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Division Multiple Access (CDMA) modulation in a mobile

5 telephone system to permit several conversations to take
place simultaneously in the same frequency channel. The
fixed network side of the mobile telephone system is
divided into cells to provide area coverage. A base
station illuminates each cell with CDMA radio signals

10 that carry a number of different conversations
overlapping in the same frequency éhannel. The power in
each overlapping signal'is graded éccording to the
distance from the mobile it is serving. The strongest of
the overlapping signals is reserved and used as a

15 broadcast channel to all mobiles, known as the calling
channel, for that cell. The calling channel is used to
inform presently silent mobiles if they are being called.
In addition, the calling channel also carries information

_ about the status of the cell and immediate neighboring

20 cells. The calling channel's CDMA signal according to
the present invention has a fixed phase relationéhip with
the traffic signals that may be used by mobiles in
conversation to facilitate decoding of their signals.

Background of the Invention

25 The cellular telephone industry has made
phenomenal strides in commercial operations in the United
States as well as the rest of the world. Growth in major
metropolitan areas has far exceeded expectations and is
outstripping system capacity. If this trend continues,

30 the effect of rapid growth will soon reach even the
smaller markets. Innovative solutions are required to

meet these increasing capacity needs as well as to

maintain high quality service and to avoid rising prices. -
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signals that nmay be used by nobiles in cengersation to faC|I|tate decodi ng
of their signals. Background of the Invention 25 The cel I ul ar
t el ephone industry has made phenonmenal strides in comercial operations in
the United States as well as the rest of the world. G owh in major
metropol i tan areas has fEhrenghedtdtespeeridi onseakuppstantssteppiing system

capacity. If téu_-fahﬁiﬁd fge&ineug§ t8%hangbersh’ 8 519% £8Phdggraat h wil |
soon reach even t er ets. I nnovative so utidns are’required to
transmission. Equally important is the choice of an
effective digital transmission scheme for implementing
5 the next generation of cellular technology. Furthermore,
it is widely believed that the first generation of
personal communication networks (PCN), (employing low
cost, pocket-size, cordless telephones that can be
carried comfortably and used to make or receive call in
10 the home, office, street, car, etc.), will be provided by
the cellular carriers using the next generation digital
cellular system infrastructure and the cellular
frequencies.
A key feature demanded in these new system is
15 increased traffic capacity. Currently, cellular mobile
telephone systems divide a region to be covered into
cells. The modulation system used in current cellular
radio systems is called Frequency Division Multiple
Access (FDMA), in which each cell is allocated a set of
20 frequencies which are different from the frequencies used
in neighboring cells. Each frequency in the FDMA system
only carries one conversation, and therefore the reuse of
a frequency in another cell is only permitted when it is
a sufficient distance away from the first cell so that
25 interference does not occur. In FDMA cellular systems,
one frequency per cell is dedicated to be a so-called
calling channel. The frequency of the calling channel is
the frequency a mobile monitors when the mobile station
is in an idle condition, and is used by the network to
30 call mobiles when a conversation is originated by the
network. A corresponding uplink frequency (mobile to
base) is available for use by the mobile to originate
calls. The FDMA calling channel also carfies information
about neighboring cells' calling channel frequencies and
35 also identifies the cell in the network.
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transm ssion.. Egually inportant is the choice of an eff
transm ssion schene for inplenmenting 5 t he next ge [ | ul ar
technology. Furthernore, it is wdely bel3 eved that th eneration
of personal communication networks (PCN), (enploying |ow cost, pocket-size,
cordl ess tel ephones that can be carried confortably and used to make or
receive call in 10 t he home, office, street, car, etc.), wll be
provi ded by In the United States and Europe, time division
multiple access (TDMA) is about to be introduced for the
provision of cellular mobile telephone services. In the
United States' system, the FDMA calling channel is
5 retained as the method by which calls are initiated. 1In

the European GSM system, the TDMA format provides eight

time slots on each 200 kHz-wide frequency channel. One
of these eight time slots on one of the frequency
channels of each cell is designated as a calling channel.
10 The information carried on the TDMA callirng channel
includes TDMA synchronization information, details about

surrounding cells and calls to specific mobiles.

summary of the Invention

The present invention relates to the provision
15 of a calling channel in a CDMA system. The CDMA system
differs from the TDMA and FDMA systems in that several
signals overlap in both the time domain and the frequency
domain. According to the present invention, the calling
channel is chosen to be the strongest overlapping signal
20 so that it reaches mobiles which are located on the
cells' extreme boundaries. The interference other
signals experience because they overlap with the calling
channel may be avoided by having the mobiles first
demodulate the calling channel signal and then subtract
25 it out before demodulating their own signals.

In contrast with the FDMA and TDMA systems, the
inventive CDMA system permits mobiles to read the calling
channel at the same time as decoding their own
communication signals. Moreover, the calling channels

30 for neighboring base stations can directly share the same
frequency by means of a different spreading code, so that
a mobile can also detect the strength of neighboring base
stations and read their calling channels without changing
frequency. In FDMA systems, a mobile cénnot receive a
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idle time slots, which requires a fast swii. hing
synthesizer. The inventive CDMA system pe—-:its mobiles
to detect the calling channels of its own k:=se station

and surrounding base stations even during & —conversation,

without needing to change fredquencies.

Brief Description of the Drawi '-s

The present invention will now be described in

more detail with reference to preferred embodiments of
the invention, given only by way of example, and
illustrated in the accompanying drawings, in which:

Fig. 1 illustrates a portion of a cellular
mobile radio system having cells, a mobile switching
center, base stations and mobile stations;

Fig. 2 illustrates the general arrangehent of
one implementation of a base station transmitting
apparatus according to the present inventi:-:;

_ Fig. 3 illustrates the combinatioc: of several
signals at a base station:

Fig. 4 illustrates a block diagrz~ of digital
signal generation;

Fig. 5 illustrates a block diagram of the
general arrangement of a receiver in a mobile station
according to the present invention;

- Fig. 6 illustrates a block diagran of a
preferred embodiment of a base station; anad

Fig. 7 illustrates a block diagr:z of a

preferred embodiment of a receiver in a mobile station.
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calling channel also carries information.agout neigh
channel frequencies and 35 also identifies the cell in the net wor K.
In the United States and Europe, tine division multiple access (TDVA) is
about to be introduced for the provision of cellular nobile tel ephone
services. In the Upetadl8d pescripttion ofheheDprefarred) BExitrnhiaientss

While the following description is in the
context of a cellular communication systems involving
portable or mobile radio telephones and/or personal

5 .communication networks, it will be understood by those
skilled in the art that the present invention may be
applied to other communication applications.

Fig. 1 illustrates ten cells C1-Cl10, in a
cellular mobile radio system. Normally a cellular mobile

10 radio system according to the present invention would be
implémented with more than ten cells. However, for the
purposes of simplicity, the preseht invention can be
explained using the simplified representation illustrated
in Fig. 1. For each cell, Cl1-C10, there is a base

15 station B1-B10 with the same reference number as the
corresponding cell. Fig. 1 illustrates the base stations
as situated in the vicinity of the cell's centef and
having omnidirectional antennas. The cells C1-Cl0 are,
therefore, schematically represented as hexagons. The

20 base stations of adjacent cells may, however, be co-
located in the vicinity of cell borders and have
directional antennas as is well known to those skilled in
the art.

Fig. 1 also illustrates nine mobile stations

25 M1-M9, moveable within a cell and from one cell to
another. In a typical cellular radio system, there would
normally be more ﬁhan nine cellular mobile stations. In
fact, there are typically many times the number of mobile
stations as there are base stations. However, for the

30 purpose of explaining the invention, the reduced number
of mobile stations is sufficient.

Also illustrated in Fig. 1 is a mobile
switching center MSC. The mobile switching center MSC
illustrated in Fig. 1 is connected to all ten base

35 stations B1-B10 by cables. The mobile switching center
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All cables from the mobile switching center MSC to the

base stations B1-B10 and cables to the fixed network are

not illustrated.

In addition to the mobile switching center MSC
illustrated, there may be another mobile switching center
connected by cables to base stations other than those
illustrated in Fig. 1. Instead of cables, other means,
for example, fixed radio links may be used for connecting
base stations B1-B10 to the mobile switching center MSC.
The mobile switching center MSC, the base stations B1-B1l0
and the mobile stations M1-M9 are all computer
controlled.

Fig. 2 illustrates the general arrangement of
one implementation of a base station which contains
transmitting apparatus according to the present
invention. A modulation generator 21 accepts digital
data which is to be transmitted on a calling channel.

The modulation generator 21 uses a combination of error
correction and spread spectrum coding to give the signal
a higher bit rate stream for transmission. The
modulation generator 21 then converts the signal to I, Q
waveforms that are applied through low-pass filters 23 to
balanced modulators 24 along with sine and cosine carrier
signals at an'appropriate intermediate frequency. A
symbol at the higher, spread spectrum bit rate, is called
a chip. Chips can be modulated onto a radio frequency
carrier using an appropriate and well known modulation
technique. Various modulation techniques are well known
and include quadrature phase shift keying, offset
quadrature phase shift keying, quadrature amplitude
modulation and offset quadrature amplitude modulation.
For example, even chips can be applied to an I channel
and odd chips can be applied to a Q channel to create
QPSK modulation. If chip timing is offset by one chip



cells' extrene boundaries. The interference other signal s experience ——

because they overlap with the calling channel

nobil es first denodul ate the calling channel S|gnal'a
it out befaore,denodul ating their own signals. In contr

TDVA syst ens,

the inventive CDVA systempermts nDblles

channel at the sane tinme as decodi ng t hekr 7own connunlcatlon S|gnals
Mor eover, the calling channels 30 for nei ghboring base stations can
directly share the sane frequency by neans of a different spreadi ng code,
so that a nobile can also detect the strength of neighboring base stations
and read thei pecdldd rptoreemeiise W tanuditQ cthmgnels f refieet QPSR FBVA
systens, a nohileiegnnot receive a

10

15

20

25

30

35

Each traffic channel has a similar I,Q
modulation generator 22 driven by traffic data bits. The
modulated sine and cosine waves are added in summing
network 25. The signal from the calling channel summing
network 25 is applied directly to the input of an overall
summing network 27 while each traffic signal is first
reduced by a factor of Al, A2, A3 . . . in attenuators or

-variable gain devices 26 before being applied to the

overall summing network 27. The sum of the calling
channel and the weighted traffic signal from summing
network 27 are then up4converted in mixer 28 using a
suitable local oscillator frequency from a frequency
synthesiéer 29 and amplified up to a desired transmit
power level in a linear amplifier 30.

