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FIELD OF THE INVENTION

The present invention relates to the use of Code Division
Multiple Access (CDMA) communications techniques used in cellular
radio telephone communication systems, and more particularly, to
the allocation of frequencies to cells with different
transmission power levels in a CDMA cofmmunication systemn.

BACKGROUND OF THE INVENTION

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, the effects of rapid growth will soon reach even the
smallest markets. Innovative solutions are required to meet
these increasing capacity needs as well as to maintain high
quality service and avoid rising prié:es.

Throughout the world, one important step in cellular systems is
to change from analog to digital transmissions.- Equally
important is the choice of an effective digital transmission
scheme for implementing the next generation of cellular
technoleogy. Furthermore, it is widely believed that the first
generation of personal communication networks (PCN) (employing
low cost, pocket-sized, cordless 'teiephones that can be carried
comfortably and used to make and receive calls in the home,
office, street, car, etc.), would be provided by the cellular
carriers using the next generation digital cellular system
infrastructure and the cellular frequencies. The key feature
demanded in these new systems is increased traffic capacity.

* . Currantly, channel access is achieved using frequency division

multiple access (fP¥A) and time-civisior wultiple access (IUMA]

methods. In FDMA, a dohGRiERTYAA BERM:fnel is a single radio
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frequency band into which a signals transmission power is
concentrated. Interference with adjacent channels is limited by
the use of bandpass filters which only pass signal energy within
the specified frequency band. Thus, with each channel being
assigned a different frequency, system capacity is limited by the
available frequencies as well as by limitations imposed by
channel radios.

In TDMA systems, a channel consists of a time slot in a period
train of time intervals over the same frequency. Each period of
time slots is called a frame. A given signal's energy is
confined to one of these time slots. Adjacent channel
interference is limited by the use of a time gate or other
synchronization element that only passes signal energy received
at the proper time. Thus, the portion of the interference from
different relative signal strength levels is reduced.

Capacity in a TDMA system is increased by compressing the
transmission signal into a shorter time slot. As a result, the
information must be transmitted at a correspondingly faster bit
rate which increases the amount of occupied spectrum
proportionally.

With FDMA or TDMA systems, or a hybrid FDMA/TDMA system, the goal
is to ensure that two potentially interfering signals do not
occupy the same frequency at the same time. In contrast, CDMA
allows signals to overlap in both time and frequency. Thus, all
CDMA signals share the same frequency spectrum. In either the
frequency or the time domain, the multiple access signals appear
to be on top of each other.

. In principle, the information data stream to be transmitted is

first coded or spread and then combined with a long PN-sequence
or a shorter scrambling-sequence. In the latter case, the
scrambling-sequences are planned from cell to cell so: that
neighboring cells wuse different scrambling-sequences or
scrambling-masks. The information data stream and the PN-
séquence or the scrambling sequence can have the same or
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channel is allocated a unique spreading code. A plurality of

5 coded information signals are transmitted on radio frequency
carrier waves and jointly received as a composite signal at a
receiver. Each of the coded signals overlaps all of the other
coded signals, as well as noise related signals, in both
frequency and time. By correlating the composite signal with one

10 of the unique codes, a corresponding information signal is
isolated and decoded. .

There are a number of advantages associated with CDMA
communication techniques. The capacity limits of CDMA based
cellular systems are projected to be up to 20 times that of
15 existing analog technology as a result of the properties of a
wideband CDMA system, such as improved coding gain/modulation
density, voice activating gating, sectorization and reuse of the
same spectrum in every cell. CDMA transmission of voice by a
high bit rate decoder ensures superior, realistic voice quality.
20 CDMA also provides for variable data rates allowing many
different grades of voice quality to be offered. The scrambled
signal format of CDMA completely eliminates cross-talk and makes
it very difficult and costly to eavesdrop or track calls,
ensuring greater privacy.to callers and greater immunity from
25 air-time fraud.

Despite the numerous advantages offered by CDMA, problems can
cccur when the CDMA system contains different size cells which
have different power levels. One problem is how to allocate
frequencies between the different types of cells. While this
30 problem can be easily handed in traditional FDMA or TDMA systems,
the problem is quite serious in CDMA systems because all of the
frequencies are used throughout the system. This problem occurs,
for exaaple, when microcells are used within umbrella cells and
at the border between urban and rural arees where ¢ fferent size
-5 ceils are used. The general proble: is that the uplink (from

mobile station to base station) and aownlink (from base station
' THIS SENDT MY R

g v ~r -
TN Y




t echnol ogy. Further T Iy believed that the first

generation of persona S%éeth”ﬂ”nﬂ\éﬁ dnetvvorks (PCN) (enpl oyi ng | ow
cost, Qﬁ%ﬁ d, c nes that can be carried

conforta y§%éﬁsed el ve c4Fls in the hone, ;Scr/sg??/iog"é?:;
street, car, etc.), would be provided by the cellular carriers using
t he next generation dlgltal cel | ul ar systen1 I nfrastructure and the
cellular frequencjes. The feature emanded .in these_new systens
i s increast® moRkie EEB&'&PP; handoff CB??*%F?I 9recmﬂﬁ12]r°%&*c%§s Fs%&ni

using freqgpeaes.di virheondeWwnlifkl HandosecpeintFli¢\) lecdtednclbsersoto the

Pl e ac e ol enan end%uEERK nkRabP¥\poiaeommuni cation channel i's a

10

15

20

25

30

35

Figure 1 illustrates a typical scenario of the use of microcells
within umbrella cells. An umbrella cell 10 contains a base
station 12 and a plurality of microcells 14. Each microcell 14
contains a base station 16. In this example, a mobile station 18
is located near the umbrella base station 12 but is located in a
microcell 14. The base station for an umbrella cell 10 generally
operates at a power level which is much higher than the power
level used for base stations of a microcell. Since the mobile
station is located in the microcell 14 and is in communication
with the base station 16, the high powered signals from the
umbrella base station 12 may interfere with the communications
between the mobile station 18 and the microcell base station 16.
Since the umbrella base station is operating at a high power
level, the interfering signals can easily be 10-20 decibels above
the communication signal between the mobile station and the
microcell base station. Even if the processing gain of the CDMA
system is large enough to handle such interfering signals, the.
capacity of the system will be decreased. Furthermore, if the
mobile station 18 were to connect to the umbrella cell base
station 12, the mobile station' 18 would have to increase its
power which would interfere with the microcell base station 16 in
the uplink direction.

Figure 2 illustrates the problems that can occur around the
border between small (urban) and large (rural) cells. A rural
cell 20 contains a base station 22 and an urban cell 24 contains
a base station 26. In this example, a mobile station is located
near the border between the urban cell 24 and the rural cell 20.
When the mobile station is moving in the direction of the arrow
A, the question becomes to which cell does the mobile station
belong. If the mobile station is connected to the base station
2~ in the urban cell 24, the mobile staticn may encounter an
interference from the signals from the rural base station -22 due
to the different pcwer levels between the rural and urban base
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stations. If the mobile station is connected to the base station
22 in the rural cell 20, the mobile station will have to increase
the power of its own transmission in order to adequately
communicate with the base station 22. 2As a result, the mobile
station's transmission will interfere with the reception of the
base station 26 since the mobile station is closer to that base
station.

SUMMARY OF THE INVENTION

The present invention overcomes the above-mentioned problems by
allocating different frequencies or sets of frequencies to cells
with different transmission power levels. For example, umbrella
cells are assigned one set of frequencies to operate on, while
microcells are assigned a different set of frequencies to operate
on. The sets of frequencies should be sufficiently separated in
order to decrease interference between different cells.

In order to allow the communication system to use Mobile Assisted
Handoff (MAHO), the present invention includes several other
features. 1In one embodiment of the present invention, all base
stations in the communication system transmit a known pilot-
sequence. Each base station transmits a pilot-sequence on each
of the frequencies assigned to the particular base station as
well as some or all of the other frequencies used in the
communication system which are not assigned to that particular
base station.

Since the pilot-sequence signals will be received at each mobile
station along with other signals containing sxﬁeech information
and noise, each mobile station _will have to use a subtractive
demodulation process to sort through all of the received signals

~ to detect and decode the desired signals. Using the subtractive

demodulation process, a mobile station can detect and decode the
information signals being $&nt to that particular mobile station
as well.as detect and decode the pilot-sequence signals broadcast
from various base stafions in the communication system. As a

result, each mobile station can receive its own signal on its own
THIS SHEET HAS BEGN
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-3 In another embodiment of the present invention, the present

invention takes advantage of discontinuous transmission (DTX) and

discontinuous reception (DRX) to measure the signal strength of

neighboring base stations. It is well known that the capacity of

a DS-CDMA system can be approximately doubled if a transmission

10 occurs only when there is information to be transmitted. 1In

other words the transmitter is turned off during a pause in

speech. If the transmitter before'being turned off transmits a

message which tells the receiver that the transmission will be

discontinued for a certain period of time, the receiver can use

15 the rest of the time period to measure signal strengths of other

) signals on other frequencies. As a result, a mobile station can
measure the signal strength of other base stations.

