the thres-
hold L1 and the present traffic channel is digital. 1In such
a case, an intra-cell handoff order is sent to the mobile
station to cause it to switch its call from a digital traffic
channel to an analog traffic channel (step 420).

When a mobile station moves back to the inner
circle, away from the periphery, that is, when the required
power level passes below a second threshold L2 and the present
traffic channel is analog (step 430), an intra-cell handoff
order may be sent to cause the mobile station switch and
transmit on a dn.g:.tal traffic channel (step 440). The second
threshold is also set for each cell, depending on such things
as size, traffic, etc. Hysteresis between the two thresholds
avoids oscillating handoff problems.

According to another embodiment of the present
invention, the digital traffic channels could be of the CDMA
type rather than the TDMA type described above. In the CDMA
case, the co-channel disturbance is decreased rather than the
adjacent channel disturbance. Additionally, intra-cell
handoff, not directed retry or handoff to neighbor cells, is
of interest. This is because analog channels would be used by
mobile stations in the periphery of the cells, thereby
protecting uplink (mobile to base) CDMA transmission in a cell
from disturbance caused by uplink CDMA transmissions from
mobile stations in neighbor cells.

The foregoiné description of the specific em-
bodiments will so fully reveal the general nature of the
invention that others can, by applying current knowledge,



Fig. 4 is a flowchart of a routine carried out in the |land systemfor

I npl enmenting the nmethod according to one enbodi nent of the present

i nvention. At step 200, it is determ ned whether any of the cells are
overly congested. The |evel of congestiorgxan be determ ned in any nmanner,
i ncl udi ng the nunber of unassigned channels, the ratio between the nunber
©Of unassi gned channels and the total nunmber of chan- nels, etc. The | evel
of congestion at which a cell is deternined to be congested may vary from -
cel| to cel Feadddanhdneditn m@HOF‘acﬁC%#Bta§°é‘nt\*r3:rm%dap?éﬁ-¢ﬂ§-lpa\$eIsu‘tm
that cell, Lpadiyier edbodyfientisPewitneit Heparddidg '?rBiﬁertereC%@x"e?

the I and sy(sz %rgecgtn I ns rlé(;:;t nefl %hborl nghcetlil Stt % reserved a guf

anal og pt, an erefo adaptations and modi Lcatz.ons
should and are intended to be comprehended within the meaning
and range of equivalents of the disclosed embodiments. It is
to be understood that the phraseology of terminclogy employed
herein is for the purpose of description and not of limita-

tion.
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traffic.channel s for purposes of “receiving handof “RE r '_'_._"g'{ﬁﬁé’fe@ﬁ?ﬁﬁif suant to

directed retry oﬂmm, Iﬂﬂ' Additionally, the send
handoff orders a mmmﬂ Orders to nobil ¢ st @g

establ i shed cal|s or ‘neW chl IS (*step 220) 2flor so aé ﬁgr@r iciw thin

t he congested cells to redistribute the traffic | ot anal og
rather than digital traffic channels and thus redyci ng il odi stur bapce.
Such handof fﬁé{&l rected retry orders are sent t s~tapabl e

of at | east
1. In a cellular mobile system having both analog and

digital traffic channels, and including a plurality of cells
and a plurality of mobile stations capable of using analog
traffic channels or analog and digital traffic channels, a
method of reducing disturbance of communications within the
system comprising assigning traffic channels for mobile
stations based on predetermined criteria based on power.

b

2. The method according to claim 1, wherein the step of
assigning traffic channels comprises the step of assigning an
analog channel if one is available based on the predetermined
criteria that a power level to be ordered for a mobile station
transmission is above a threshold Ll.

3. The method according to claim 1, wherein the step of
assigning traffic channels comprises the step of assigning an
analog channel if one is available based on the predetermined
criteria that a last try bit in a control message is set to 1.

4. The method according to claim 1, wherein the step of
assigning traffic channels comprises the steps of:

“detecting a need to change the power level required
for transmission of communication signals by a mobile station:;
comparing the required power level to be ordered to at least
one threshold; and

ordering an intra-cell handoff from one type of
traffic channel to another type of traffic channel when the
power level to be ordered passes the at least one threshold.