Each frequency used in the cell has a similar
arrangement. It is possible that the composite signals
from two or more mixers 38 that are up-converted to
different frequencies can be summed in a further summing
network 31 and applied to a common transmit power
amplifier 32 as illustrated in Fig. 3. The outputs from
several power amplifiers 32 which have sufficiently
separated frequencies can be further combined in a multi-
coupler unit 33 and sent to a common antenna 34. As a
result, the addition of still further cell capacity would
need a number of separate antennas.

Fig. 4 illustrates an alternative
implementation of the present invention that performs
weighting of the signals digitally before D to A
conversion and application to a common I,Q modulator. A
digital signal processing unit 40 accepts a number of
traffic data streams in addition to a calling channel
data stream and numerically generates waveform samples
corresponding to the desired I,Q modulation. Each
traffic signal I,Q waveform sample is then weighted by

may be av0|ded b haV|ng the

and
Ilng
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~4- signal from a neighboring base station at the sane tinme it 15 receiving
traffic signals. |In TDVA systens, this can only be doﬂ“bxs ett}heBéEﬁhbﬂl&ed
changi ng frequency during idle time sl ots, which reqU|r hlng
5 synt hesi zer,. The inventive CDVA systenlpernlts t t he
calling channels of its own base station and surroundlng ase even
during a conversation, wthout needi ng to-cBarnge frequencies. Brlef
Description of the EXamAngs 10 The present invention will now
be described in nore detail with reference to preferred enbodi nents of the
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signal before being added to the calling channel I,Q
samples. The sum is then outputted from the digital
signal processing unit to an "I"™ D to A convertor 41 and
a "Q" D to A converter 41. The output signals from the D
to A converters 41 are low-pass filtered in filter 42 to
interpolate the signal between the samples, '
reconstructing continuous waveforms to drive the
sine/cosine modulator 43. The outputs from the
sine/cosine modulators 43 are then summed in summing
network 44 and then up-converted in mixer 45 to the
selected transmission frequency. A linear transmitter
power amplifier 46 raises the power level to the desired
level for transmission.

In the present invention, the levels of each
traffic signal in the composite sum-signal are
independently controlled by adjusting the weighting
factors Al, A2, A3 . . . which are set according to the
distance between the mobile station and the base station.
More specifically, a preferred implementation of the
present invention employs a duplex power control system
in which the base station increases the power transmitted
to a mobile if the signal received by the base station is
too weak, and reduces the weighting factor in order to
reduce the powér transmitted to the mobile if the signal
from the mobile station is too strong. A duplex power
control system is disclosed in "Duplex Power Control",
U.S. Patent Application No. 866,554, filed April 10,
1992,'and is incorporated herein by reference.

The mobile receiver block diagram for use in
the present invention is illustrated in Fig. 5. A
receiver S0 amplifies, filters and down-converts a
received signal received on a selected frequency channel
before A to D converting its complex vector components.
The digitized complex vector components are applied to a
bank of correlators 51 along with signalls produced by a
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surrounding base stations. The correlators 51 extract
the underlying information modulated on each CDMA signal
5 and transfer the information from detected calling

channels to a control processor 53. The control
processor 53 can include means such as an error
correction decoder to reducé the incidence of bit errors
caused by noise. Traffic data extracted by the

10 correlator 51 for the traffic channel can be used in for
example, a digital speech decoder.

The data from detected calling channels, along
with signal strength information about each signal is
used by the control processor 53 to ascertain the codes

15 of other surrounding base stations, and to program the
code generator to search for new base stations when
appropriate. The control processor can also determine
whether the base station currently in use is_the best
base station or whether a stronger base station is

20 available. 1In this case, a handover to the strongesf
base station as indicated by the relative'signal strength
of its calling channel signal can be requested.

In another embodiment of the present invention,
the calling channels of all base stations use the same

25 CDMA codes and are synchronous. Because of different
distances between different base sﬁations and a selected
mobile station, the signals might not be synchronous at
the mobile but rather delayed by one or more chips. 1In
this case, the composite signal appears to the mobile as

30 being a single signal with a delayed echo. A RAKE
receiver may then be employed to decode the composite
signal. A suitable RAKE receiver is described in U.S.
Patent Application Serial No. 857,433, filed on March 25,
1992, for "Rake Receiver with Selective Ray Combining",

35 which is expressly incorporated here by reference.
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present invention nmay be applied to other connunlcatlon “} lFlg
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a cellular nobile 10 radi o system according to the present i nvention
woul d be inplenmented with nore than ten cells. However, for the purposes of

simplicity, the present invention can be
In the preferred embodiment of the present
invention, the calling channel signal from a base station
has a fixed phase relationship with the traffic signal
for a mobile station. The phase of the traffic channel
5 signals relative to the calling channel is thus
- deliberately fixed at either 0, 90, 180 or 270 degrees.
The preferred relative phase between traffic and calling
channels, wherein the traffic signals are put in an
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ordered list according to their signal strength,

10 alternates between 0 and 90°. For example, the strongest
signal is the calling channel and it is treated as the
phase reference and is considered to have a phase of 0°.
The traffic channel which is the next strongest channel

_ is then set to 90°. Using QPSK modulation, this is

15 accomplished by interchanging the I and Q signals
produced by the modulation generator. The traffic
channel which has the third strongest signal is then set
to 0° again and so on. The purpose of this preferred
arrangement is to reduce mutual interference between

20 signals.

The fixed phase relationship may be exploited
by the mobile to improve decoding of the mobile's traffic
signal. Since the calling channel has the strongest
signal strength, it is decoded first by the mobile and

25 its phase can be determined. The phase may then be used
as a coherent reference for demodulating the traffic
signal. More particularly, a RAKE receiver can decode
signals that suffer from delayed echoes by correlating
various time shifts of the received signal with the code

30 of the signal} Each correlation produéés a complex
number corresbonding to the phase and amplitude of the
echo of that delay. Information on the phase and
amplitude of each echo found during demodulation of the
calling channel may then be applied to effect coherent

35 combination of the energy in different echoes for traffic
signal demodulation.
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calling channel, has a specific format to enable idle
mobiles to predict when messages addressed to them are

5 likely to be broadcast. As a result, a mobile can enter
a power saving mode at other times when reception is not
needed. |

The calling channel transmission has a

multiplexed data format which is divided into data blocks

10 of roughly 20 millisecond durations. The duration of
data blocks is deliberately made to equal the duration of
the analysis period of the digital speech encoder used
for sending speech on the traffic channels. The 20 ms
data blocks are further sub-multiplexed between common

15 data broadcasts for all mobile stations and data
addressed to limited subgroups of mobiles. The subgroup
to which a mobile station belongs is determined by the
mobile stations mobile identification code. For example,
10 subgroups could be defined by using the last decimal

20 digital of the telephone number of the mobile station as
the mobile identification code. The calling channel
format would then consist of 20 ms of common data
transmission, followed by 20 ms of data transmission to a
mobile phone with a number ending in zero, followed by a

25 20 ms transmission to a phone ending in 1, and so on. As
a result, the whole format repeats every 220 ms. When
the network initiates a call to a mobile station, it
places the message in the corresponding block. As a
result, a mobile station knows that it only needs to

30 listgn for calls in its assigned 20 ms time slot out of
the 220 ms cycle, and thus may enter a power saving mode
for approximately 90% of the time.

In addition, the present invention, by virtue

of setting the duration of the calling channel data block

35 equal to the duration of tﬁe speech coder analysis
period, has the further advantage that speech data frame



stations as there are base stations. However, for the 30 pur pose of
expl aining the invention, the reduced nunber of nobile stations is
sufficient. Also illustrated in Fig. 1 is a nobile sw tThiSng:t HaHe&f R

The nmobile switching center MSC illustrated in Fig. 1. is |
ten base 35 stations Bl-B10 by cables. The nobiles
-6- MSC is also connected by cables to a_fixed public s I one

network or simlar fixed network. Al cabl &S fromthe nobile swtching
center MSC to the base stations B1-B10 and cables to the fi xed network are
5 not illustrated.

synchronization is already available in the mobile
station at call setup by simply monitoring the calling

channel.
Another embodiment of the present invention is
5 illustrated in Fig. 6. Data bits for each traffic signal
or the calling channel are grouped into groups of seven
and applied to a 128 bit orthogonal Walsh code generator
60. The Walsh code generator 60 produces a sequence of
128 output bits that are bit-wise exclusive~ORed in XOR
10 gate 61 with a scrambling bit sequence unique to each
signal. The scrambled Walsh code sequence then
determines by means of sign-changer 62 whether the
constant a(i), being the desired amplitude of signal i,
is added or subtracted from one of the accumulators 64.
15 A switch 63 determines which accumulator the constant
a(i) is added or subtracted from. In principle for an
even “i", the switch 63 is operated so that even-numbered
scrambled Walsh code bits cause the constant a(i) to be
. routed to the I accumulator while odd-numbered bits cause
20 the constant a(i) to be routed to the Q0 accumulator. On
the other hand, the reverse applies for an odd "“I".
However, there is a need to modify this regular
alternating order on occasions, as will be further
described below, so that in practice the switch 63 is
25 steered by a controlled bit stream which indicates
whether the signal has a zero or 90° relative phase.
The processor accumulates the wvalues over all
signals one Walsh code word bit at a time and then the
"I" and "Q" accumulator contents are outputted to a pair .
30 of digital to analog converters 65. Theé accumulators 64
are then cleared of the values accumulated for all '
signals and the next Walsh code word bits are
accumulated, and so on. As a result, the D to A
converters 65 receive a new value for each Walsh code
35 bit, and a particular signal affects the I and Q values
on alternate bits. The output signals from the "I"™ and



I addition to the mobile switching center MSCillustrated, there may be

anot her nobile switching center connected by cables to base stations other
than those illustrated in Fig. 1. Instead of cables, othefhiJ8hedtSas Belh Replaced
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B1-B10 to the nobile switching center MSC. The nobile swt
the base stations B1-B10 and the nnbile,s[gy{ ns M-M are
controlled. 15 Fig. 2 illustrates the general arrangenent of
one inplenmentation of a base station which contains transmtting apparatus
according to the present invention. A nodul ation generator 21 accepts

digital data Wni.r({a. i$ 49 Decds 114 g 0@ £ L1 €QSCE§meeked29nd The

modul ation generator 21 uses_ a conbl nation of err correction and spread
spect rum codi ng aRPied thesSingf@Psine modulators.