BRIEF DESCRIPTION OF THE DRAWINGS

. The present invention will now be described in more detail with
20 reference to the preferred'embodiments of the invention, giving
only by way of example and illustrated in the accompanying
drawings in which: ’
Figure 1 illustrates a typical arrangement of umbrella cells in
microcells:;
25 Figure 2 illustrates a communication system with rural and urban
cells; . |
Figure 3 illustrates a base station with a pilot-sequence signal
in one embodiment of the present invention;
Figure 4 shows a series of graphs illustrating how CDMA signals
30 are generated:
Figures 5 and 6 show a series of graphs for illustrating how CDMA
'é':‘:ﬁ—j:'.is are decoded:;
figure 7 shows & series of .graphs iliustrating CDMA subtractive
demodulation.. according to one embodiment of .the present
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system of a type in which the present invention can be

'deantageously employed;
Figure 9 illustrates typical speech activity in the present

5 invention:; and
Figure 18 illustrates a speech frame for one embodiment of the

present inventiosm.

DETAILED DESCRIPYION OF YEE PREFREERED BENBODIMENTS

While the following description is in ¢he context of ‘cellular
involving portable or mobile radio

P

10 communication systeme
teler~vnes and/or personal communication networks, it will be

understood by those of ordinary skill in the art that the present
invention may be applied to other communication applications.

In the present invention, different sets of frequencies are

15 assigned to cells with different transmission power levels. For
example, microcells can be assigned a set of frequencies which is
different from the set of frequencies assigned to an umbrella
cell. Furthermore, the different sets of frequencies should be
separated by a frequency band which is large enough to decrease

20 interference in the system. As a result, the interference caused
by the powerful signals generated in the umbrella cell will be
decreased since the mobiles operating in the microcells within
the umbrella cell will be using frequencies that are different
from the frequencies used by the umbrella cell.

25 However, assigning different sets of frequencies to different
types of cells has a drawback in that Mobile Assisted Handoff
(MAHO) is not possible. Mobile Assisted Handoff is not possible
since mobiles are continuously receiving signals on their own
frequency so they are unable to simultaneously measure the signal

30 strength of other signals or other frequencies.

Ir one embodiment 2f the p:esent _avention, xl1 of the base
s. -=ions in * cousauunication system transmi. a known pilot-

se€ ience. 9r nlot-sequence is transmitted just like any other
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t he scranbl i ng- sequ | anned fromcell to cell so that
nei ghboring cells use different scranbling-sequences or
scranbl i ng-masks. The information data stream and the PN seqguence

or the scrB¥bei Rf scanned, cinehavea thrasdie whannel. However, the pilot
sequence may contain no information or a limited amount of
information. The pilot-sequence is only transmitted in the
downlink direction. Each base station transmits a pilot-sequence

5 on each of the frequencies assigned to that particular base
station as well as on some or all of the frequencies that are not
assigned to that particular base station. If the frequéncy has

been assigned to the base station, the corresponding pilot-
sequence is transmitted with slightly more power than the other

10 Channels in the base station.. When the base station is
transmitting a pilist-sequence on a frequency that has not been
assigned to the base station, ine hase station just transmits the
pilot-sequence at a power level similar to otne. E‘“**-sequences.

As illustrated in Figure 3, each traffic channel 31 and a pilot-
15 sequence 33 are combined by multiplication with a unigue PN~
sequence 34. The traffic channels and the pilot-sequence are
combined by addition in adder 35 and the resulting signal 36 is
modulated in a modulator 37 and amplified in an amplifier 38 and
is subsequently transmitted from the base station 30 through

20 antenna 39.

Since the pilot-sequence signals are received at each mobile
station along with other signals containing speech information
intended for the respective mobile station and noise, each mobile
station will have to use a subtraction demodulation process to
25 sort through all of the received signals to detect and decode the
desired signals. As a result, each mobile station can receive
its own signal on its own frequency and simultaneously measure
the signal strengths of all of the neighboring base stations on
the same frequency. Furthermore, the measured signal strengths
30 can be stored in a memory in the mobile station and updated
periodically. As a result, each mobile station can send the
stored base station_.signal strength information to their
respective.  base -‘S"Eat.-ians at regular intervals or when requested
to:do- so duriug -Mobile Assicted -Handoff. | '
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An exemplary CDMA communication system with subtractive
demodulation is disclosed in U.S. Patent Application Serial No.
07/628,359, filed December 17, 1990, and U.S. Patent Application
Serial No. 07/739,446, filed August 2, 1991, which is a
continuation~in-part application thereof, both of which are
incorporated herein by reference. 1In the present system, the
ability to tolerate an increased number of interfering signals to
thereby achieve an increase in system capacity, is provided
through the use of a subtractive demodulation process. Generally
speaking, a receiver in this type of system does not operate to
decode only a single desired signal in the presence of a large
number of interfering signals. Rather, a number of received
signals, both interfering and desired, are successively decoded -
in the order of their received signal strength wherein the
strongest received signal is decoded first. After being decoded,
each interfering signal is recorded and subtracted from the
received signal, to thereby reduce the interference that is
present when the desired signal is decoded. '

With this approach, a larger number of signals, each having a
unique PN-sequence or scrambling code to provide a means of
discriminating them from one another, are permitted to overlap.
In the following embodiments, either a PN-sequence or scrambling
cocdes can be used. In some communication systems, each base
station has a set of PN-sequences or scrambling codes which are
assigned to mobile stations, while in other systems each mobile
station has its own PN-sequence or scrambling code. The capacity
of such a system is not limited by theoretical bounds, but rather
by the amount of the sighal proceséing resources 'that are
available to demodulate a multiplicity of signals.

Subtractive demodulation will now be described in conjunction the
signal graphs shown in Figs. 4-6 whicr set forth example
waveforms in the coding and decoding pirocesses involved in
traditional CDMA systems. Using these -same waveform examples
fror *igs. 4-6, the improved performance of the present invention
ova: .onventional ~.Ma is stllustrated in Fi.. 7.
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a high bit rate, d1g1ta1 code unique to signal 1 as shown in
5 signal graph (b) . For purposes of the present invention, the
term "bit" refers to one digit of the information signal. The
term "bit period" refers to the time period between the start and
the finish of the bit signal. The term "chip" refers to one
digit of the high rate coding signal. Accordingly, the chip
10 period refers to the time period between the start and the finish
of the chip signal. Naturally, the bit period is much greater
than the chip period. The result of this modulation, which is
essentially the product of the two signal waveforms, is shown in
the signal graph (¢). In Boolean notation, the modulation of two
15 binary waveforms is essentially an exclusive-OR operation. A
similar series of operations is carried out for signal 2 as shown
in signal graphs (d)-(f). In practice, of course, many more than
two coded information signals are spread across the frequency
spectrum available for cellular telephone communications.

20 Each coded signal is used to modulate a RF carrier using any type
of modulation technique, such as Quadrature Phase Shift Keying
(QPSK) . Each modulated carrier is transmitted over an air
interface. At a radio receiver, such as a cellular base station,
all of the signals that overlap in the allocated frequency

25 bandwidth are received together. The individually coded signals
are added, as represented in the signal graphs (a)=-(c) of Fig. 5,
to form a composite signal waveform.

After demodulation of the received signal to the appropriate

baseband frequency, the decoding of the composite signal takes
30 place. Signal 1 may be decocded or de-spread by multiplying the

received composite signal in the signal graph (c) with the unique

code used originally to modulate signal 1, as shown in the signal

graph (d). .The resulting -signal. is analyzed to decide the

poiarity -(high or low, +1 er -1, "1" or "0") of each information
35 - bit period of the-signal. .. e e
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problem i NAL {Sh®! h2%3hG processes are acceptable as long as there is no
signal ambigquity. For example, during the first bit period in
5 the signal graph (f), the average chip value is +0.67 which
readily indicates a bit polarity +1. Similarly, in the third bit
period, the average is +0.80 which indicates a bit polarity of
+1. However, whenever the average is zero as illustrated in the
second bit period, the majority vote or averaging test fails to

10 provide an acceptable polarity value.

In ambiguous situations, a "“soft decision" making process must be
used to determine the bit polarity. For example, an analog
voltage proportional to the received signal after despreading may
be integrated over the number of chip periods corresponding to a
15 single information bit. The sign or polarity of the net
integration result indicates that the bit value is a +1 or -1.

The decoding of signal 2, similar to that of signal 1, is
illustrated in the signal graphs (a)-(d) of Fig. 6. After
decoding, there are no ambiguous bit polarity situations. '

20 Theoretically, this decoding scheme can be used to decode every
signal that makes up the composite signal. Ideally, the
contribution of unwanted, interfering signals is minimized if the
digital spreading codes are orthogonal to the unwanted signals.
Two codes are orthogonal if exactly one half of their bits are

25 different. Unfortunately, only a certain number of orthogonal
codes exist for a finite word length. Another problem is that
orthogonality can be maintained only when the relative time
alignment between signals is strictly maintained. In movin_g
constantly, such as in cellular systems, time alignment is

30 difficult to achieve.