5. The method according to claim 4, wherein the types
of traffic channels are analog and digital.

6. The method according to claim 5, whereln the dlg:l.tal

traffic channels are CDMA channels.
This Sheet Has Been R,
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communi cating on anal og traffic channels. Thes WWMM&W

nei ghbori ng celTs which have avail abl e reserved | og traffic cRannels for

assi gnnent lm a routine that is carrperpgtioon qagh cel
within a netvvoﬂ’ll“” mnmgﬂness request is receiyved froma nokilie
station (step 300); the hover *l evel required for ' ind its

transm ssion to the base station is determned (step 305). If a
predeterm ned criteria based on power is nmet, an anal og fréTT"T“c'E""é’ﬁ"'gnnel S
assigned, 7f one is a'heilhefbhed aacoeding tdeladmspgmhatmiméheddigitalbance

the t hr esnot St £1E  gpafindTs) wE4 by brbBRGIEY T0C PORSL 1 heaccess request
is due to a dlrected
8. The method according to claim 1, wherein the step of
assigning traffic channels comprises the step of diverting
traffic to analog traffic channels of a neighboring cell under
relatively heavy traffic congestion of a base station, if one

is available.

9. The method according to claim 1, wherein the step of
assigning traffic channels coﬁprises the steps of:

sending a directed retry order to one of the mobile
stations capable of using analog traffic channels and digital
traffic channels, the directed retry order naming at least one
of the base stations in the system:

controlling the one of the mobile stations to access
one of the base stations named in the directed retry order:;
controlling the accessed base station to assign an analog
traffic channel if one is available; and

if no analog traffic channels are available,
controlling the accessed base station to assign a digital
traffic channel if one is available.

10. The method according to claim 1, wherein the step of
assigning traffic channels comprises the steps of:

detecting a need to divert communications traffic
from an overloaded base station to a neighbor base station;

ordering a mobile station capable of using at least
analog traffic channels to handoff to a target base station;
and

controlling the target base station to assign an
analog traffic channel to the handed off mobile station.

11. In a cellular mobile system having both analog and
digital traffic channels and including a land system serving
a plurality of cells and a plurality of mobile stations ca-

This Sheet Has Been R
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retry order (step 320), the cell preferably assigns an analog traffic
channel (step 350)71f one is avail able. In par- ticular, in step 310, as

t he power | evel Py “mtnmmaml\(eishol d, the criteria is satisfied. In
U.S. cellular sysgm“ cell 2&cogni zes access due to a
directed retry order By the"val ue of the "Last Try Bit" (LT bit) in the
reverse anal og control channel nessage as called for in the U S standards,

EIATIA 1S 54-A p. 119-121. Wien the LT bit is equal to 1, the access is
accordi ng t oxablierefiusingtagabegand digital diratfig ghannels d& medhasht

the mobile 55@%@&%83!?1& 41888 blndk 8£UEERNEANIRMIodLAItHItARHd sYatleth
ot herw se, since the base stations naned in the directed retry ordér are
furt her somprising:

detecting a requirement for changing the power
level of a dual mode mobile station;

comparing the required power level to at least one
threshold for determining intra-cell handoff; and

sending an intra-cell handoff order to the mobile
station when the detected power level passes the at least one

threshold.

1z2. In a cellular mobile system having both analog and
digital traffic channels and including a land system serving
a plurality of cells and a plurality of mobile stations ca-
pable of using analog traffic channels or analog and digital
traffic channels, a method of reducing disturbance of com-
munications within the system comprising the step of diverting
communications traffic to analog traffic channels of neigh-
boring cells from cells experiencing relatively heavy traffic
congestion if one is available.

13. In a cellular mobile system having both analog and
digital traffic channels and including a land system serving
a plurality of cells and a plurality of mobile stations ca-
pable of using analeg traffic channels or analog and digital
traffic channels, a method of reducing disturbance of com-
munications within the system comprising the steps of:
in the land system:

sending a directed retry order to a dual mode mobile
station identifying at least one target cell;
in the mobile station: _

accessing one of the target cells identified in the
received directed retry order; and

in the accessed target cell:
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away fromthe.mbile station. If neither of the criterion is net, a digital
channel is assigned, if one is available (step 340). In this manner,

adj acent channt mﬂm;mﬂ obl ens CAn be reduced. Another routine that
i's running wths ' Wuﬂﬁ | and syStemis shown in Fig. 6. According
to this routine, the tarfd $ystem deterni nes when a change is required in
the power level required for the nobile station to transmt com

muni cations to the basgighihi %(ﬁéﬂcﬁ‘;‘%@s-in@ﬁoﬂﬁw st8¥ebn! £n R dipT ed

is then conpared t afirit hr eshol d ) .
traffic channel in preference over a digital traffic channel.