The preferred modulation used in this

embodiment is not conventional OQPSK modulation, but

5 rather a variation thereof called impulse excited OQPSK
or impulse excited offsite quadrature amplitude
modulation (OQAM). The differerice between the two forms
of modulation is that a bit polarity is not represented
by a constant plus or minus value, but rather by a

10 positive or negative impulse which is used to shock

. excite the I or Q low-pass filter. The time during which

the waveform generated for a bit effects the transmitted
signal is limited to the duration of the impulse response
of the low-pass filters. If the duration is several ‘

15 symbols long, say five bits, the waveform at any instant
is due to the superimposition of five delayed impulse
responses which have the polarities of the symbols in
question. As a result, there are only two to the power
of 5 possible waveforms over a bit interval, which

20 corresponds to all possible polarity combinations the
five symbols can take on. A preferfed implementation of
the present invention is to predetermine points on these
waveforms for each combination and to store them in a
memory. For every I or Q symbol period, one of these

25 stored waveforms is then selected from the memory
according to the five previous symbol polarities and the
waveform is outputted point-by-point to the A to D
converters. Typically, eight points over each symbol
periocd might be used to generate a smooth waveform that

30 does not need a lot of low-pass filtering after the D to
A conyersion.

The base station signal generator described
above produces the sum of a calling channel code word
with a weight of_l with several traffic channel code

35 words of progressiveiy lower amplitude weighting and a
nominally alternating phase relative to the calling



-"a higher bit rate streamfor transmni ssion. The nodul ati on generator 21 then
converts the signal to I, Qwaveforns that are applied through Iomfpass
filters 23 to 25 bal anced nodul ators 24 al ong Wi t hTis Sheet ARBEPRpR
carrier si,gnalg at an appropriate internedi ate frequenc

hi gher, spread spectrumbit rate, is called a chip. Chi ﬁHMﬂgw '\
onto a radio frequency carrier using an.appropriate and

nodul ati on 30 techni que. Various nodul ation techniques are well known
and include quadrature phase shift keying, offset quadrature phase shift
keyi ng, quadrature anplitude nodul ati on and of fset quadrature anplitude
modul at i on. IﬁuaﬁnéﬂwwhacnvsDtehhaSe@aneb@eéﬁpbi8ﬂdt@0an | Bebansel tBE
e o e e e bl £flude oSG 20P nd CcBhgeh e ETY) BAY! 81baRy !

chip timng i's
being modified by the base station master controller to

_ adapt to varying mobile station distances, the ordered
5 list of signal-strengths can suddenly change as two

the
at ed

signal levels cross over. This could mean that the zero
or 90 degree phase of a signal could suddenly and
unexpectedly change. To prevent such an occurrence, the
occasions on which the phase of a traffic signal is

10 permitted change are limited to once per block of 42
Walsh code words per signal. At the beginning of such a
block, which corresponds to a 20 ms speech coder analysis
frame, the desired phasing of the signal for the whole
block is determined from its position. The appropriate

15 bit is then set in the control bit stream by switch 63 to
select the phase for that signal. The same phase is used
for a complete block of 42 transmitted code words. The
first two code words transmitted in a block of 42 Walsh
code words do not carry traffic data but rather they

20 carry control data from the mobile station. The code
word transmitted on these two occasions is limited to
indicating whether the base station will transmit the
remaining 40 code words or not. The mobile is able to
detect these special code words regardless of phase, and

25 the mobile station can determine the phase expected for
the remaining 40 code words in the block.

A preferred mobile station receiver for
receiving signals produced by the above described base
station signal generator is illustrated in Fig. 7. The

30 . receiver receives an input signal from an antenna,
suitably filters, amplifies and down-converts it before
sampling the signal and digitalizing the signals complex
vector components with the aid of an A to D converter.
The digitized complex samples are collected in a buffer

35 memory 71 until the next block of 128 new samples is
ready for proces;ing. The control processor 80 provides



.7 period between the | and Q channels, offset QPSK is created. Each traffic
channel has a simlar |,Q nodul ati on generator 22 driverbytraffircdata
bits. The 5 modul ated sine and cosine waves are added J4n, sum laced
network 25, The, signal fromthe calling channel sunm ng y 1 g
applied directly to the input of an overall summ ng net ﬂ 4& ch
traffic signal is first reduced by a factor. of A, A2, A Bl
attenuators or 10 vari abl e gai n devicd® Z6 before being applied to the
overall summ ng network 27. The sum of the calling channel and the wei ghted
traffic signal fromsumm ng network 27 are then up-converted in mxer 28
using a

128 bit scrambling words for each signal that is to be
demodulated in turn. The scrambling word is used to
descramble the contents. of the buffer memory by changing
the signals of the real and imaginary parts by one or
5 zero using a number of sign changers 42. A set of 128
complex samples, descrambled with the scrambling mask of
a desired signal to be demodulated is passed to the fast
Walsh transform computer 74. The selection and use
scrambling masks is described in co-pending, commonly
10 assigned U.S. Patent Application Serial No. 866,865,
filed on April 10, 1992, for "Multiple Access Coding for
Mobile Radio Communications", which is expressly
incorporated here by reference.

The fast Walsh transform computer 74 calculates

15 correlations with all possible 128 orthogonal Walsh-
Hadamard code words. A suitable fast Walsh transform
computer is described in U.S. Patent Application Serial
No. 07/735,805, filed on July 25, 1991, which expressly
incorporated here by reference. The fast Walsh transform

20 computer 74 separately processes the real and imaginary
parts and the complex correlations are sent to the
weighting multipliers 77. All 128 complex values are
multiplied by the same complex weight which is supplied
from the control processor 80. The complex weight,

25 however, is varied according to the sample shift of the
buffer contents which are currently being processed.

Each signal, which is being descrambled, can be
processed using one or more shifts of the samples in the
buffer 71 and the weighted fast Walsh transform results

30 are accumulated for all such shifts in accumulators 78.
In order to process 128 signal samples using more than
one time shift of the signal, the buffer 71 needs to keep
some old samples from the previous block. For example,
to process a time shift, one sampled shift requires 127

35 new samples and one old sample; to produce a time shift



ssuitable local oscillator frequency froma frequency 15 synt hesi zer
and anplified up to a desired transmt power level in a I|near anpllfler
30. Each frequency used in the cell has a simlar arrafl cn lmmd

possi bl e that the conposite signals fromtwo or nmore m

up- conver ted to 20 di fferent frequencies can be su

summi ng network 31 and applied to a conmon transmt power anpllfler 32 as
illustrated in Fig. 3. The outputs from3se¥@ral power anplifiers 32 which

have sufficiently separated frequencies can be further conbined in a mul ti -
25 coupler unit 33 and sent to a conmon antenna 34. As a result, the

addition of still furt capaci t u nee r ar.atse
antennas. Fig.t WPl??TEi%%I%glgﬁe Y%?%%f?%eigﬁpP% ?ﬁ??gﬁ Sﬁhtﬁggbpggént
i nvention thatsfifgsI&s ’sand so on.

After accumulating all shifts, the accumulator

contents are processed in comparator 79 to determine the
5 largest value. This can either be the largest magnitude
or the largest algebraic value depending on the initial
setup of comparator 79. The 7 bit index of the largest
value is then routed to the central processor 80 and to
the blocking switches 76. The index selects one of the

10 128 complex signals to be replaced by zero at the input
to the inverse fast Walsh transform computer 75. The
complex value which is blocked from reaching the inverse
fast Walsh transform computer 75 is routed instead to the
control processor 80. The inverse fast Walsh transform

15 reconstructs a new set of signal samples wherein the
detected code word is removed. After rescrambling in
scrambler 73 using the same mask used in the descrambling
process, the new samples are placed back in the same
buffer locations. This process is carried out for all

20 sample buffer shifts used in the accumulation process, in
an order determined by the control processor. This
corresponds to the forecast strength of the correlation
on each shift in the order from strongest to weakest.

The block values for each shift that are returned to the

25 control processor are used by the control processor to
predict the order for the next 128 sample block. These
values are also used by the control processor to predict
the optimum weighting coefficients to be used for the
next block. ’

30 For the two special code wofdé that can only
take on one of two values, the weighting unit is
signalled by the control processor 80 to operate in a
slightly different manner. It can be controlled to
perform accumulations corresponding to the two code words

35 in question using either normal weights, or the weights
rotated through 90° or weights that are derived from the



.30 . wei ghting of the signals digitally before D to-A-conversion-and
application to a comon |, Q nodul ator. A digital signal_processing unjt 40

accepts a nunber of traffic data streans in addition t ohg S Srrc G7d|
data stream and nunerically generates waveform sanples 3 ndi ng
to the desired I, Q nodul ation. Each traffic signal |,Q rille is

t hen wei ghted by -8- multiplying the_§%ﬁpr wth a desired factor for
t hat signal before being added to the calI't'ng channel 1,Q sanples. The sum
Is then outputted fromthe digital signal processing unit to an "I" Dto A

convertor 41 and 5 a"Q Dto Aconverter 41. The output signals from
the D_ complex conjugates of the impulse signals themselves

which results in phase-independent non-coherent
detection. Depending on whether the normal weights or
the 90° rotated weights give the largest result, the
5 control processor 80 decides to use the same weights for
" the remaining 40 code words in a traffic frame.

The above process is carried out for each
signal transmitted by the base station in turn, starting
with the strongest signal, the calling channel, and

10 continuing in a descending order of predicted signal
strength at least until the traffic signal of the mobile
_is decoded. According to one aspect of the present
invention, the weighting coefficients provided by control
processor 80 for traffic signal processing are derived by

15 processing previous correlation values computed during
processing of received information. Specifically, the
weights of the coherent RAKE taps used for traffic
decoding are obtained from the decoding of the calling
channel by virtue of their deliberately arranged, and

20 known phase relationship.

Decoding may continue for signals of lower
strength in order to predict whith signals are about to
become larger than the desired signal. Decoding may also
include signals transmitted by other neighboring base

25 stations that, perhaps due to relative fading, are for
the moment larger than the desired signal. It will be
understood that the specific values of the 128 bit Walsh
codes and 42 code words per traffic frame of the
preferred embodiment are not meant to be limiting

30 factors, but that any person of appropriate skill in the
art can dimension systems for particular communication
needs using other parameters while still being completely
within the scope and intent of the present invention.

While a particular embodiment of the present

35 invention has been described and illustrated, it should
be understood that the invention is not limited thereto



‘to A converters 41 are lowpass filtered in filter 42 to interpolate the
si gnal between the sanples, reconstructing continuous waveforns to drive
t he si ne/cosine nodul ator 43. The outputs fromthe 10 si ne/ cosi ne
nodul at ors .43 age then-sumed in sunm ng network 44 and then up-converted
in mxer 45 to the selected transm.ssion frequency. A linear transmtter
power anplifier 46 raises the power |evel jg the desired | evel for

transm ssion. 15 In the present invention, the |evels of each
traffic signal in the conposite sumsignal are independently controlled by
adjusting the weighting factors Al, A2, A3 . . . which are set according to

the distance [einuee mddief ivdi ienstmiy doe andtié ey pemesaositskonlléd in thbre
sectiically. r ohid S LIMETRH ALl LG BhFRFLs | TG bhanatEP! oS 2

dupl ex pomer C
modlflcatlons that fall within the spirit and scope of

the underlying invention disclosed and claimed herein.