When code orthogonality cannot be guaranteed, noise-based signals
may interfere with the actual bit sequences produced by differeat
code generators, 2.7., the mobile tslepliciie. 1n comparison with

the originally coded signal energies, however, the energy of the
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often used to compare relative signal energies. Processing gain
is defined as the ratio of the spreading or coding chip rate to
the underlying information bit rate. Thus, the processing gain

5 is essentially the spreading ratio. For example, a one kilobit
per second information rate modulated by a one megabit per second

coding signal has a processing gain of 1000:1.

Large processing gains reduce the chance of decoding noise
signals modulated using uncorrelated. codes. For example,
10 processing gain is used in military contexts to measure the
suppression of hostile jamming signals. In other environments,
such as cellular systems, processing gain refers to suppressing
other, friendly signals that are present on the communication
channel with an uncorrelated code. In the context of the present
15 invention, noise includes both hostile and friendly signals. In
fact, ncise is defined as any other signals other than the signal
of interest, i.e., the signal to be decoded. Expanding the
example described above, if a signal-to-interference ratio of
10:1 is required, and the processing gain is 1000:1, conventional
20 CDMA systems have the capacity to allow up to 101 signals to
share the same channel. During decoding, 100 of the 101 signals
are suppressed to 1/1000th of their original interfering power.
The total interference energy is thus 100/1000 or 1/10 as
compared to the desired information signal energy of one (1).

25 With the information signal energy ten times greater than the
interference energy, the information signal may be correlated
accurately. '

Together with the required signal-to-interference ratio, the
processing gain determines the number of allowed overlapping
30 signals in the same channel. That this is still the conventional
view of the capacity limits of CDMA systems may be gleaned by
reading, for example, "On the Capacity of a Cellular CDMA
System, " by Gilhousen, Jacobs, Viterbi, Weaver &fid Wheatly, IEEE

Transactions on Vehicular Technology, May 1991.
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In contrast to the conventional view, an important aspect of the

present invention is the recognition that the suppression of

friendly CDMA signals is not limited by the processing gain of

the spread spectrum demodulator as is the case with the

5 suppression of military type jamming signals. A large percentage

of the other signals included in a received, composite signal are

not unknown jamming signals or environmental noise that can not

be correlated. Instead, most of the noise, as defined above, is

known and is used to facilitate decoding the signal of interest.

10 The fact that most of these noise signals are known, as are their

corresponding codes, is used in the present invention to improve

system capacity and the accuracy of the signal decoding
process.

- Rather than simply decode each information signal from the

15 composite signal, the present invention also removes -each

information signal from the composite signal after it has been

decoded. Those signals that remain are decoded only from the

residual of the composite signal. Consequently, the existence of

signal transmissions in the communications channel from the

20 already decoded signals do not interfere with the decoding of

other signals. For example, in Fig. 7, if signal 2 has alr=zady

been decoded as shown in the signal graph (a), the coded fcrm of

signal 2 can be constructed as shown in the signal graphs (b) and

(c) and subtracted from fhe composite signal in the signal graph

25 (d) to leave coded signal 1 in the signal graph (e). Signal 1 is

recaptured easily by multiplying the coded signal 1 with code 1

to reconstruct signal 1. It is significant that had the

conventional CDMA decoding method been unable to determine

whether the polarity of the information bit in the second bit

30 period of signal 1 was a +1 or a -1 in the signal graph (f) of

Fig. 5, the. decoding method of the present invention would

effectively resolve that ambiguity simply by removing signal 2
from the composite signal.

Te  arther facilitate an understanding of the invention, a

sSp+ fic'example is described where a Walsh-~Hadamard (122, 7)

blc:k coding technique is employed to provide-chanﬁél cod...g and

spreading in CDMA modulation. HBowever, the b
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station 12 and a plurality of microcells 14. Each microcell 14
contains a base st atphijgBhetfilas BeenRplaceéxanpl e, a nobile station 18 is

| ocat ed near the unbr ion 12 but is located in a
m crocel Iw@?yzl*ﬁ@%asE '
operates at a power |

an unbra4-a cell 10 generaI'I’?r,f(l}”’(m:’03

much hi gher than the power | evel
used for base stations of a mcrocell. Since the nobile station is
| ocated in the mcrocell 14 and is in comrunication with the base

station 16 présehtghnpention gingnaiot fligvitiedeto compupigatd amsyshens which
may interf ] Q] ' ; . Vs Juge 5 [

and the ni %‘S%%W%%?% EREBUINGTLERRLIRe PR the £ ToPhe DRk S can
operating &e ektharperthogonal |Rlesk ¢edes & PirerEheggRals black. sodes.-
be 10-20 deci bel s above t he conmuni cati on signal between the nobile

station and the m,crocel |l base stati.on. n, if .the processin i n
of tlhe cDvAn overall view of a CDMA baseii celft\ﬁai: :Iradtio t%lep%on'e %y%%lem,

5 of the type in which the present invention can be implemented, is
illustrated in block diagram form in Figure 8. In this Figure,
a transmitter 51 and a receiver 52 are depicted in block form.
The transmitter might be present at a base station of the radio
telephone communications system, and' the receiver could be

10 located in a mobile unit, for example. -Alternatively, the
transmitter could be that of a mobile unit with the receiver
located in a base station.

Referring to Figure 8, speech which is generated by one of the
participants in a telephoné conversation is provided as an input -
15 signal to a speech encoder 54. The speech encoder can be a
conventional encoder which converts the speech signal into a
digital signal according to any of the well known types of speech
digitizing algorithms. Examples of such algorithms which are
employed in conventional speech encoders include Cantinuously
20 Variable Slope Delta Modulation (CVSD), Adaptive Delta Pulse Code
Mcdulation (ADPCM), Residual Excited Linear Predictive Coding
(RELP) and Vector Code Book Excited Linear Predictive Coding
(VSELP). The par'ticula'r type of encoder that is selected in a
given application will depend upon various design factors, such
25 as the desired compromise between bit rate reduction and encoder

cost and complexity.

After the speech signal has been digitized in the encoder 54 its
bandwidth is expanded to produce a CDMA signal in CDMA encoder
55. . In the preferred implementation, the CDMA bandwidth
30 expansion is obtained by means of (128,7) orthogonal block
encoding. In addition to block encoding the digitized speech
signal with the block codes, the scrambling device: 56 ‘also
scrambles the encoded signal with a unique cipher code .that.ic
assigned to.the communication. The encryption can, for exanmyle,
35 consist of the bitwise modulo-2 addition of a unique scrambling

THIS SHEET HAS BEEN
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20 systemis | arge—enough to handle such interfering signals, the

capacity of the systemw || be decreased. Furthernore, if the nobi | e
station 18 were to asBeeniReplagedir el | a cel | base station 12, the
nobi | e SwelgpPI609 WO crease its power whi CRCTYSES3/00303
interfere with the il mi Iistat'ioﬁl-ﬂ?in 25  the uplink direction.
Figure 2 illustrates the problenms that can occur around the bor der
bet ween snall (urban) and large (rural) cells. A rural cell 20

COT 1S 500553, TR Sl ML R AT e s diifen ana

border betusmernofhscrambl itg Icaiesirare hdescor ibedelin 20-pending/\ikiS ¢ hkatent

mobi I e st i on bSe TBK Ba it i Ji T &8s O t1PE18AT 8W April 10, 1992, for

"Multiple Access Coding for Mobile Radio Communications®, which

5 is expressly incorporated here by reference. Since all

communications preferably employ the same block codes to expand

their bandwidth, the scrambling of the encoded signals with the

unique cipher codes enables the various communications to be

distinguished from one another, as described in greater detail in

10 the previocusly mentioned copending paterit applications which are
incorporated by reference.

Once the digitized speech signal has been encoded with the block
code and scrambled with the cipht_er code, it is passed to a
parallel to serial converter 58. In this circuit, the scrambled

15 speech signal is converted into a serial signal that is provided
to a modulator 60. A carrier signal at a suitable carrier
frequency F., is modulated with the scrambled speech signal,
amplified in an amplifier 62, and transmitted to the receiver 52
of the other participant in the conversation.