14. In a cellular mobile system having both analog and
digital traffic channels and including a land system serving
a plurality of cells and a plurality of mobile stations ca-
pable of using analog traffic channels or analog and digital
traffic channels, a method of reducing disturbance of com-
munications within the system comprising the steps of:
in the land system:

detecting a need to divert communications traffic
from an overloaded cell to a neighbor cell;

sending a handoff order to a mobile station capable
of using at least analog traffic channels to handoff to a
target cell:;

in the mobile station: _

tuning to the channel of the target cell identified
in the handoff order; and

in the target cell:

assigning the analog traffic channel to the mobile
station.

15. In a c¢ellular mobile system having analog and
Eiigital traffic channels and including a plurality of base
stations and a plurality of mobile stations, at least one of
the mobile stations being capable of using analog traffic
channels and digital traffic channels, an apparatus for redu-
cing disturbance in the system comprising: _

means for determining the power level required to
transmit communication signals from mobile stations to the
base station: and

means for assigning traffic channels to the mobile
stations based on a predetermined criteria based on power.
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22 assigned-ta_that base station for deternining whet Ref——tf—ifiiddn
handoff to an anal og traffic channel is desirable (st eREPADKMENT

particul ar, ﬁ"ﬂmmum L1 could be set to deji -2
of a cell and m ety of factors such asjt|

the an- ticipatéd fra‘ffl'b Sete. Any powetd| evel abovt

cell. Thus, the test at step 410 deterni nes when the povier IeveI P
Gigital. | E&uch o catbe bR Bocoiling réoPGEREH
station tom fortassigningi cempaiSeSFom a digital traffic
- means for determining whether the required power
level is above a threshold Ll; and
means for assigning an available analog traffic
channel when the required power level is above the threshold

Ll.

17. The apparatus according to claim 15, wherein the
means for assigning comprises:

means for determining whether a last try bit in a
control message sent between the mobile station and the base
station is equal to 1; and .

means for assigning an available analog traffic
channels vwhen the last try bit is equal to 1.

i8. The apparatus according to claim 15, wherein the
means for assigning comprises:

means for detecting a need to change the power level
required for transmission of communication signals by a mobile
station; ,

means for comparing the required power level to at
least one threshoeld; and

means for ordering an intra-cell handoff from one
type of traffic channel to another type of traffic channel
vhen the required power level passes the at least one thres-
holad.

19. The apparatus according to claim 15, wherein the
types of traffic channels are analog and digital.

20. The apparatus according to claim 15, wherein the
means for assigning comprises means for diverting traffic to
analog traffic channels of a neighboring cell under relatively
heavy traffic load conditions of a base station, if one is

available. e
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channel to -an analog traffic channel (step 420). Wen a nobile station

noves back to the inner cirtcte—away fromthe periphery, that is, when the

requi red power |l : w a second threshold L2 and the present
traffic channel,muw; i | E

g 430), an intra-cell handoff order nay be
sent to cause tlite oDk ' switchgand transmt on a digital traffic
channel (step 440). The second threshold is also set for each cell,

dependi ng on such things as size, traffic, etc. Hysteresis between the two
t hreshol ds avoi ds oscillating handoff problenms. According to another

enbodi mrenz1of the pmherippaweinis oaccobeifggtivalcliaiaf fis, chmnreis €oel d be

of the C%L¥p§°£aégsgghtiﬁa &gﬁpl%st:ype descri bed above. In the CDVA
means for sending a directed retry order to one of
the mobile stations capable of using analog traffic channels
and digital traffic channels, the directed retry order naming
at least one of the base stations in the systenm;
means for controlling the one of the mobile stations
to access one of the base stations named in the directed retry

order;

means for controlling the accessed base station to
assign an analog traffic channel if one is available; and
means for controelling the accessed base station to assign a
digital traffic channel, if one is available.