Thls Sheet Has Been Rei




in mhlch the base station increases the power transn1tt9d to a nobile if

t he signal recelved—by—%he—ba&e—s%a%|on is too weak, ‘and reduces the

wei ghting factor reduce the power t

mobile if the sig e fle station is too st“"lM"I"ﬂ'lHlW“Nwer
control systen1|s | pl ex Power Control™, U S Pateénts =

Appl i cation hb 86 ril 107 1892, and is incorporated herein
by reference. The nobi | e recei ver bl ock diagramfor use in
t he present inventlon is illustrated in Fig. 5. Areceiver 50 anplifies,
filters and domn# gnverts a received signal .received on a sel ected

frequency chathefMBéfore A to D converting its conpl ex vector conponents.
35 The digitized conpl ex vector conponents are applied to a bank of

correlators 51 along mn&h S'in% ethB4° %e%rg%s%itting control and user
traffic data from a first base station to a plurality of
mobile stations in a code division multiple access

5 communication system comprising the steps of:
coding control information using a spread
spectrum code unique to control information to form a
calling channel signal;
coding each user traffic signal using a spread
10 spectrum code unique to each traffic signal:
adding said calling channel signal and said
coded traffic signal using predetermined weighting
factors to obtain a composite signal;
‘modulating said composite signal on a radio

15 frequency carrier;

transmitting said radio frequency signal to
said plurality of said mobile stations:

receiving said radio frequency signal at at
least one of said mobile stations; '

20 - processing said received signal in said mobile
station to extract said control information wherein said
control information is used by said mobile station to
determine if said mobile station is being called; and

processing said radio frequency signal in said

25 mobile station to extract traffic information intended
for said mobile station.

2. A method for transmitting control and user
data accofding to claim 1, wherein said spread spectrum
coding is orthogonal block encoding using scrambled

30  Walsh-Hadamard codewords.

3. A method for transmitting control and user
data according to claim 1, wherein said coded control
signal is the largest signal in said composite signal.



-9- local code generator 52 corresponding to the trafflc channel code and
cal ling channel codes of its own and surroundi ng base stations. The ———

correlators 51 extract the underlying information nodul #hieShe®MaERGHR
signal 5  ang transfer the information fron1detected S
a control processor 53. The control processor 53 can i ncl ﬂ'[!”mm ﬁ\/ﬁ
an error correction decoder to reduce tHe 4%cidence of bi d by

noi se. Traffic data extracted by the 10 correlator 51 for the traffic
channel can be used in for exanple, a digital speech decoder. The data from

detected calling channel g, eu&wEhgﬂéélfgpngéaggﬁf{@gﬁbié%ﬁ{P@iiQﬂdaﬁga}

each signal is _ _ ] ]
data according to claim 1, wherein specific relative

phase of the signals within said composite signal
alternate 90° when ordered by signal strength.

5 5. A method for transmitting control and user
data according to claim 1, wherein said modulation is by
quadrature phase shift keying.

6. A method for transmitting control ‘and user
data according to claim 1, in which said modulation is by
10 offset quadrature phase shift keying.

7. A method for transmitting control and user
data according to claim 1, in which said modulation is by
quadrature amplitude modulation. '

B. A method for transmitting control and user
15 data according to claim 1, in which said modulation is by
offset quadrature amplitude modulation.

9. A method for transmitting control and user
data according to claim 1, wherein said processing in
said mobile station is carried out using a fast Walsh

20 transform computer.

10. A method for transmitting control and user
data according to claim 1, wherein said processing in
said mobile station includes subtraction of a decoded
control signal prior to the decoding of traffic

25 information.

"11. A method for transmitting control and user
data éccording to claim 1, wherein said control
information includes information about surrounding base

stations. .
I

N ) L



.'used by the control processor 53 to ascertain the codes 15 of ot her
surroundi ng base stations, and to programthe code generator to search-for
new base stations when appropriate. The control processor can al so

determne whether the base station currently in use isrhis Been-Replaced
station or*whether a stronger base station is 20 ‘av hi s
case, a handover to the strongest base statien as indic ative

signal strength of its calling channel signal can be:requested. In another
enbodi ment of the present invention, the calling channels of all base
stations use the same 25 - CDMA codes and are synchronous. —Because of-
di fferent distances beta@en & fedheodt fioas &remsmigid ngnFontddle AH YR | €
SO0 e SLORALECREATnSUo LM G WRRISIA Sdie Eehidhbul 1 al her

del ayed by oné or nore ¢ . hi's case, the conposit.e .signal appgars to
the nobil e asinformation carries information for a specific Yroup

mobile station only at predetermined times.

5 13. A method for transmitting control and user
data according to claim 12, wherein said predetermined
times depend a mobile identification number for each of
said mobile stations.

14. A method for transmitting control and user
10 data according to claim 12, wherein said mobile station
| reduces processing to conserve power at times other that

- said predetermined times.

15. A method for transmitting control and user
data according to claim 1, wherein said processing in
15 said mobile station uses a non-coherent RAKE receiver.

16. A method for transmitting control and user
data according to claim 1, wherein said processing in
said mobile station uses a coherent RAKE receiver.

17. A method for transmitting control and user.
20 data according to claim 16, wherein coefficients for RAKE
tap weighting used during traffic signal decoding are
derived from correlations calculated during calling

channel decoding.

18. A method for transmitting control and user
25 data according to claim 1, wherein said mobile stations
receive more than one base station signal on the same

frequency.

19. A method for transmitting control and user
data according to claim 18, wherein said mobile stations

. * c L M S *




<30 being a single signal with a delayed echo. A RAKE-L@G@L¥@L_nay_Lhen

be enpl oyed to decode the conposite signal. A suitable RAKE recerer

described in U S. Patent Application Serial No. 857, 433Thl
1992, for ‘Rake_Receiver with Selective Ray Cbnblnlng", I
expressly |ncorporated here by reference. -10- In the

enbodi ment of the present invention, thet%ﬂITng channel signal from a base
station has a fixed phase relationship with the traffic signal for a nobile
station. The phase of the traffic channel. signals relative to the

calling channe] 'éeést‘“éaf’ﬂﬁg%ﬁémlféfggaf; bENG5rQ: +R0n 488 8ase70

degr ees.
statlon.

20. A method for transmitting control and user
data according to claim 18, wherein said mobile stations

5 - process traffic signals for more than one base station.

_ 21. A method for transmitting control and user
data according to claim 19, wherein said mobile stations
use relative calling channel signal strengths determined
by decoding different base station signals to ascertain

10 the'best base station to communication with.

22. A method for transmitting control and user
‘data according to claim 18, wherein each of said mobile
stations reports signal strengths determined by decoding
different base station signals to a base station
15 transmitting traffic for that mobile station.

23. A method for transmitting control and user
data according to claim 22, wherein a decision is made
based on said signal strength reports which base station
to use to transmit traffic to said mobile station.

20 24. An apparatus for transmitting control and
user traffic data from a first base station to a
plurality of mobile stations in a code division multiple
access communication system comprising:

first coding means for coding control

25 information using a spread spectrum code unique to
control information to form a calling channel signal;

. a second coding means for coding each user
traffic signal using a spread spectrum code unique to
each traffic signal;

A



‘The preferred refative phase between traffic and calling channels, wherein
the traffic signals are put in an ordered |list according to their signal
strength, 10 alternates between 0 and [err] For exﬁhpﬂe w&mqumm
signal is the cglling channel and it is treated as the p and
I's considered to have a phase of [err] 3trafflc chan

next 'strongest channel is then set to [err? g QPSK no u atlon S
15 acconpl i shed by interchanging the I and Q S|gnals pr oduced by the
nodul ati on generator. The traffic channel which has the third strongest

signal is then set to [eg{hna82bA ABAnSO£6E- a&ﬁgnaUéaQaEcaflltlmgs d@fa@i‘rﬁlr ed
arrangenment is to reduce nutual interference between ﬁ &nals

fixed phase re$igndhsANg ﬁﬁ}db€°gﬁﬁlBFnglﬁysﬁﬁBaﬁDBFFBgtBr
of the nobil e geightihg factors to obtain a composite signal:

modulation means for modulating said composite

dlng

5 signal on a radio frequency carrier;
transmitting means for transmitting said radio
. frequency signal to said plurality of said mobile
stations;
receiving means for receiving said radio
10 frequency signal at at least one of said mobile stations;
processing means for processing said received
signal at said mobile station to extract said control
information, wherein said control information is used by
said mobile station to determine if said mobile station
15 is being called; and
second processing means for processing said
radio frequency signal in said mobile station to extract
traffic information intended for said mobile station.

25. An apparatus according to claim 24,
20 wherein said second processing means includes extraction
of a control signal prior to the decoding of traffic
information.

26. An apparatus according to claim 24,
wherein said second processing means uses a non-coherent
25 RAKE receiver.

27. An. apparatus according to claim 24,
wherein said second processing means uses a coherent RAKE

receiver.

28. An apparatus according to claim 27,
30 wherein coefficients for RAKE tap weighting used during
traffic signal decoding are derived from correlations

calculated during calling channel decoding. ﬂ_ﬂ’_f_ﬂ__,—;-—~"

L
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. denodul ati on

“signal . Sindé'gﬁg“calling channel- has the strongest signal strength, it is
decoded first by the nobile and 25 Its phase can be determ ned. The
phase may then be used as a coherent reference for denodulating the traffic
si gnal . re particularly, a RAKE receiver can decode signals that suffer
from del ayed e&ioes by correlating varigu§4the shifts of the received
signal with the code 30 of the signal.”" Each correl ation produces a
conpl ex nunmber corresponding to the phase and anplitude of the echo of that
delay. Information on the phase and anplitude of each echo found during
denodul ati on of ‘the calling channel may then be applied to effect coherent

35 conbi nati on of the eneggy In different echoes for traffic signal
STRACT OF THE DISCLOSURE

A Code Division Multiple Access (CDMA)
communication system which contains a calling channel
which is used to inform silent mobiles that they are

5 being called. 1In the system, the calling channel is
chosen to be the strongest overlapping signal so that it
reaches mobiles which are located on the cells extreme
boundaries. The interference other signals experience
because the§ overlap with the calling channel may be

10 avoided by having the mobiles first demodulate the
calling channel signal and then subtract it out before
demodulating their own signal.

-_—
This Sheet Has Been

LT
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nmode gt fﬂmﬁwﬁln9§%ﬁﬁe - ke pegd on .
transn135|on has a mul ti pl exed data

t he present

the format of
has . a speC|f|c f or mat. to

I nventi on,
I ng channel,

messages add themare 5
', a nobile chjEﬁ EE V|ng
s not needed a eP'

foryat whi-ch i.s d|V|ded |nto dat a

bl ock JIQATE OP'RECEIT ... ZMW‘{I i'sefon i~ durations. The duration of data
bl ocks—Ts—detTberatetymEde—t0 = -the-duration of the analysis period of.
the digital speech enamxinIn ariANNELS aBdicogasperetw ITAT TUNS EafsfiEr channel s.