20 At the receiver 52, which can be located in a mobile unit for
example, the transmitted signal is received, demodulated to
remove the carrier frequency in a demodulator 64, and reconverted
into parallel form in a serial to parallel converter 66. The
received signal is then unscrambled in a descrambling circuit 68

25 that is provided with the same cipher code that was used to
scramble the signal. Once the signal has been unscrambled, it is
provided to a Fast Walsh transform circuit 70 that determines
which of the possible 128 bit orthogonal code words was
transmitted. In operation, the Fast Walsh transform circuit 70 '

30 simultaneously computes the correlation of the received code word
with each possible code word, and determines the code word having
the highest correlation. This determination is carried out in a
s”ignal discrimination circuit 72. A Fast Walsh Transform and a
Maximum Search Circuit are described in co-pending U.S. Patent

3s Application Serial No. 07/735,805, filed oun July 2S5, 1991, Sor
“Fast Walsh Transform Processor", and U.S.
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A, the questlon becones ' es the nobile station bel ong.
If the nobile statloqugmggﬁggghggﬂg t he base station 20 in the

ur ban cm
t he signal's
| evel s betmeen t

power
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ban base

Serial No. 07/761,380, filed on September 18, 1991, for "Maximum
Search_Circuit",'both of which are expressly incorporated here by
reference. The signal discriminated code word is then provided
to a speech decoder circuit 74, which converts it into the
original speech signal. The signal strength of the received
signal can be stored in a memory 76. |

In addition to the desired signal pertaining to the conversation
of interest, the receiver 52 also receives signals pertaining to
other conversations. For example, the receiver in a mobile unit
receives sigﬁal broadcast from the base station to all of the
other mobile units within the cell. In essence, these other
received signals constitute noise relative to the desired signal
pertaining to the conversation of interest. In a preferred
implementation of the present invention, these other signals are
also individually descrambled and decoded, in the order of their
received signal strength. Once each of these "noise" signals is
determined, it can then be rescrambled and subtracted from the
original received signal, to thereby reduce interfering noise and
facilitate decoding of the desired signal.

In another embodiment of the present invention, discontinuous
transmission (DTX) and discontinuous reception (DRX) are used to
allow a mobile station to measure the signal strength of signals
on frequencies other than the frequency the mobile station is
presently operating on. Figure 9 illustrates a typical speech
pattern in a communication system. As illustrated, a typical
speech pattern of a telephone conversation consists of periods of
speech activity 40 intermingled with periods of silence 42 or no
speech activity.

An example of a speech frame in a communication system is
illustrated in Figure 10. At the beginning of each speech frame |
45, code signals 47 called "DTX FLAGS" can be inserted before the
speech information section 49 to indicated whether the rest of
the speech frame contains speech information. 1In this example,
code signals A indicate to a receiver that speech information
will follow, while code signals B indicate to the receiver that

r\
Ti;
\‘)r x.; \)"‘r*
i\ ,11 \,r ) \‘
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statio_né. | f the nobile station is connected to the base station 22 in.
the rural cell 20, the nobife station will have to increase t he power
of its own transm ssi Qﬂssﬂgetgfagjgerenk gglequatel y communi cate with the
base statjy station's transm ?’i‘{]ﬁ SEWM 3
interfere W ?%/?zlﬁe reci mﬂlﬁlﬁ ba&@‘statlon 26 since e rr%\%i %0.
station is closer to t tation. SUMVARY OF THE | NVENTI ON
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the transmitter is going to discontinue transmission for the
remainder of the speech frame. As a result, a receiver can
discontinue processing that signal for the remainder of the
speech frame and regqularly measure the signal strength of
neighboring base stations.

The present invention provides a communication system which
utilizes "discontinuous transmission" (DTX) in a manner that
enables receiver synchronization ‘to be maintained while
increasing system capacity, and is therefore particularly well
suited for use in CDMA communications' systems. To this end,
according to one aspect of the present invention, a speech frame
structure is deliberately imposed on the speech encoding method,
even for those encoding methods which are inherently
structureless. The speech signal is examined for the presence or
absence of active speech. If no active speech is detected during
the duration of an entire frame, the transmission of the frame of
digitized speech code words is inhibited.

As another feature of the invention, a receiver only attempts to
demodulate the received signal for a limited number of sequential
code words. If the signal is not observed to reach a minimum
threshold of correlation with a valid code sequence, no further
attempts at demodulating that signal are carried out for the
remainder of the predetermined time corresponding to the speech
frame.

Further in accordance with this aspect of the invention, the
speech frame structure of a rultiplicity of overlapping CDMA
signals transmitted from the same base station are given a fixed
relative time alignment. This alignment of the signals allows
mobile receivers that are decoding at 1least one signal to
accurately anticipate when other signals, that have been
temporarily silenced through discontinuous transmission, are
likely to resume transmission. Thus, receiver synchronization
and framé aligument inforwation can be obtained from signals
other than thz rpecific information signal destined for the

receiver.




The présent i nvention overcomes the above-menti oned probl ens by 10

al l ocating di fferenﬂ'hlﬂs nB¢eeRe;Mcecset s of frequencies to cells wth
differen For exarrpl e, unbrella  pcr98EY3/00863
assi gned%éngg};éw operat'é 18n, while . mcrocells are
assigned a different se cies to operate on. The sets of

frequenci es should be suff|C|entIy separated in 15 order to decrease

|nterference n rent ce der to aIIo t he
communi cat PE \égj%'t oq?? gﬁﬂ?l eaiégpg'?ﬂﬁ renlaha oY$,& fixed
present inpattern | of udegfseter detntdmwy the fdat‘ﬁeeentl nsdnga'xmls)odl nefthis

of the presg%{'@%@ﬁ%‘ﬁ%ﬁ PR2°times AAUNIL 'dhe' MY AAUTRIN C214RY1s can

system t r afd
resume transmission to be evenly distributed over the period of

S a speech frame. Thus, the times at which the receiver attempts
to demodulate the various signals is also distributed to aveoid
undesired peaks in receiver activity. According to a further
feature of the invention, the speech frame timing for
transmissions from a mobile transmitter is derived from the

10 speech frame timing of signals it receives from the base station.
Thus, the relative timing that the base station chooses for
transmissions from the base stations to the mobile receiver is
reflected in ‘the relative frame timing between mobile
transmissions to the base station, thereby providing the base

15 station receiver with the benefits of staggered frame alignment.
An exemplary CDMA éommunication system is ‘disclosed in U.s.
Patent Application Serial No. 866555 , filed April 10, 1992,
entitled "“Discontinuous CDMA Reception" and is incorporated
herein by reference.

20 When a receiver receives a signal from a transmitter which
indicates that the transmitter is going to discontinue
transmission for the remainder of the speech frame, the receiver
can change frequencies to measure the signal strength of
neighboring base stations. The measured signal strengths can be

25 stored in a memory in the mobile station and updated
periodically. As a result, each mobile station can send the
stored base station signal stréhgth information to their
respective base stations when requested to do so during Mobile
Assisted Handoff.

30 While the invention has been described in its preferred
embodiments, it is to be understood that the words that have been
used are words of description rather than of limitation, and that
changes .within the purview of the present claims may be made
-without departing from the . true scope of--the invention and its

3s broader aspects.




20 sequence. FEach base station transmts a pilot-sequence on each

of the frequencies assigned to the particular base station as wel | as
sonme or all of the oﬂheSM$w Ben@qm&mused in the conmuni cati on system
whi ch ar W@@S/ﬁ%@ gne cul ar base station. PpCT/SESS/00303
t he pil ot-sequence 5| ecei véd®at each nobile station

al ong with other S|gnals c n speech information and noi se,
each nobile station will have to use a subtractive denodul ati on
process to f all of the received signals to detect and
decode the [s. Using the subtractive 30 denodul ati on

process, alwbid eesthad of ccommuenication dacadecdpedivisionnmylidplenaccess
signal s be'g(}ﬂ;é%ﬁ' ) PR %ééé‘téﬁ?{tlons arid dQlurdl ity of
det ect and e 4#£éf?%?8§% enc% éeg, s broadcast vy
mobile statlons comprlslng e steps of:
5 dividing said plurality of base stations into separate groups of

base stations based upon their transmission power levels; and

assigning each group of base stations a set of frequencies to
transmit on, wherein base stations of different groups do not

snare frequencies for traffic communication.

10 2. A method of communication in a code division multiple access
system according to claim 1, wherein base stations of umbrella
cells are grouped together and base stations of microcells are
grouped together.

3. A method of communication in a code division multiple access

15 system according to claim 1, wherein base stations of urban cells
are grouped together and base stations of rural cells are grouped
together.

4. A method of communication in a code division multiple access
system according to claim 1, wherein said plurality of base

20 stations are divided into at least two separate groups of base
stations based upon their individual size.

5. A method of communication in a code division multiple access
system according to claim 1, further comprising the steps of:

transmitting a pilot sequence from each base station on all
25 frequencies assigned to each base station and at least one of the

frequencies not assigned to each individual base stations;

receiving pilot sequences from neighboring base stations at each

mobile station; - -

measuring the signal strendEh of each received pilot-sequence; and
30 storing the measured sic 1 strenguns for the neighburing base

l l|||||| "lI“ I||“ “I|I“ |II| . -T;:fh k3 '-_-:z_-—r Lo g
%* c L M [ * Pied Mpliiiv: tiAM DLLN

. .