22. The apparatus according to claim 15, wherein the
means for assigning comprises:

means for ciet:ecting a need to divert communications
traffic from an overloaded base station to a neighbor base
station:

means for oxdering a mobile station capable of using
at least analog traffic channels to handoff to a target base
station; and _
means for controlling the target base station to
assign an analog traffic channel to the handed off mobile
station. |
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case, the co-channel disturbance is decreased rather than the adjacent
channel di sturbance. Additionally, intra-cell handoff, not directed retry
or handoff to neighbor cells, is of interest. This is because anal og
channel s woul d be used by nobile stations3Pn the peri phery of the cells,

t hereby protecting uplink (nobile to base) CDVA transm ssion in a cell from
di sturbance caused by uplink CDVA tranigi %glp(&&s fromnobile stations in

nei ghbor cells. The foregoing descriptf it he specific em bodi nents

will so fully reveal the general nature of the invention that others can

by applying current know edge, ANALOG RETRY

In a cellular mobile system having analog and digital
traffic channels, and including a plurality of base
stations and a plurality of mobile stations, at least one
of the mobile stations being capable of using analog
traffic channels and digital traffic channels, a method for
reducing disturbance in the system comprising assigning
analog traffic channels to the mobile stations based on
pre-determined criteria based on power. An apparatus is
also disclosed for reducing disturbance in a cellular
mobile system.

Figure 1
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23 readi'ly nodify and/ or adapt for various applications such specific
enbodi nents without departing fromthe generic concept, and, therefore,
such adaptations and nodifications should and are intended to be

conprehended within the neani ng and, r,ange of equival ents Fes.di-get 0506
embodi ments. It is to be understood! t’@t t he phraseol ogy ghp}:«é: fﬁﬁ%ioﬁﬂﬁﬁ'f
enpl oyed herein is for the purpose of description and noﬁ ¢f limta-"tTop.
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CLAI MS t. in a cellular nobile system having both anal og and digital
traffic channels and including a | and systemserving a plurality of cells,
a plurality of nobile stations of a first kind using said anal og channel s
only and a plurality of nobile stations of a second kind using both said
analog and digital traffic channels, a petphod of reducing disturbance of
communi cations within the system when a nobile station of said second kind

| eaves a first cell for a second cell, said second cell having a heavy
traffic | oad, cpmprrsrg-tieSteps of 11 the rand-SysStem
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digital traffic channels and including a plurality of base stations, a
plurality of nobile stations of a first kind using said-—ahalog--chamres;
only, and a plurality of nobile stations of a second REBL@@EM@PHOSHEB’E
anal og traffic channels and digital traffic channels, {aj
reduci ng di sturbance in the system when a nobil e statijo# cé
kind Ieaves a first cell for a second4cgfl, said secopdice
traffic | oad, conprising: neans for sending a directed ®
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-25- nobile station of said second kind, the directed retry order nam ng at
| east one of the base stations in the system adjacent to said second cel
and having at |east one analog traffic channel avai)able;
controlling the said nobile station of said second e,ﬂ“¢~;uw,i e d one
of the base stations naned in the dg{;?ted retry of Uthmtrifind ahdiaf
controlling the accessed base stati on”fo assign an
in preference over a digital traffic channel based
order. 3. In a cellular nobile system having ana

annel
retry
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digital .traffic channels and including a plurality of base statioAs—=
plurality of nobile stations of a first kind using SQhﬁﬁgm?sﬁﬁjﬁhé%h&
only and a plurality of nobile stations of a second Ki*Hu twsi+g

anal og traffic channels and digital traffic channels,
reduci ng di sturbance in the systen1ﬁhéﬁ7a nobi | e st at ‘
kind is leaving a first cell for a second cell, said §e ond e av(0 a
heavy traffic |oad, conprising: nmeans for sendlng a directed retry orde to

a nobile station of said second kind ide anget-.base=st=atToun, and
means for controlling the target base s at'Q?ﬁLﬁf
RECEIVE ACCESS

REQUEST FROM NOBILE 300
STATION

#

DETERNINE 305
POWER LEVEL

PONER LEVEL P = 17 310

LAST TRY BIT <12 320

|

ASSIGH ANALOG ASSIGN ANALOG
TRAFFIC CHANKEL TRAFFIC CHANNEL 340
IF AVAILABLE IF AVAILABLE
)
350
£ND



assign an-analog traffic channel in preference over a digital traffic

channel based on said directed retry order. 4. A met hod of reducing
di sturbance in a cellular nmobile system substantially rt |
with reference to the acconpanying draw ngs. 5. Appag 1~.
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1. 1In a cellular mobile system having both >*47 - _ |

analog and digital traffic channels and including a
land system serving a plurality of cells, a plurality
of mobile stations of a first kind using said analog
channels only and a plurality'bf mobile stations of a
second kind using both said analog and digital traffic
channels, a method of reducing disturbance of
communications within the system when a mobile station
of said second kind leaves a first cell for a second
cell, said second cell having a heavy traffic load,
comprising the steps of:

in the land system:

sending a directed retry orxrder to a mobile station
of said second kind identifying at least one target
cell adjacent to said second cell and having at least
one analog traffic channel available;

in the mobile station:

accessing said target cell identified in the
received directed retry order; and

in the accessed target cell:

assigning to the accessing mobile station of said
second kind an analog traffic channel in preference
over a digital traffic channel based on said directed
retry order.