The 20 ns data bl ocks are further sub-nultiplexed between common

Field of the Invention

The invention relates to the use of Code
Division Multiple Access (CDMA) modulation in a mobile

place simultaneously in the same frequency channel.

telephone system to permit several conversations to take

..The "

fixed network side of the mobile telephone systen is

divided into cells to provide area coverage.

A base

station illuminates each cell with CDMA radio signals

10

overlapping in the same frequency channel.

that carry a number of different conversations

The power in

each overlapping signal is graded according to the

distance from the mobile it is serving.

The strongest of

the overlapping signals is reserved and used as a

15

broadcast channel to all mobiles, known as the calling
channel, for that cell.

The calling channel is used to

inform presently silent mobiles if they are being called.
In addition, the calling channel also carries information
about the status of the cell and immediate neighboring

20 cells.

The calling channel's CDMA signal according to

the present invention has a fixed phase relationship with
the traffic signals that may be used by mobiles in
conversation to facilitate decoding of their signals.

Background of the Invention-

25

The cellular telephone industry has made

phenomenal strides in commercial operations in the United

States as well as the rest of the world.

Growth in major

metropolitan areas has far exceeded expectations and is

outstripping system capacity.

30

smaller markets.

ALLAT "IIT'
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A
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26 JUL 1996

If this trend continues,

the effect of rapid growth will soon reach even the
Innovative solutions are required to
mﬁet these increasing capacity needs as well as to

Vi Hﬁ%&f}ntain high quality service and to avoid rising prices.



1% data broadcasts for all nobile stations and data addresspd o .
|'imted subgroups of mpbiles., The subgroup to whi ch tA BME 'ftSHEET

el ongs s determ ned by the nobi | e-stations nobile - e.
For exanpl e, 10 subgroups coul d be defi ned by using {he |ast eC| mal_
digital .of the tel ephone nunber of the nobile statioh hs2hdUkllbe

i dentification code. The calling channel To%nat woul-ff Lhen consi st. 0.ns

of conmon data transmi ssion, fol.l owed by 20-ns of daja transm ssion to a:
nobi | e phone with a nunber endl ng in zero, followed

transnission to a phone engi8gghdud, tﬁmm&qdononeA&mgofeéuttsté;beuwhol e
format repeats eve&¥ 220 ns V& et wor |n|t|a E gé %o a nobile
station, it plaGs H@rn§¥§§§@s|ﬁstﬁ%‘gﬁyﬁﬁﬁ o8 A ?30 ° QIR bsul't, a
m)bi |l e station It_rmmsmulsationt OBfyalhke diongart3mt is thet ehofoce chlam in |ts
assi gned 20 ns téf?%dikgﬁ 8%&1931 transmission scheme for implementing
5 the next generation of cellular technology. Furthermore,
it is widely believed that the first generation of
personal communication networks (PCN), (employing low

cost, pocket-size, cordless telephones that can be
carried comfortably and used to make or receive call in

10 the home, office, street, car, etc.), will be provided by
the cellular carriers using the next generation digital
cellular systen infrastructure and the cellular
frequencies.

A key feature demanded in these new system is

15 increased traffic capacity. Currently, cellular mobile
telephone systems divide a region to be covered into
cells. The modulation system used in current cellular
radio systems is called Frequency Division Multiple
Access (FDMA), in which each cell is allocated a set of

20 frequencies which are different from the frequencies used
in neighboring cells. Each frequency in theé FDMA systenm
only carries -one conversation, and therefore the reuse of
a frequency in another cell is only permitted when it is
a sufficient distance away from the first cell so that

25 interference does not occur. 1In FDMA cellular systems,
one frequency per cell is dedicated to be a so-called
calling channel. The frequency of the calling channel is
the frequency a mobile monitors when the mobile station
is in an idle condition, and is used by the network to

30 call mobiles when a conversation is originated by the
network. A corresponding uplink frequency (mobile to
base) is available for use by the mobile to origihate
calls. The FDMA calling channel also carries information
about neighboring cells' calling channel frequencies and

35 also identifies the cell in the network.. .



90% of the tine.
the- duration of the calling channel data bl'ock 35 -gqual to the dt
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" In the United States and Europe, time division
multiple access (TDMA) is about to be introduced for the
provision of cellular mobile telephone services. 1In the
United States' system, the FDMA calling channel is
retained as the method by which calls are initiated. 1In
the European GSM system, the TDMA format provides eight
time slots on each 200 kHz-wide frequency channel. One
of these eight time slots on one of the frequency

channels of each cell is designated as a calling channel.

The information carried on the TDMA calling channel
includes TDMA synchronization information, details about.
surrounding cells and calls to specific mobiles.

Summary of the Invention

The present invention relates to the provision
of a calling channel in a CDMA system. The CDMA system
differs from the TDMA and FDMA systems in that several
signals overlap in both the time domain and the frequency
domain. According to the present invention, the calling
channel is chosen to be the strongest overlapping signal
so that it reaches mobiles which are located on the
cells' extreme boundaries. The interference other
signals experience because they overlap with the calling
channel may be avoided by having the mobiles first
demodulate the calling channel signal and then subtract
it out before demodulating their own signals.

In contrast with the FDMA and TDMA sysfems, the
inventive CDMA system permits mobiles to read the calling
channel at the same time as decoding their own
communication signals. Moreover, the calling channels
for neighboring base stations can directly share the same

frequency by means of a different spreading code, so that

a mobile can also detect the strength of neighboring base

stations and read their calling channels without changing
frequency. In FDMA systems, a mobile cannot receive a

" oups:



and applied to a 128 bit orthogonal \alsh code generator 60. The Wil sh code
generator 60 produces-a sequence of 128 output bits that are bit-w se

éxcl usi ve-ORed in XOR 10 gate 61 with a scranbling bit sequence uni que .
to each si‘gnal. The.scranmbled Wil sh code sequence then det'ernines by ngans -
of sign- changer 62 whet her the constant ailé, bei ng the desired anpl i tude
of signal i, is added or subtracted f.romoné of- the accumul ators 64..°15
A-swi tch 63 det er ni nes whi ch. accunul ator. the constant a(i) is .added or.
subtracted from In principle for an even "i", the switch 63 is operated so

that even- nunbergdnaar 2¥bhed Wakghoepseg hise Gsd dnhatcenst ashe atinet o be
Constant a(1) 1 oa™ BGEEAvEES: REEr AECHRTI oo . Lot Tho SHEREPS habi™  ne
reverse appl i es daar oadyolie dptie mebhermobikﬁe?hﬁ?q}nﬂeﬁaeﬁéeﬁﬁﬁl$9r%¢ﬁs
regul ar jdle time slots, which requires a fast switching
5 synthesizer. The inventive CDMA system permits mobiles

to detect the calling channels of its own base station

and sﬁrrounding base stations even during a conversation,

without needing to change fredquencies.

Brief Description of the Drawiggs

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

Fig. 1 illustrates a portion of a cellular

15 mobile radio system having cells, a mobile switching
center, base stations and mobile stations;’

Fig. 2 illustrates the general arrangement of
one implementation of a base station transmitting
apparatus according to the present invention:

20 Fig. 3 illustrates the combination of several
signals at a base station:

Fig. 4 illustrates a block diagram of. digital
signal generation;

Fig. 5 illustrates a block diagram of the

25 general arrangement of a receiver in a mobile station

~according to the present invention; |

Fig. 6 illustrates a block diagram of a
preferred embodiment of a base station; and

Fig. 7 illustrates a block diagram of a

30 preferred embodiment of a receiver in a mobile station.
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alternating order on occasions, as will be further;
in practice the switch 63 is 25 . steered by a co
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While the following description is in the
context of a cellular communication systems involving
portable or mobile radio telephones and/or personal
communication networks, it will be understood by those
skilled in the art that the present invention may be
applied to other communication applications.

Fig. 1 illustrates ten cells C1-C1l0, in a
cellular mobile radio system. Normally a cellular mobile
radio system according to the present invention would be
implemented with more than ten cells. However, for the
purposes of simplicity, the present invention can be
explained using the simplified representation illustrated
in Fig. 1. For each cell, C1-Cl10, there is a base
station B1-B10 with the same reference number as the
corresponding cell. Fig. 1 illustrates the base stations’
as situated in the vicinity of the cell's center and
having omnidirectional antennas. The cells C1-Cl0 are,
therefore, schematically represented as hexagons. The
base stations of adjacent cells may, however, be co-
located in the wvicinity of cell borders and have
directional antennas as is well known to those skilled in
the art. :

Fig. 1 also illustrates nine mobile stations
M1-M9, moveable within a cell and from one cell to
another. In a typical cellular radio system, there would
normaily be more than nine cellular mobile stations. 1In
fact, there are typically many times the number of mobile
stations as there are base stations. However, for the
purpose of explaining the invention, the reduced number
of mobile stations is sufficient.

Also illustrated in Fig. 1 is a mobile
switching center MSC. The mobile switching center MSC
illustrated in Fig. 1 is connected to all ten base

stations B1-B1l0 by cables. The mobile switching center
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not ‘conventional OQPSK nodulation, but 5  rather-a yati Qﬁitﬁﬁ
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All cables from the mobile switching center MSC to the
base stations B1-B1l0 and cables to the fixed network are
not illustrated.

In addition to the mobile switching center MSC
illustrated, there may be another mobile swifching center
connected by cables to base stations other than those
illustrated in Fig. 1. Instead of cables, other means,
for example, fixed radio links may be used for connecting
base stations B1-B10 to the mobile switching center MSC.
The mobile switching center MSC, the base stations B1-B10
and the mobile stations M1-M9 are all computer
controlled.

Fig. 2 illustrates the general arrangement of
one implementation of a base station which contains
transmitting apparatus according to the present
invention. A modulation generator 21 accepts digital
data which is to be transmitted on a calling channel.

The modulation generator 21 uses a combination of error
correction and spread spectrum coding to give the signal
a higher bit rate stream for transmission. The

modulation generator 21 then converts the signal to I, Q

waveforms that are applied through low-pass filters 23 to

balanced modulators 24 along with sine and cosine carrier
signals at an appropriate intermediate frequency. A
symbol at the higher, spread spectrum bit rate, is called
a chip. Chips can be modulated onto a radio frequency
carrier using an appropriate and well known modulation
technique. Various modulation techniques are well known
and include quadrature phase shift keying, offset
quadrature phase shift keying, quadrature amplitude
modulation and offset quadrature amplitude modulation.
For example, even chips can be applied to an I channel
and odd chips can be applied to a Q channel to create
QPSK modulation. If chip timing is offset by one chip
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filtering afterm&@@l&%iéﬁ generator 22 driven by traffic data bits. The

5 modulated sine and cosine waves are added in summing

network 25. The signal from the calling channel summing
network 25 is applied directly to the input of an overall
summing network 27 while each traffic signal is first
reduced by a factor of Al, A2, A3 . . . in attenuators or

10 variable gain devices 26 before being applied to the

' overall summing network 27. The sum of the calling

channel and the weighted traffic signal from summing
network 27 are then up-converted in mixer 28 using a
suitable local oscillator frequency from a frequency

15 synthesizer 29 and amplified up to a desired transmit
power level in a linear amplifier 30.