/

acvations.




fromvarious base stations in the communication system As a resul t,
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6. A method of communication in a code division multiple access
system according to claim 5, further comprising the step of:

regularly transmitting the stored signal'strengths to a base
station.

7. A method of communication in a code division multiple access
system according to claim 5, further comprising the step of:

transmitting the stored signal strengths to a requesting base
station.

8. A method of communication in a code division multiple access
system according to claim 1, further comprising the steps of:

framing speech activity of a speech digitizer in a base station
transmitter into fixed frames corresponding to a fixed whole
number of bits;

.generating an activity indication for each fixed frame containing

speech activity:

discontinuing the transmission of a base station transmitter when
there is no activity indication and resuming the transmission of
the transmitter only at fixed frames identified by the activity
indication;

deciding whether the transmitter has or has not discontinued
transmission only'at predetermined fixed times which correspond
to frames of speech bits at the input of a speech decoder in a
mobile station receiver; ' -

regularly changing frequencies when discontinuous transmission is
detected; | _

measuring signal strength of signals received from neighboring
base stations on other frequencies after discontinued
transmission has been detected; and

storing the measured signal strength .of the neighboring base
stations

_ This Sheet‘Has Been Replaced " - .
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frequehcy and sinul%aeeeus#y—ﬁeaSﬂfe—%he signal strength of the

nei ghbori ng base stati.o s g the signal strength their

pil ot - sequences whi ¢ casted on the sane frequency.

S In argphrrfyegodi. sent ntlon, t he presenPCT/SE93/00303
|nvent|on takes advan |nuous ansnission (DTX) and

di sconti nuous reception (DRX) to neasure the signal strength of
nei ghbori ng base stati ons. is well known that the capacity of a

DS- CDMVA sy
only when ft
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§hem C%{Léi!? & PRE Oébﬁﬁhﬁ'ﬂ:a%lm{ &h 'ai cfbdé Wéﬁﬁ%&&lp!’écﬂﬁéess
er& P TN Ornat ron to be transmtted
systen accordlnq to claim 1, where dlfferent frequency sets are

separated by a frequency guard band.

10. % method of communication in a code division mualtiple
access system aceording to claim 8, further comprising the step
of:

regularly transmitting the setored signal strengths to a base

station.

1. A method of communication in a code. division multiple
access system according to claim 8, further comprising the step
of:

transmitting the stored signal strengths to a requesting base
station.

12. An improved radio communication system including at least
one transmitter, having a speech digitizer for speech activity,
for <transmitting «code division multiple access radio
communication signals having a spread spectrum code; and at least
one receiver having a speech decoder, for receiving the code
division multiple access radio communication signa'ls, comprising:
means for framing the speech activity of the speech digitizer
into fixed frames corresponding to a fixed whole number of bits:
means for generating an activity indication for each fixed frame
having speech activity:

means for discontinuing the transmission of the transmitter when
there is no activity indication and for resuming the transmitter
only at fixed frames identified by the activity indication;
means for deciding whether the transmitter has or has not
discontinued transmission only at predetermined fixed times which
corresponds to framer of speech bits at the *‘nput of the speech

. decoder;
means for r -ularly .chAnging frequen:ies .en discontinuous
transission detected;

* € L M S * .




other words the transmtter is turned off during a pause in speech.

| f the transmtter bemhRiSReebRisBgeniReplaedd of f transmits a message whi ch
tells th |V t ha ion will be di scont,j zgﬁﬁ
certain &é?ggi%&;ti rreU“ﬂElﬂH m}ﬂrcah 482-15 the rest of i’kﬂ. %630%
period to measure sign ot her signal s on other
frequencies. As a result, a nobile station can nmeasure the signal
strength of other base stations. BRI EF DESCRI PTI ON OF THE DRAW NGS

The presen@eanfentfein WReaswoinge 8hscr signaln mhnenghhi |ofy tsigmals from
reference iilghbhd¥ i badet HRUH 1B S a®t el a1 V6t i Med JitHatSmission has
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been detected; and
means for storing the measured signal strengths of the base

stations.

13. A method of communication in a code division multiple access
system containing a plurality of transmitters and a plurality of
receivers comprising the steps of:

framing speech activity of a speech aigitizer in a transmitter
into fixed frames corresponding to a fixed whole number of.bits;
generating an activity indication for each fixed frame containing
speech activity:;

discontinuing the transmission of a transmitter when there is no
activity dindication and resuming the transmission of a
transmitter only at fixed frames identified by the activity
indication:

deciding whether the transmitter has or has not discontinued
transmission only at predetermined fixed frames which correspond
to frames of speech bits at the input of a speech decoder in a
receiver;

regularly changing frequencies when discontinuous transmission is
detected:;

measuring signal strength of signals received from neighboring
base stations after discontinued transmission has beeh'detected:

and
\

storing the measured signal strength of the neighboring base
stations.

14. A method of communication in a code division multiple
access system according to claim 13, further comprising the step

of:

»'regularly'ffgﬁgmitting the stored signal strengths to a base

station.
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onIy-by way of exanpteand Ttiustrated in the acconpanyi ng dr awi ngs
i'n whi ch: Fi guf ﬁeéthgstgbgﬁﬁgpﬁgeda typi cal arrangenent of unbrella

cells in m croc re 2 illustrates a comunication

syst em wiweo 93{21699 and m“ul |l's; =23= Figure 3 illustPG/EEIY 0830}
station with a pilot- ' i n one enbodi ment of the present
I nventi on; Figure 4 shows a series of graphs illustrating how CDVA
signals 30 are gener at ed; Figures 5 and 6 show a series of graphs

for illusti@ting Aovmé&Emdd of cemgunficatdomecimed; code divdgion7 mhbhkphe
series of ?&é@@é 5#%%}5:{ %%d&ﬁ'ﬂ\éﬁt%@fa?ﬁ 1M, furthdf"OShbAISPRg the step
0 one € ment  of

accordi ng present
of:

transmitting the stored signal strengths to a requesting base
5 - station. '

16. A method of communication according to claim 13 wherein the
transmitter is located in a cellular base station and the
receiver is located in a mobile station.

17. In a multiple access, spread spectrum communication system
10 for communication informatioh signals, which include speech,

control and pilot-sequence signals, between a plurality of base

station and a plurality of mobile stations, a method comprising:

coding blocks of bit sequences of an information signal;

scrambling each said coded information signal using a unique
15 selected scrambling bit sequence; '

transmitting said scrambled coded signals from each base station;

receiving a composite signal of overlapping, transmitted signals;

descrambling said composite signal using one of said unique

scrambling bit sequences to distinguish coded information signals
20  from a selected base station from other signals in said composite

signal; |

recursively correlating said composite signal with block codes

corresponding to said information signals;

determining which block code generates a greatest correlation and
25 producing a correlated signal:

successively removing said correlated signal from said composite

signal:

rescrambling a residual portion of said correlated, composite

signal using said corresponding block codes to generate a series
30 of recorded signals:

detecting received pilot-sequence signals;

measuring the signal strength of each received pilet sequence

sigr ; and

zto t the measured signal screngths of the received pilot
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18. A method of communication in a code division multiple access
system according to claim 17, further comprising the step of:
regularly transmitting the stored signal strengths to a base
station.

19. A method of communication in a code division multiple
access system according to claim 17, further comprising the step
of:

ttansmitting the stored signal strengths to a requesting base
station. '

20. In a multiple access, spread spectrum communication system
for communicating information signals, which include speech,
control and pilot-sequence signals, between a plurality of base
stations and a plurality of mobile stations, a transmitter in

“each base station including:

coding means for coding blocks of bit sequences of an information
signal,

means for scrambling each information signal using a unique
selected scrambling bit sequence corresponding to one of said
base stations, and '

means for transmitting said block coded information signal; and
receiving means in each mobile station for receiving a composite
signal of overlapping, transmitted signals, including:
descrambling means for descrambling said composite signal using
one of said unique scrambling bit sequences to distinguish coded
information signals from a selected base station from other
signals in said compoéite signal;

correlation means for recursively correlating said composite
signal with block codes corresponding to said information

signals;

comparison means for determining a block code that generates a
greatest correlation and ﬁéf=ﬁf6ducing a correlated signal;

‘signal removal means for success.vely removing said correlated

signal from said composite signal;

T ]




Figure 8 illustrates a block diagramof a CDVA conmmuni cations system

of a type in which the present invention can be advant ageousl y

enployed gure 9 illustrates typical speech activity i t
|nve“@?5¥21 Figure 10 illustra2%s a speech frane Pgiﬂﬁﬁgbﬁéﬁﬂ

enbodlnent of the present invention. DETAI LED DESCRI PTI ON COF

THE

PREFERRED EMBODI MENTS Wil e the fol | ow ng description is in

t he context of cell ul ar

10

rescrambling means for recording a residual portion of said
correlated, composite signal using said corresponding block codes
to generated a series of recorded signals;

detection means for detecting received pilot-sequenceé:
measuring the relative signal strength of each received pilot

sequence; and
storing the measured signal strengths of the received pilot

sequences.