2. In a cellular mobile system having analog and
digital traffic channels and including a plurality of
base stations, a plurality of mobile stations of a
first kind using said analog channels only, and a
plurality of mobile stations of a second kind using
both said analog traffic channels and digital traffic
channels, an apparatus for reducing disturbance in the
system when a mobile station of said second kind leaves
a first cell for a second cell, said second cell having
a heavy traffic load, comprising:

means for sending a directed retry order to a
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mobile station of said second kind, the directed retry
order naming at least one of the base stations in the
system adjacent to said second cell and having at least
one analog traffic channel available;

means for controlling the said mobile station of
said second kind to access said ome of the base
stations named in the directed retry order; and

means for controlling the accessed base station to
assign an analog traffic channel in preference over a
digital traffic channel based on said directed retry
order.

3. In a cellular mobile system having analog and
digital traffic channels and including a plurality of
base stations, a plurality of mobile stations of a
first kind using said analog channels only and a
plurality of mobile stations of a second kind using
both said analog traffic channels and digital traffic
channels, an apparatus for reducing disturbance in the
system when a mobile station of said second kind is
leaving a first cell for a second cell, said second
cell having a heavy traffic load, comprising:

| means for sending a directed retry order to a
mobile station of said second kind identifying a target
base station; and

means for controlling the taréet base station to
assign an analog traffic channel in preference over a
iigital traffic channel based on said directed retry
order.

4, A method of reducing disturbance in a
cellular mobile system, substantially as herein
described with reference to the accompanying drawings.

5. Apparatus for reducing disturbance in a
cellular mobile system, substantially as herein
described with reference to the accompanying drawings.
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ABSTRACT
ANALOG RETRY

In a cellular mobile system having analog and digital
traffic channels, and including a plurality of base
stations and a plurality of mobile stations, at least one
of the mobile stations being capable of using analog
traffic channels and digital traffic channels, a method for
reducing disturbance in the system comprising assigning
analog traffic channels to the mobile stations based on
pre-determined criteria based on power. An apparatus is
also disclosed for reducing disturbance in a cellular
mobile system.

Figure 1

REPLACEMENT SHEET
12 JUN 1997




-

HUosws-l Thes

&

PCT wom_n' INTELLECTUAL mom ogcmmmu
INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
{ (1) tnternational Patent Classification 5 : (11) Internationst Publication Number: WO 94/13069
' Al
HO4B 7/26, H04Q 7/04 | (43} International Publication Date: 9 June 1994 (09.06.94)
{21} International Application Number: PCT/SE93/01009 | (81) Designated States: AU, BR, CA, GB, JP, KR, NZ, SE.
{22) International Filing Date: 23 November 1993 (23.11.93)
Published
With international search report.
(30) Priority Data:
980715

24 November 1992 (24.11.92) US

(71) Applicant: TELEFONAKTIEBOLAGET LM ERICSSON
{SE/SE}; S-126 25 Stockholm (SE). :

{T2) loventor: DAHLIN, Jan, Esik, Ake, Steinar; Siningsviigen 152,
S$-175 45 Jarfilla (SE).

(74) Agents: LOVGREN, Tage et al; Telefonakticbolaget LM
Ericsson. S-126 25 Stockholm (SE).

REPLACED SHLELTS SG

: Description : puged .Yt paged .25
& Claim(s) Cpaged LM 1o paged L4
Wl Drawing(s) :paged Y. o posed
] Abuteant Dpeged Mo G paed LT

DAY OO0 2oy

(54) Title: ANALOG RETRY

{57) Abstract

In a ceflular mobile system having analog and digital
waffic chanpels, and inciuding a plurality of base stations and
a plurality of mobile stations, at least one of the mobile
stations being capable of using apalog traffic chanoels and
digital wraffic channels, a method for reducing disturbance in the
system comprising assigning analog traffic channels w the mobile
stations based on predetermined criteria based on power. An
apparatus is also disclosed for reducing dismurbance in a cellular
mobile system,
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