Each frequency used in the cell has a similar
arrangement. It is possible that the composite signals
from two or more mixers 38 that are up-converted to

20 different frequencies can be summed in a further summing
network 31 and applied to a common transmit power
amplifier 32 as illustrated in Fig. 3. The outputs from
several power amplifiers 32 which have sufficiently
separated frequencies can be further combined in a multl—

25 coupler unit 33 and sent to a common antenna 34. As a
result, the addition of still further cell capacity would
need a number of separate antennas.

Fig. 4 illustrates an alternative
implementation of the present invention that performs

30 weighting of the signals digitally before D to A
conversion and application to a common I,Q modulator. A
digital signal processing unit 40 accepts a number of
traffic data streams in addition to a calling channel
data stream and numerically generates waveform samples

35 corresponding to the desired I,Q modulation. Each
traffic signal I,Q waveform sample is then weighted by
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signal before being added to the calling channel I,Q
samples. The sum is then outputted from the digital
signal processing unit to an "I"™ D to A convertor 41 and
a "Q" D to A converter 41. The output signals from the D
to A converters 41 are low-pass filtered in filter 42 to
interpolate the signal between the samples,
reconstructing continuous waveforms to drive the
sine/cosine modulator 43. The outputs from the
sine/cosine modulators 43 are then summed in summing
network 44 and then up-converted in mixer 45 to the
selected transmission frequency. A linear transmitter
power amplifier 46 raises the power level to the desired
level for transmission.

In the present invention, the levels of each
traffic signal in the combosite sum~-signal are
independently controlled by adjusting the weighting
factors Al, A2, A3 . . . which are set according to the
distance between the mobile station and the base station.
More specificglly, a preferred implementation of the
present invention employs a duplex power control system
in which the base station increases the power transmitted
to a mobile .-if the signal received by the base station is
too weak, and reduces the weighting factor in order to
reduce the power transmitted to the mobile if the signal
from the mobile station is too strong. A duplex power
control system is disclosed in "Duplex Power Control",
U.S. Patent Application No. 866,554, filed April 10,

11992, and is incorporated herein by reference.

 The mobile receiver block diagram for use in
the present invention is illustrated in Fig. 5. A
receiver 50 amplifies, filters and down-converts a
received signal received on a selected frequency channel
before A-to D converting its complex vector compenents.
The digitized complex vector components are applied to a
bank of correlators 51 along with signals produced by a
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the underlying information modulated on each CDMA signal
and transfer the information from detected calling
channels to a control processor 53. The control
processor 53 can include means such as an error
correction decoder to reduce the incidence of bit errors
caused by noise. Traffic data extracted by the
correlator 51 for the traffic channel can be used in for
example, a digital speech decoder.

The data from detected calling channels, along
with signal strength information about each signal is
used by the control processor 53 to ascertain the codes
of other surrounding base stations, and to program the
code generator to search for new base stations when
appropriate. The control processor can also determine
whether the base sfation currently in use is_the best
base station or whether a stronger base station is
available. In this case, a handover to the strongest
base station as indicated by the relative signal strength
of its calling channel signal can be requested.

In another embodiment of the present invention,
the calling channels of all base stations use the same
CDMA codes and are synchronous. Because of different
distances between different base stations and a selected
mobile station, the signals might not be synchronous at
the mobile but rather delayed by one or more chips. In
this case, the composite signal appears to the mobile as
being a single signal with a delayed echo. A RAKE
receiver may then be employed to decode the composite
signal. A suitable RAKE receiver is described in ﬁ.S.
Patent Application Serial No. 857,433, filed on March 25,
1992, for "Rake Receiver with Seleétive Ray Combining",

~which is expressly incorporated here by reference.
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30 recei ver receives an input. signal +ridm-an| abhtens S .ply'frlters
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control processainv@htioayi the calling channel signal from a base station
' has a fixed phase relationehip with the traffic signal
for a mobile station. The phase of the traffic channel
5 signals relative to the calling channel is thus

deliberately fixed at either 0, 90, 180 or 270 degrees.
The preferred relative phase between traffic and calling
channels, wherein the traffic signals are put in an
ordered list according to their signal strength,

10 alternates between 0 and 90°. For example, the strongest
signal is the calling'channel and it is treated as the
phase reference and is considered to have a phase of 0°.
The traffic channel which is the next strongest channel
is then set to 90°. Using QPSK modulation, this is

15 accomplished by interchanging the I and Q signals

’ produced by the modulation generator. The traffic
channel which has the third strongest signal is then set
to 0° again and so on. The purpose of this preferred
arrangement is to reduce mutual interference between

20 signals.

The fixed phase relationship may be exploited
by the mobile to improve decoding of the mobile's traffic
signal. Since the calling channel has the strongest
signal strength, it is decoded first by the mobile and

25 its phase can be determined. The phase may then be used
as a coherent reference for demodulating the traffic
signal. More particularly, a RAKE receiver can decode
signals that suffer from delayed echoes by correlating
various time shifts of the received signal with the code

30 of the signal. Each correlation produces a complex
number corresponding to the phase and amplitude of the
echo of that delay. Information on the phase and
amplitude of each echo found during demodulation of the
calling channel may then be applied to effect coherent

35 combination of the energy in different echoes for traffic:

signal demodulation.
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-15- 128 bit scrambling words for each signal th 44}*Nﬁ§&f”“ mdul ated in
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scranbl i-ng masks is described in co-pending, cor nIy 10 as 'uned us -

Pat ent Application Serial No. 866,865, filed on ¥err+TU, 1992, for
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74 cal cul ates invention, the format of data, which is broadcast by t
calling channel, has a specific format to enable idle
mobiles to predict when messages addressed to them are
5 likely to be broadcast. As a result, a mobile can enter
a power saving mode at other times when reception is not
needed.
The calling channel transmission has a
multiplexed data format which is divided into data blocks
10 of roughly 20 millisecond durations. The duration of
data blocks is deliberately made to equal the duration of
the analysis period of the digital speech encoder used
for sending speech on the traffic channels. The 20 ms
data blocks are further sub-multiplexed between common
15 data broadcasts for all mobile stations and data
addressed to limited subgroups of mobiles. The subgroup
to which a mobile station belongs is determined by the
mobile stations mobile identification code. For example,
10 subgroups could be defined by using the last decimal
20 digital of the telephone number of the mobile station as
the mobile identification code. The calling channel
‘format would then consist of 20 ms of common data
transmission, followed by 20 ms of data transmission to a
mobile phone with a number ending in zero, followed by a
25 20 ms transmission to a phone ending in 1, and so on. As
a result, the whole format repeats every 220 ms. When
the network initiates a call to a mobile station, it
places the message in the corresponding block. As a
result, a mobile station knows that it only needs to
30 listen for calls in its assigned 20 ms time slot out of
the 220 ms cycle, and thus may enter a power saving mode
for approximately 90% of the time.
In addition, the present invention, by virtue
of setting the duration of the calling channel data block
35 equal to the duration of the speech coder analysis
period, has the further advantage that speech data frame:
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fast Wal sh transéldrnglesul ts 30 are accunul ated for all such shifts in

accunul ators 78. Another embodiment of the present invention is

5 illustrated in Fig. 6. Data bits for each traffic signal
or the calling channel are grouped into groups of seven
and applied to a 128 bit orthogonal Walsh code generator
60. The Walsh code generator 60 produces a sequence of
128 output bits that are bit-wise exclusive-ORed in XOR

10 gate 61 with a scrambling bit sequence uniqﬁe to each

' signal. The scrambled Walsh code sequence then
determines by means of sign-changer 62 whether the
constant a(i), being the desired amplitude of signal i,
is added or subtracted from one of the accumulators 64.

15 A switch 63 determines which accumulator the constant
a(i) is added or subtracted from. In principle for an
even "i%, the switch 63 is operated so that even-numbered
scrambled Walsh code bits cause the constant a(i) to be
routed to the I accumulator while odd-numbered bits cause

20 the constant a(i) to be routed to the ¢ accumulator. On
the other hand, the reverse applies for an odd "IVY.
However, there  is a need to modify this regular
alternating order on occasions, as will be further
described below, so that in practice the switch 63 is

25 steered by a controlled bit stream which indicates
whether the signal has a zero or 90° relative phase.

. The processor accumulates the wvalues over all
signals one Walsh code word bit at a time and then the
"I" and "Q accumulator contents are outputted to a pair

30 of digital to analog converters 65. The accumulators 64
are then cleared of.thé values accumulated for all
signals and the next Walsh code word bits are
accumulated, and so on. As a result, the D to A
converters 65 receive a new value for each Walsh code

35 bit, and a particular signal affects the I and Q values
on alternate bits. The output signals from the "I" and
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. The preferred modulation used in this
embodiment is not conventional OQPSK modulation, but
5 rather a variation thereof called impulse excited OQPSK

or impulse excited offsite quadrature amplitude
modulation (OQAM). The difference between the two forms
of modulation is that a bit polarity is not represented
by a constant plus or minus value, but rather by a

10 positive or negative impulse which is used to shock
excite the I or Q low-pass filter. The time during whlch
the waveform generated for a bit effects the transmitted
signal is limited to the duration of the impulse response
of the low-pass filters. If the duration is several

15 symbols long, say five bits, the waveform at any instant
is due to the superimposition of five delayed impulse
responses which have the polarities of the symbols in
question. As a result, there are only two to the power
of 5 possible waveforms over a bit interval, which

20 corresponds to all possible polarity combinations the
five symbols can take on. A preferred implementation of
the present invention is to predetermine points on these
waveforms for each combination and to store them in a
memory. For every I or Q symbol period, one of these

25 stored waveforms is then selected from the memory
according to the five previous symbol polarities and the
waveform is outputted point-by-point to the A to D
converters. Typically, eight points over each symbol
period might be used to generate a smooth waveform that

30 does not need a lot of low-pass filtering after the D to
A conversion.