21. The system accdrding to claim 20, wherein said block codes
are formed using Walsh-Hadamard matrices.

22. The system according to claim 20, wherein said block codes
are orthogonal block codes.

23. The system according to claim 20, wherein said block
codes are bi-orthogonal block codes.
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10 communi cation systens involving portable or nobile radio

t el ephones and/ or personal communication networks, it wll be

understood by those of ordinary skill in the art that the present

i nvent i iy G418 appl i ed to other communication applicati oRET/SEI/00IR { he
present 1 nvention, different sets of frequencies are 15 assigned to cells

with different transm ssion power |evels. For exanpl e, mcrocells can
be assigned a set of frequencies mhi?qgis' different fromthe set of
frequenci es assigned to an unbrella / cell. Furthernore, the different
sets of frequencies should be separated by a frequency band which is

| arge enough to decrease 20 interference in the system As a result, the
i nterference caused by the powerful signals generated in the unbrella
cell wll be decreased since the nobiles operating in the mcrocells
within :
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the unbrella cell will be using frequencies that are different from

t he frequencies used by the unbrella cell. 25 However, assigning
different sets of frequencies to different t ypes of gﬁétéggsawéos '
dr awbac kyposyiweb9e Mobi | e Assi sted Handoff . (NAHO) is n .
Mobil e Assisted Handoff is not possible since nobiles are
continuously receiving signals on their own frequency so they are
unabl e to sinultaneously neasure the spgnal 30 strength of other signals
on ot her frequencies. I n one enbodi ment of the present invention
all of the base section in [err] -comuni cation systemtransm .
[err] known pil ot - sequence. [err] ilot-sequence is transmtted just

li ke any ot her
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type o6f channel, i.e., atraffic channel. However, t he pi | ot
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sequence nmay contain no information or a |limted anmount of
I nformation. The pil ot -sequence’IhisSMIﬁsBeeaBsphctd ed in the downl i nk

direction. Each base station transmm-’| I'H;llsm mequence 5 o\rﬁlge:&clh of the
frequeng| l.gned to that parti station RET 90303,
sone orwﬁﬁ"‘%ﬁ#’ﬁe 0 assigned to that

frequencies that aren

particul ar base station. If the frequency has been assigned to the o
base station, the correspondi ng pil 2&-9 " sequence is transmtted with )
slightly nore power than the other channels in the base station.

When the base station is transmtting a pilot-sequence on a friequency

t hat has not bee assiigpned to ft he base stgtion, thephase stgti™®n
just transmts_the gt ot'- sequ e.at a power level sjnitar to fotRer
pi | ot - sequence! - -
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As illustrated in Figure 3, traffic channel 31 and a pilot- 15

each
sequence 33 are cofB B cation with a unique PN sequence
34 The traffic chan & pi | ot - sequence are conbi ned q#

addi t i ogych 932968 35 ; ting'signal 36 is nb&dYAELH 09303,

nmodul ator 37 and anplified in an anplifier 38 and I S subsequently
transmtted fromthe base station 30 through 20 ant enna 39. Si nce
the pilot-sequence signals are receigpg at each nobile station al ong
wi th other signals containing speech™ nhf ormation i ntended for the
respective nobile_station and noise, eagh nobile_ statias will have to
use a subtracti denodul pt) on proc tQ, 25 'sort throughjakl of the
recei ved signal s jto detect and decode flhg, - o~
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desired si gnals. As a result, each nobile statlon Can recei ve its own
signal on its own frequency and sﬁh;sl&hamﬁ

strengths of all of the neighbori ng E
frequenyy 93/21699er nore, the maasure ths 30 P&%@g@ﬂ?ed in

a menory in the nobile station and up ate peri odically.
result, each nobile station can send the stored base statlon,
signal strength information gl r respective base stations at
regul ar intervals or when requeste to do so during Mobile Assisted
Handof f . o - |
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t hereby achieve an increaSe in systemcapacity, is provided t hr ough
the ‘use of a subtractive defpdyldinis®ledRepleR@8S. General ly 10 speaki ng, a

receiver in this type of sys{ erate to. decode an
singl e Weydayerbesi gnal in themlm mglm 1arge Ut T/TESSR0308 o ng
signals.  Rather, a nunber o

signals, both interfering and

desired, are successively decoded in the order of their received
signal strength wherein the 15 st est received signal is decoded
first. After being decoded, ea Interfering signal is recorded and
subtracted fromthe received signal, to thereby reduce the §§
interference that is present when the desired signal is decoded.fﬁ
Wth this approach, a |arger nunber of signals, each having a S
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20 u_hiAue PN- sequence or scranbling code to provide a neans of

di scrifmnating them fromone another, are permitted to overl ap. I'n the
fol l-ow ng enbodi nents, either a PN-sequence or scranbling codes can be
used. | WERA2E9uni cati on systens, each base stati onPﬁTzIéSEBQ!Qme
PN- sequences or scranbling codes which are 25 assi gne

stations, while in other systens each nobile station has |ts own

PH sequence or scranbling code. The c ﬁgl ty of such’“@ﬁ% HerBeexSRdjm&
limted by theoretical bounds, but rather by the armu

processi ng resources that are avai l abl e to denodul ate lm “ ,!mp
of signals. 30 Subtractive denodul ation will now be descri

conjunction the signal graphs shown in Figs. 4-6 which set forth
exanpl e
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- waveforns in the coding and decodi ng processes involved in

+ traditional CDVA systens. Using these sane wavef orm exanpl es from
Figs. 4-6, the inproved performance of the present in ‘ﬁ?og_ﬂr ST——0ver
conventional CDVA is illustrated in Fig. 7. -f‘:5=f'tl‘f! SHEET |
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CDMA FREQUENCY ALIOCATION

D OF I ON

The present invention relates to the use of Code Division
Multiple Access (CDMA) communications techniques used in cellular
S radio telephone communication systems, and more particularly, to
the allocation of frequencies to "cells with different
transmission power levels in a CDMA cofmunication system.

BACKGROUND OF THE INVENTION

The cellular telephone industry has made phenomenal strides in

10  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, the effects of rapid growth will soon reach even the
smallest markets. Innovative solutions are required to meet

1s these increasing capacity needs as well as to maintain high
quality service and avoid rising prices.

Throughout the world, one important step in cellular systems is
to change from analog to digital transmissions. Equally
important is the choice of an effective digital transmission
20 scheme for implementing the next generation of cellular
technology. Furthermore, it is widely believed that the first
generation of personal communication networks (PCN) (employing -
low cost, pocket-sized, cordless telephones that can be carried
comfortably and used to make and receive c¢alls in the home,
25 office, street, car, etc.), would be provided by the cellular
carriers using the next generation digital cellular systenm
infrastructure and the cellular frequencies. The key feature
demanded in these new systems is increased traffic capacity.
Currex.!fly, channel access is achieved using frequency division
30 multiple access (FNMA) and time-Guvisior ultiple access (1uMA)
methods. 1In FDMA, a conmunLicarion cha.nel is a single radio




- 10- Two different data streans, shown in Fig.
represent digitized information to be comuni cated over
comuni cation channels. Signal 1 is nodul ated using
digital code unique to signal 1 as shown in 5 si gha
pur poses of the present invention, the -2-term"bit"
of the information signal. The term"bit period" r
peri od between the start and the finish of the bit

"chip" refers (2 eQEnc
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the use of bandpass filters which only pass signal energy within
the speéified frequency band. Thus, with each channel being
assigned a different frequency, system capacity is limited by the
available frequencies as well as by limitations imposed by
channel radios.

In TDMA systems, a channel consists of a time slot in a period
train of time intervals over the same frequency. Each period of
time slots is called a frame. A given signal's energy is
confined to one of these time slots. Adjacent channel
interference is limited by the use of a time gate or other
synchronization element that only passes signal energy received
at the proper time. Thus, the portion of the interference from -
different relative signal strength levels is reduced.

Capacity in a TDMA system is increased by compressing the
transmission signal into a shorter time slot. As a result, the
in:_fdmation nust be transmitted at a correspondingly faster bit
rate which increases the amount of occupied spectrun
proportionally.