The base station signal generator described
above produces the sum of a calling channel code word
with a weight of 1 with several traffic channel code

35 words of progressively lower amplitude weighting and a
nominally alternating phase relative to the celling
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strongest to weak&spt to varying mobile station distances, the ordered

5 list of signal-~-strengths can suddenly change as two
‘signal levels cross over. This could mean that the zero
or 90 degree phase of a signal could suddenly and
unexpectedly change. To prevent such an occurrence, the
occasions on which the phase of a traffic signal is

10 permitted change are limited to.once per block of 42
Walsh code words per signal. At the beginning of such a
biock, which corresponds to a 20 ms speech coder analysis
frame, the desired phasing of the signal for the whole
block is determined from its position. The appropriate

15 bit is then set in the control bit stream by switch 63 to
select the phase for that signal. The same phase is used
for a complete block of 42 transmitted code words. The
first two code words transmitted in a block of 42 Walsh
code words do not carry traffic data but rather they

20 carry control data from the mobile station. The code
word transmitted on these two occasions is limited to
indicating whether the base station will transmit the
remaining 40 code words or not. The mobile is able to
detect these special code words regardless of phase, and

25 the mobile station can determine the phase expected for
the remaining 40 code words in the block.

A preferred mobile station receiver for
receiving signals produced by the above described base
station signal generator is illustrated in Fig. 7; The

30 receiver receives an input signal from an antenna,
suitably filters, amplifies and down-converts it before
sampling the signal and digitalizing the signals complex
vector components with the aid of an A to D converter.
The digitized complex samples are collected in a buffer

35 memory 71 until the next block of 128 new samples is
ready for processing. The control processor 80 provides
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bl ock. 30 . i For the.two speci al . code ﬁprdsﬁg’n‘;ﬁte@% onl y take
on one of two val ues, -the wei ghti ng unlt-1§55rgnal

processof 80 to operate in a slightly different mgnner. It can be -
controlled to performaccunul.ations correspondjng *u ttre—twoTTode "Wor ds 35:

i n question using.either r wei ghts,.or th S ated,t hrough 90
or wei ghts that dérFVE&mgﬁéﬁgtﬂgrés £or eath figh R &

demodulated in turn. The scrambling word is used to

descramble the contents of the buffer memory by changing
the signals of the real and imaginary parts by one or

5 zero using a number of sign changers 42. A set of 128
complex'samples, descrambled with the scrambling mask of
a desired signal to be demodulated is passed to the fast
Walsh transform computer 74. The selection and use
scrambling masks is described in co~pending, commonly

10 assigned U.S. Patent Application Serial No. 866,865,
filed on April 10, 1992, for "Multiple Access Coding for
Mobile Radio Communications", which is expressly
incorporated here by reference.

The fast Walsh transform computer 74 calculates

15 correlations with all possible 128 orthogonal Walsh-
Hadamard code words. A suitable fast Walsh transform
computer is described in U.S. Patent Application Serial
No. 07/735,805, filed on July 25,.1991, which expressly
incorporated here by reference. The fast Walsh transform

20 computer 74 séparately processes the real and imaginary
parts and the complex correlations are sent to the
weighting multipliers 77. All 128 complex values are
multiplied by the same complex weight which is supplied
from the control processor 80. The complex weight,

25 however, is varied according to the sample shift of the
buffer contents which are currently being processed.

Each signal, which is being descrambled, can be
processed using one or more shifts of the samples in the
buffer 71 and the weighted fast Walsh transform results

30 are accumulated for all such shifts in accumulators 78.
In order to process 128 signal samples using more than
one time shift of the signal, the buffer 71 needs to keep
some old samples from the previous block. For example,
to process a time shift, one sampled shift requires 127

35 new samples and one old sample; to produce a time shift



17 conpl ex conjugates of the inpul se signals the
phase:* |ndependent non- coherent detecti-on. Depend
wei.ghts or the ferr]- Totat ed melghts give the la
‘control processor 80 decides to use the same wei
code words in.a traffic frame. The above pr.ocess
signal - transnrtted by the base station in-tl6m s; :
signal, the calling channel, and 10 continuin - order of

predicted .Ssignal .strength at | east until the.traft+ : nobile - -
i s decoded. Acco d| one .as f prese t hghting

coefficients provl %aTR/Ol Torittd pré% é’grgs Eﬁ? Hé"{ r%@céésjrr&gnr#alr{%p\r,\%cgssr ng
are derived by 1sample®r s SN Ppr evi ous correl ati on val ues conput ed

during After accumulating all shifts, the accumulator

Cg@,r Jehestenyi Bi ng

rried out foi each.

contents are processed in comparator 79 to determine the

5 ‘largest value. This can either be the largest magnitude
- or the largest algebraic value depending on the initial
setup of comparator 79. The 7 bit index of the largest
value is then routed to the central processor 80 and to

the blocking switches 76. The index selects one of the

10 128 complex signals to be replaéed by zero at the inpuf
to the inverse fast Walsh transform computer 75. The
complex value which is blocked from reaching the inverse
fast Walsh transform computer 75 is routed instead to the
control processor 80. The inverse fast Walsh transform

15 reconstructs a new set of signal samples wherein the
detected code word is removed. After rescrambling in
scrambler 73 using the same mask used in the descrambling
process, the new samples are placed back in the same
buffer locations. This process is carried out for all

20 sample buffer shifts used in the accumulation process, in
an order determined by the control processor. This
corresponds to the forecast strength of the correlation
on each shift in the order from strongest to weakest.

' The block values for each shift that are returned to the

25 control processor are used by the control processor to
predict the order for the next 128 sample block. These
values are also used by the control processor to predict
the optimum weighting coefficients to be used for the:
next block. '

30 For the two special code words that can only
take on one of two values, the weighting unit is
gignalled by the control processor 80 to operate in a
slightly different manner. It can be controlled to
perform accumulations corresponding to the two code words

35 in question using either normal weights, or the weights
rotated through 90° or weights that are derived from the



processing of received information. Specifically, th
coherent RAKE taps used for traffic decoding are obt d -+
of the calling channel .by virtue of their deliberatelly farranged,
khown phase relationship. Decodi ng”may continue for sjg algsh VU
strength in order to predict which signals are about {o}becone | argert ty

_ 24
R |

the desired signal. Decoding may ‘al so inctude <si‘gnal slt ansmitted by ot her

nei.ghbori ng base 25 stations that, perhaps due tolrel at
for the noment |arger.than the desired signal. It w][l

pe understood th

the specific values of the.128 . bit Valsh codes and 42.code wor er

traffic frane ofC?ﬂﬁ}ﬁﬁw§9£PP€&t8ﬁb8§?%§%t1”_é?%ﬁnsﬁﬁﬁi%? ggeggegﬁﬁgting
factors, but thathigly qesudds dh appeepindeperdent nan-cedegentcan di nension
systens for partdsgdddidiMipeipedlii®d on whether the normal weights or

10

15

20

25

30

35

the 90° rotated weights give the largest result, the
control processor 80 decides to use the same weights for
the remaining 40 code words in a traffic frame.

The above process is carried out for each
signal transmitted by the base station in turn, starting
with the strongest signal, the calling channel, and
continuing in a descending order of predicted signal
strength at least until the traffic signal of the mobile
is decoded. According to one aspect of the present
invention, the weighting coefficients provided by control
processor 80 for traffic signal processing are derived by
processing previous correlation values computed during
processing of received‘info;mation. Specifically, the
weights of the coherent RAKE taps used for traffic
decoding are obtained from the decoding of the calling
channel by virtue of their deliberately arranged, and
known phase relationship.

Decoding may continue for signals of lower
strength in order to predict which signals are about to
become larger than the desired signal. Decoding may also
include signals transmitted by other neighboring base
stations that, perhaps due to relative fading, are for
the moment larger than the desired signal. It will be
understood that the specific values of the 128 bit Walsh
codes and 42 code words per traffic frame of the
preferred embodiment are not meant to be 1imi£ing
factors, but that any person of appropriate skill in the
art can dimension systems for particular communication
needs using other parameters while still being completely
within the scope and intent of the present invention.

| While a particular embodiment of the present
invention has been described and illustrated, it should
be understood that the invention is not limited thereto

30



needs usi ng ot her paraneters while still being conpletely within the scope
and intent of the present invention. Wile a particul-ar-enbodi nent of the
present 35 ““inventi.on has been described and illustrated, it should be.
underst6od ‘that the invention is not Ilnlted thereto  since nDdlflcatlons
may be ‘made by persons’ ‘skilledin the art_ 1 The present appl.ication
contenplates any and all nodifications that fall wthin.the spirit and e
scope’ of -the underlylng i nventi on dlsclosed and clained herein.. -..19 -

since modlflcatlons may be made by persons skllled in the
art. The present application contemplates any and all
modifications that fall within the spirit and scope of
the underlying invention disclosed and claimed herein.

REPLACEMENT SHEET)
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CLAI MS: 1. A method for transmtting control and user traffic data m a
first* base station to a plurality of nobile stations code division . -
nultlple access 5. - communi cati-on systen1conpr|5|ng |ng '
control information using a spread spectium code .uniq ﬁ “‘“& \‘“m
information to forma calling channel S|gng§,_cod|ng er nraffit
signal using a spread-10 spect.rum code uni que-to each traffic signal ;
addi ng said..calling channel signal and said coded traffic signal using °
predeterm ned wei ghting factors to obtain a conposite.si.gnal; nodul ating
sai d conposite srLamEs:on a radio 15 frequency carrier; transmtting
said radio frequency-signal to ' o '

1. A’ method for transmitting control and user
traffic data from a first base station to a plurality of
mobile stations in a code division multiple access

5 communication system comprising the steps of:

coding control information using a spread
spectrum code unique to control information to form a
calling channel signal; _

coding each user traffic signal using a spread

10 spectrum code unique to each traffic signal;

adding said calling channel signal and -said
coded traffic signal using predetermined weighting

~ factors to obtain a composite signal;

modulating said composite signal on a radio

15 frequency carrier;

transmitting said radio frequency signal to
said plurality of said mobile stations:;

receiving said radio frequency signal at at
least one of said mobile stations;

20 processing said received signal in said mobile
station to extract said control information wherein said
control information is used by said mobile station to
determine if said mobile station is being called; and

processing said radio frequency signal in said

25 mobile station to extract traffic information intended
for said mobile station.

2. A method for transmitting control and user
data according to claim 1, wherein said spread spectrum
coding is orthogonal block'encoding using scrambled

30 Walsh-Hadamard codewords.

3. A method for transmitting control and user
data according to claim 1, wherein said coded control

signal is the largest signal in said composite signal.
REPLACEMENT SHEET
2 6 JUL 1996




sai d pIuraIit
signal® at at |
said received S|gnm
i nformation
to defernmine if

ations; receiving said %
bile stations; 20 . proc
ile station-to-extract s
@é{}hsig%ntrol i nformation i s used by ﬂmmm I@JH!'IOH -

statfi on is be.Lr.u_},c;aI | ed; and bro%estm L]s)
radi o frequenc in said mobi | e. station to extract traffic
information in Sai d nobile-station. 2. A nmethod for ° .
transmtting control. and-user data according to claim1, wherein said
spread spectrum codi ng is 4ort hdgoeshod| fer eranmanitg ing ﬁgn§e‘pénﬁnédu%r

Val sh- Hadanmar d coseyidiorddng th EﬂbﬂﬁdltO&héfélﬂ'ﬁ@ﬁédﬂfg.cCQaléﬁhvénd user

data according tO£C|E“J¥:%héM¥?g%a sS%EQnERdggl ‘E§A5%51te signal

signal

alternate 90° when ordered by signal strength.