With FDMA or TDMA systems, or a hybrid FDMA/TDMA system, the goal
is to ensure that two potentially interfering signals do not
occupy the same frequency at the same time. In contrast, CDMA
allows signals to overlap in both time and frequency. Thus, all
CDMA "'signals share the same frequency spectium. In either the
frequency or the time domain, the multiple access signals appear
to be on top of each other. '

In principle, the information data stream to be transmitted is
first coded or spread and then combined with a long PN-sequence
or a shorter scrambling-sequence. In the latter case, the
scrambling-sequences are planned from cell to cell so: that
neighboring cells wuse different scrambling-sequences  or
scrambling-masks. The information data stream and the PN-
s'equcnce or the scrambling sequence can have the same or



! .
of the chip signal. Naturally, the bit period is nmuch greater

than
the chip period. The result of this nodul ation, which isj essentratt
t he product of the two signal waveforns, is shown in RERLAS éf'ﬁ&i'r gri
(c). In Boolean notation, the nodulation of two 15 bi nar y—wavef-orms—Ts
essentially an exclusive-OR operation. A simlar seri of ADpE’{"ayl QNS
is carried out for 'signal 2 as shown =¥ signal graphs 2 (f)
practice, of course, many nore than two. coded i nfofneation blg[laIS ar g

spread achSSaim:Eﬁe%nwces. Tﬁ@eﬁitbﬂﬂ&%hi&ﬂtﬂ Eofesfchhalvhe el ephone
communi cationg quen%g ?z‘ @x& f iﬁ ei\t.se lﬁ'@dﬁ;@i@&i'ﬂ hﬁlﬁ ingt! 1 €T
usi ng any type ulat1on u QEJ% L%% hase Shi ft
Keyi ng (B e E&cﬁtmﬁlﬁ Eﬁ'r ri h fﬂﬁgm a%e ABn°
channel is allocated a unique - spreading code. A plurality of
s coded information signals are transmitted on radio freguency
| carrier waves and jointly received as a composite signal at a
receiver. Each of the coded signals overlaps all of the other
coded signals, as well as noise related signals, in both
frequency and time. By correlating the composite signal with one

10 of the unique codes, a corresponding _i.nforma.tion signal is
isolated and decoded.

There are a number of advantages associated with CDMA
communication techniques. The capacity limits of CDMA based

_ cellular systems are projected to be up to 20 times that of
15 existing atialog technology as a result of the properties of a
wideband CDMA system, such as improved coding gain/modulation
density, voice activating gating, sectorization and reuse of the

same spéctrum in every cell. CDMA transmission of voice by a

high bit rate decoder ensures superior, realistic voice quality.

20 CDMA also provides for variable data rates allowing many
different grades of voice quality to be offered. The scrambled
signal format of CDMA completely eliminates cross~-talk and makes

it very difficult and costly to eavesdrop or track calls,

. ensuring greater privacy.to callers and greater inmmunity from
e o 25 air-time fraud.

Despite the nunerous advantages offered by CDMA, problems can
occur when the CDMA system contains different size cells which
have different power levels. One problem is how to allocate
frequencies between the different types of cells. While this
30 problem can be easily handed in traditional FDMA or TDMA systems,
. the problem is quite serious in CDMA systems because all of the
frequencies are used throughout the system. This problem occurs,
for example, when microcells are used within unbrel].a cells and
at the border between urban and rural arezs where ¢ tferent size
-5 ceils are used. The general proble: is that the uplink (from
mobile station to base station) and aownlink (from base station
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interface. At a radio receiver, such as a ceIIuIar basg—st-attor [
“of the signals that overlap in the allocated frequency ZEeﬁﬁﬁbnﬁmndthg*e
recei ved together. The individually coded signals argadded;—as

represented in the signal graphs (a)-(c) of Fig. 5, e ﬁownra§ﬂ7
conposite sitgnal waveform After devodul ati on off the” Fecei ved 5|gnbl
to the appropriate baseband frequency, the decodi ng of~THhe COMpoOSI t
signal takes 30 place. Signal 1 may be decoded or de-spread by

vrr/lu't LI Plh)elxl E%I ;Q__g mobile rset'.c@igﬁficﬁaq{&?? §¥ ﬁ&@e Qtt b@cai:'eﬂnﬁt ﬂ@@&m@c)
t

e used orl at shomn
in the signal Place. oThgndpgplink,h &g g?r{f'% ;4 S %n ?‘ifzeedtt o Eci de
t he pol awicrgcéll ¢haprthieowplink handeff "Fr-"i"Gr " 0") of each information

Figure 1 illustrates a typical scenario of the use of microcells
5 within umbrella cells. An umbrella cell 10 contains a base
station 12 and a plurality of microcells 14. Each microcell 14
contains a base station 16. 1In this example, a mobile station 18
is located near the umbrella base station 12 but is located in a
microcell 14. The base station for an umbrella cell 10 generally
10 operates at a power level which is much higher than the power
level used for base stations of a microcell. Since the mobile
station is located in the microcell 14 and is in communication
with the base station 16, the high powered signals from the
umbrella base station 12 may interfere with the communications
15 between the mobile station 18 and the microcell base station 16.
Since the umbrella base station is operating at a high power
level, the interfering signals can easily be 10-20 decibels above
the communication signal between the mobile station and the
microcell base station. Even.if the processing gain of the CDMA
20 system is large enough to handle such interfering signals, the
capacity of the system will be decreased. Furthermore, if the
mobile station 18 were t6 connect to the umbrella cell base
station 12, the mobile station 18 would have to increase its
power which would -interfi-_zre with the microcell base station 16 in
25 the uplink direction.

Figure 2 illustrates the problems that can occur around “the..
border between small (urban) and large (rural) cells. A rural’

cell 20 contains a base station 22 and an urban cell 24 contains

a base station 26. In this example, a mobile station is located

30 near the border between the urban cell 24 and the rural cell 20.
When the mobile station is moving in the direction of the arrow

A, the question becomes to which cell does the mobile station

- belong. If the mobile station is connected to the base station
z7'in the urban cell 24, the mobile stat:l.on may encounter an

35 interference from the signals from the rural base station 22 due
to the different power levels between the rural and urban base
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bit period of the signal.
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base station.
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stations. If the mobile station is connected to the base station
22 in the rural cell 20, the mobile station will have to increase
the power of its own transmission in order to adequately
comnunicate with the base station 22. As a result, the mobile

‘station's transmission will interfere with the reception of the

base station 26 since the mobile station is closer to that base
station.

Y OF ON

The present invention overcomes the above-mentioned problems by
allocating different frequencies or sets of frequencies to cells
with different transmission power levels. For example, umbrella
cells are assigned one set of frequencies to operate on, while
microcells are assigned a different set of frequencies to operate
on. The sets of frequencies should be sufficiently separated in
order to decrease interference between different cells.

In order to allow the communication system to use Mobile Assisted
Handoff (MAHO), the present invention includes several other
features. In one embodiment of the present invention, all base
stations in the communication system transmit a known pilot-
sequence. Each base station transmits a pilot-sequence on each
of the frequencies assigned to the particular base station as
well as some or all of the other frequencies used in the
communication system which are not assigned to that particular

Since the pi.lot-sequgnée signals will be received at each mobile
station along with other signals containing speech information
and noise, each mobile station will have to use a subtractive
demodulation process to sort through all of the received signals
to detect and decode the desired signals. Using the subtractive
demodulation process, a mobile station can detect and decode the
information signals being f&nt to that particular mobile station
as welll.as detect and decode the pilot-sequence signals broadcast
from various base stations is1 the communication system. As a
result, each mobile station can receive its own signal on its own



These deci sions may be nmade by taking an average or najority_vote of
t he ﬁhip polarities during one bit period. Such "hard deci si on”
maki hg processes are acceptable as long as there is no
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their pilot-sequences which are being broadcasted on the same
frequency.

In another embodiment of the present invention, the present
invention takes advantage of discontinuous transmission.(DTX) and
discontinuous reception (DRX) to measure the signal strength of
neighboring base stations. It is well known that the capacity of
a DS-CDMA system can be approximately doubled if a transmission
occurs only when there is information to be transmitted. 1In
other words the transmitter is turned off during a pause in
speech. If the transmitter before being turned off transmits a
message which tells the receiver that the transmission will be
discontinued for a certain period of time, the receiver can use

the rest of the time period to measure signal strengths of other

signals on other frequencies. As a result, a mobile station can
measure the signal strength of other base stations.

IEF DESCRI (0) G8

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

Figure 1 illustrates a typical arrangement of umbrella cells in
nicrocells;

Figure 2 illustrates. a communication system with rural and urban
cells; '

- Figure 3 illustrates a base station with a pilot-sequence signal

in one embodiment of the present invention:

Figure 4 shows a series of graphs illustrating how CDMA signals
are generated.