5 5. A method for transmitting contreol and user
data according to claim 1, wherein said modulation is by
quadrature phase shift keying. '

6. A method for transmitting control and user
data according to claim 1, in which said modulation is by
10 offset quadrature phase shift keying.

7. A method for transmitting control and user
data according to claim 1, in which said modulation is by
quadrature amplitude modulation.

8. A method for transmitting control ‘and user
15 data according to claim 1, in which said modulation is by
offset quadrature amplitude modulation.

9. A methed for transmitting control and user
data according to claim 1, wherein said processing in
said mobile station is carried out using a fast Walsh

20 transform computer.

10. A method for transmitting control and user
data according to claim 1, wherein said processing in
said mobile station includes subtréction of a decoded
control signal prior to the decoding of traffic

25 information.

11. A method for transmitting control and user
data according to claim 1, wherein said control
information includes information about surrounding base
stations.



si gnal is the Iargest-s,__";“féqv id conposite signal. _ 20-4——7ATet hod
for transmtti ngt Falisanadwg<ert dat a according to claimi, whermll“

specific relati ~of the &i ¢nal's within said c I

alternate [err] ‘ org@ qg@y si gnal strength 5 OH“‘“““‘“‘“\H\‘S“

met hod for transhi ontrol and user ta _according to dai'm 1, mhereln.

sai d nodul ation : 3 re p.ase Shl?t keyi ng: 6. A net hod for
and user according to claimi, in whiich said

transmtting congrol
Set quadrature phase shift keying. 7... .A nethod.

nmodul ation is by |\l
for transmtting control aad ugenethod for transmlttlng control and user

data according to claim 1, wherein said control
information carries information for a specific group of
mobile station only at predetermined times.

5 13. A method for transmitting control and user
data according to claim 12, wherein said predetermined
times depend a mobile identification number for each of
said mobile stations.

14. A method for transmitting control and user
10 data according to claim 12, wherein said mobile station
reduces processing to conserve power at times other that
said predetermined times.

15. A method for transmitting control and user
data according to claim 1, wherein said processing in
15 said mobile station uses a non-coherent RAKE receiver.

16. A method for transmitting control and user
data according to claim 1, wherein said processing in
said mobile station uses a coherent RAKE receiver.

17. A method for transmitting control and user
20 data according to claim 16, wherein coefficients for RAKE
tap weighting used during traffic signal decoding are
derived from correlations calculated during calling
channel decoding.

18. A method for transmitting control and user
25 data according to claim 1, wherein said mobile stations
receive more than one base station signal on the same
frequency. .

19. A method for transmitting control and user
data according to claim 18, wherein said mobile stations



d-ata accord'i ng to claim1, in which said nodulation is y qua
anplltude nmodul ation. 8. A nethod for transmitting co er
dat.a according to- claim1, in which said nodulation I's ,a IM ure-".-

arrplltude modul at i on. 9_. ~ A method for transmttlng con
accordi.ng to .claim.d, wherein said processug\g iln said nobile station is :
carri-ed out usi ng a fast vl sh 20 transform conputer. 10.. A nethod for

transmtting control and user data aécording to.claiml, wherein said .
processing in-saird npbile station.includes subtraction-of a decoded control
signal prior to Phecessothhling ghasmelc signals ferorexe|than lane Aafs hod
for transmttingggQeiséR! and user data according to claim1, wherein said-
control

20. A method for transmitting control and user
data according to claim 18, wherein said mobile stations
5 process traffic signals for more than one base station.

21. A method for transmitting control and user
data according to claim 19, wherein said mobile stations
use relative calling channel signal strengths determined
by decoding different base station signals to ascertain

10 the best base station to communication with.

22. A method for transmitting control and user
data according to claim 18, wherein each of said mobile
stations reports signal strengths determined by decoding
different base station signals to a base station

15 transmitting traffic for that mobile station.

23. A method for transmitting control and user
data according to claim 22, wherein a decision is made
based on said signal strength reports which base station
to use to transmit traffic to said mobile station.

20 24. An apparatus for transmitting control and
user traffic data from a first base station to a
plurality of mobile stations in a code division multiple
access communication system comprising:

first coding means for Loding control

25 information using a spread spectrum code unique to
control information to form a calling channel signal;

a second *coding means for coding each user
traffic signal using a spread spectrum code unique to
each traffic signal;

REPLALLI‘%“_«‘ 2 LBLAMAEE
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|nfornat|on I ncl udes information about surroundi ng base stations.

A nethod for transmtting control- and user. data according to claimTI,

of. nobil e station only at predetern1ned tinmes.
method.for transm.tting .control and-user dabg. accordlng

vherein said control i nformation carries |nfornat|on f up
LR T

wherein said predeterm ned times depend a nobile |dent|f|cat|on nunber for

each of saird nobile-.stations. 14. A nmethod for transmtting control and.
. data- accordlng to claim 12, wherein:said-nobile station

user-

10 -

10

15

20

25

30

summation means for adding said calling channel
signal and said coded traffic 51gnal using predetermined
weighting factors to obtain a composite signal;

modulation means for modulating said composite
signal on a radio frequency carrier:;

transmitting means foy transmitting said radio
frequency signal to said plurality of said mobile
stations;
. .receiving means for receiving said radio
ffequency signal at at least one of said mobile stations;

processing means for processing said received
signal at said mobile station to extract said control
information, wherein said control information is used by
said mobile station to determine if said mobile station
is being called; and

second processing means for processing said
radio frequency signal in said mobile station to extract
traffic information intended for said mobile station.

25. An apparatus according to claim 24,
wherein said second processing means includes extraction

of a control signal prior to the decoding of traffic
information.

26. An apparatus according to claim 24,
wherein said second processing means uses a non-coherent
RAKE receiver. '

27. An apparatus according to claim 24,
wherein said second processing means uses a coherent RAKE
receiver.

28. An apparatus according to claim 27,
wherein coefficients for RAKE tap weighting used during
traffic signal decoding are derived from correlations

calculated during callingwchannetmde Tote by
ﬁawkiiﬂﬁ; :ﬁ .'E,b ’

2 6 JUL 1996
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reduces processing to conserve power at tines other that said predeterm ned
times. 15. A nmethod for transmitting control and user data according to :.
tlaim1l, wherein said processing.in 15 sai.d npbile station uses a’

non- coherent RAKE receiver. 16. A nethod for .transm tting control and user
data according to clai.m 1, wherein said processing in said nobile.station
uses a coherent RAKE-receiver.  17. A nethgd_for transmtting control and
user 20 data according to claim16, wherein coeffi.cients for RAKE tap
wei ghting used during traffic signal decodi-ng are .derived fronicorrel ati ons
cal cul at ed @al.1, e COHANNEL CINresMA dsOMMUNICATIONSA SustTiEdd for transmitting
control and user 25 data according to claim1, wherein said nobile

stations receive nore than one base station siqyal on the sane
ABSTRACT OF THE DISCLOSURE

A Code Division Multiple Access (CDMA)
communication system which contains a calling channel
which is used to inform silent mobiles that they are

5 being called. Ih the system, the calling channel is
chosen to be the strongest overlapping signal so that it
reaches mobiles which are located on the cells extreme
boundaries. The interfe;ence other signals experience
because thef overlap with the calling channel may be

10 avoided by having the mobiles first demodulate the
calling channel signal and then subtract it out before
demodulating their own signal.

Figure 2




frequency 19. A.nmethod for transmtting control and user data according to
claim 18, wherein said nobile stations - - 22 - process calling channel
signal s for- nore. than-one base station, 20. * A nethod for transmtting

control and user data.according to cIa|n118 .wherein said imhile.stations 5 L

process ‘traffic si.gnal s for npre than one base station. 21. A nethod for
transnmtting control and user data according to clﬁaﬁfﬁ+mWM£ - d
nobi.| e statii ons use r.el ative cal l'ing channel signa hAﬁ%ﬁﬂHﬁ?dﬁﬂa& |

ned-by
decoding different base station S|gnm:§&l)ascerta n L
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10 the best base station to communication with. 22. A method for
transmtting control and user data according to claim 18, wherein eagh, of

said nobile stations reports signal strengths determ ned. Q¥Mde”;,gvxn-
di fferent base station signals to a base station 15 P

traffic for that nobile station. 23." A method.for tr”ﬁ'-ff
user data according to claim22, wherejn a deci'sion i

si.gnal strength reports which base st &/i’on to use to
said nobil-e station, 20 - 24,
control and user traffic data froma flrst base stati
nmobil e stations in a code divi nhpl e access co

conprising: first coding neans for codi control 25 i nformati on using
a spread spectrum code unique to -
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control information to forma calling channel signal; a second codi ng neans
for codlng each user.-traffic signal using a spread spectrun1code uni.que to

gach traffic signal; - - 23 summation nmeans for adding said. cal I'i ng channel -
signal. and said coded trafflc _signal using predeternifsg 1gﬁNI !ﬂmgftors
to.obtain a conposite signal; nodul atjon means for m
conposite 5 signal--on a radio frqufpfy carrier;: ansn]tt|ng_neans for
transmtting said radlo frequency si gn 0 sald plué i tY6ULsHIGE. nbb] | e
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Feceiving means for receiving said radio 10 frequency signal at at
| east” one of said nobile stations; processing neans fotﬂproce53|n i
veceived signal ‘at said nobile station to extract s ﬁg wggg&mmﬂyQI
wherein 'said-confrol information is used by sai d nmolfte 2]
deternine if said nobile statlon 15 . .i§ being calll'dd; and second
processi ng means for processing said: radi o frequency di gﬁéﬂ JUk 1996 d
station to extract traffic information ﬂh?ended for {sqi d. nobi | e_sf atfii
'25. An apparatus dccording.to claim24, 20. -wher di.n sald second .
processi ng neans includes extraction of a control siignal prior—te—the
déecoding of traffic information. 2% appar at us according to claim 24,
wherein said second processi ng neahs uses aJ non-coherent
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25 RAKE receiver. 27. An apparatus'according to claim 24, wherein said

second processing neans uses a coherent RAKE receiver,
according to claim 27, 30-
used during traffic signal )
cal cul ated. during calling channel decoding.

wher ei n coeffi cCRR
decodi ng are deriv
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