Figures 5 and 6 show a series of graphs for illustrating how CDMA
~E5Pals are decoded;

Figure % shows & series of .graphs iliustrating CDMA subtractive

demodulation. ;according to one embodiment of .the present
invention;

£p|Ab

anbi gui ty. For exanmple, during the first bit period in5 kR g‘”?’*%ﬁﬂfg a
(f), the average chip value is +0.67 whiche- readi | yj
polarity +1. Simlarly, in the third bit period, tijhe
whi ch indicates a bi't pol arity of +1. However, whgnever..the avera

zero as illust r%t tJ}\% sxmulé%%gﬂglp'ﬂeagﬁfé Qﬁine E
aver agi ng test

In anbi guous si® 8ﬁ§"g g’“?ofg hb%’fsaq" me




used to determne the bit .polarity. For exanpl e, an anal og voltage

‘proportional to the received signal after despreadiin L.ET
i ntegrated over the nunber of chip periods correspdn EFWEMLNT gﬁ

sijngl e
information bit. The sign or polarity of the net onj rlesul t
i ndi cates that the bit value is a +1 or -1. Th f isijgnal
2, simlar to that of signal 1, is <7l ustrated ip _the signal graphs
(a)-(d) of Fig. 6. After decodi ng, there areijno anbi guous bit
polarity-situations. 20 Theoretically, this decodis used
to decode eveg e 8 ijh@BetateBabh BREES dlagkhr 6ONPOcMAe comgumdcationsieal |y,

t he cont’xmgut | op ¢ of ggp\/\éantigd,wﬂir&er{ﬂl BleSdfthali fivértidhniddnzepe i f the

'advantageously employed;
Figure 9 illustrates typical speech activity in the present
5 invention; and

Figure 18 illustrates a speéch frame for one embodiment of the
present invention.

While the following description is in &he context of cellular
10 communication systeme involving portable or mobile radio
teler=vnes andjor personal communication networks, it will be

understood by those of ordinary skill in the art that the present
invention may be applied to other communication applications.

In the present invention, different sets of frequencies are

15 assigned to cells with different transmission power levels. For
example, microcells can be assigned a set of frequencies which is
different from the set of frequencies assigned to an umbrella
cell. Furthermore, the different sets of frequencies should be
separated by a frequency band which is large enough to decrease

20 interference in the system. As a result, the interference caused
by the powerful signals generated in the umbrella cell will be
decreased since the mobiles operating in the microcells within
the umbrella cell will be using frequencies that are different
from the frequencies used by -the umbrella cell.

25 However, assigning different sets of frequencies to different
' types of cells has a drawback in that Mobile Assisted Handoff
(MAHO) is not possible. Mobile Assisted Handoff is not possible
since mobiles are continuously receiving signais on their own
frequency so they are unable to simultanecusly measure the signal

30 strength of other signals on other frequencies.
Ir one embodiment 2f the p-esent .nvention, xll of the base
. =ions in s+ cusmunication system transmi. a known pilot-
se ience. ' ':1101;-sequence is transmitted just like any other



digital spreading codes are orthogonal to the unwanted sd |~ D
codes are orthogonal if exactly one half of their-bits
Unfortunately, only a certain nunmber of orthogonal

finite word | ength. Another problemis that ort hogorald LY ,can.g ?e

mai nt ai ned only when the relative tine _ alignnent en rgn% its i
strictly maintained. |n noving constantly, such | e--tH-a—-
systens, tinme alignnent is 30 difficult to achieve. When code

orthogonal ity cannot be guar ant eed, noi se-based signals
with the act uat¥RSi Pfs ERBRs infodut eBraffis; FPEFM Howevexyjdhge Rétett or s,
e.g., the nobi$eguenrepmele contaimonpainfomatiibh or a liwitedi gnowmd Yogoded

signal energi emedindeyen. t PRecPeisV-sdlqubh€e is only transmitted in the
downlink direction. Each base station transmits a pilot-sequence
on each of the frequencies assigned to that particular base
station as well as on some or all of the frequencies that are not
assigned to that particular base station. If the frequency has
been assigned to the base station, the corresponding pilot-
sequence is transmitted with slightly more power than the other
10 Channels in the base station. When the base station is

transmitting a plict-sequence on a frequency that has not been
- -assigned to the base station, une nase station just transmits the
pilot-sequence at a power level similar to otue. p;;-«_sequences.

5

As illustrated in Figure 3, each traffic_ channel 31 and a pilot-
is sequencé 33 are combined by multiplication with a unique PN-

sequence 34. The traffic channels and the pilot-sequence are

combined by addition in adder 35 and the resulting signal 36 is

modulated in a modulator 37 and amplified in an amplifier 38 and

is subsequently transmitted from the base station 30 through
20 antenna 39.

Since. the pilot~-sequence signals are received at each mobile
station along with- other signals containing speech information
intended for the respective mobile station and noise, each mobile-
station will have to use a subtraction demodulation process to

25 sort through all of the received signals to detect and decode the
desired signals. As a result, each mobile station can receive
its own signal on its own freguency and simultanecusly measure
the signal strengths of all of the neighboring base stations on
the same fregquency. Furthermore, the measured signal strengths

30 can be stored in a memory in the mobile station and updated
periodically. . As a result, each mobile station can send the
stored base station_ .signal strength information to their
respective base -S"Eati::ns at regular intervals or when requested
tordo- so duriug-Mobile Assicted ‘Handoff. - -

-, -~ ~
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An exemplary CDMA communication system with subtractive
demodulation is disclosed in U.S. Patent Application Serial No.
07/628,359, filed December 17, 1990, and U.S. Patent Application
Serial No. 07/739,446, filed August 2, 1991, which is a
continuation-in-part application thereof, both of which are
incorporated herein by reference. 1In the present system, the
ability to tolerate an increased number of interfering signals to
thereby achieve an increase in system capacity, is provided
through the use of a subtractive demodulation process. Generally
speaking, a receiver in this type of system does not operate to
decode only a single desired signal in the presence of a large
number of interfering signals. Rather, a number of received
signals, both interfering and desired, are successively decoded.
in the order of their received signal strength wherein the
strongest received signal is decoded first. After being decoded,
each interfering signal is recorded and subtracted from the

received signal, to thereby reduce the interference that is -

present when the desired signal is decoded.

With this approach, a larger number of signals, each having a
unique PN-sequence or scrﬁmbling code to provide a means of
discriminating them from one another, are permitted to overlap.
In the following embodiments, either a PN-sequénce or scrambling
codes can be used. In some communication systems, each base
station has a set of PN-sequences or scrambling codes which are
assigned to mobile stations, while in other systems each mobile
station has-its own PN-sequence or scrambling-code. The capacity
of such a system is not limited by theoretical bounds, but rather
by the amount of _the signal processing resources that are
available to demodulate a multiplicity of signals. '

Subtractive demodulation will now be described in conjunction the
signal graphs shown in Figs. 4~6 whicr set forth example
wvaveforms in the coding and decoding pirocesses involved in
traditional CDMA systems. Using these -same waveform examples
fror Figs. 4-6, the improved performance of the present inveution
ove: .onventional ~.Ma is illustrated in Fi.. 7.

ThlS Sheet Has Been Replaced -
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gai n refers to thepperarsitegcommunigation ciiatingldl y Ségnahilsis medubatedpnsioant on
t he communi cat i®dhigh bit rate, digital code unique to signal 1 as shown in

5 signal graph (b). For purposes of the present invention, the
term "bit"™ refers to one digit of the information signal. The
term "bit period" refers to the time period between the start and
the finish of the bit signal. The term “chip® refers to one
digit of the high rate coding signal. Accordingly, the chip

10 period refers to the time period between the start and the finish
of the chip signal. Naturally, the bit period is much greater
than the chip period. The result of this modulation, which is
essentially the product of the two signal waveforms, is shown in
the signal graph (c). In Boolean notation, the modulation of two

15 binary waveforms is essentially an exclusive~-OR operation. A
similar series of operations is carried out for signal 2 as shown
in signal graphs (d)-(f). In practice, of course, many more than
two. coded information signals are spread across the frequency
spectrum available for cellular telephone communications.

20 Each coded signal is used to modulate a RF carrier using any type
of modulation technique, such as Quadrature Phase Shift Keying
(QPSK). Each modulated carrier is transmitted over an air
interface. At a radio receiver, such as a cellular base station,
all of the signals that overlap in the allocated frequency

25 bandwidth are received together. The individually coded signals
are added, as represented in the signal graphs (a) {c) of Fig. 5,
to form a composite signal waveform.

After demodulgtion of the received signal to the appropriate

baseband frequency, the decoding of the composite signal takes
30 place. Signal 1 may be decoded or de-spread by multiplying the
received composite signal in the signal graph (c) with the unique
code used originally to modulate signal 1, as shown in the signal
graph (4d)}. .The resulting —siqn,al is analyzed to decide the
poiarity -(high or low, +1 er -1, “in or ®0") of each information
35 - bit period of the-signal. ..
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the signal graph (f), the average chip value is +0.67 which
readily indicates a bit polarity +1. Similarly, in the third bit
period, the average is +0.80 which indicates a bit polarity of
+1. However, whenever the average is zero as illustrated in the
second bit period, the majority vote or averaging test fails to
provide an acceptable polarity value.

In ambiguous situations, a “"soft decision™ making process must be
used to determine the bit polarity. For example, an analog

voltage proportional to the received signal after despreading may

be integrated over the number of chip periods corresponding to a
single information bit. The sign or polarity of the net
integration result indicates that: the bit value is a +1 or -1.

The decoding of signal 2, similar to that of signal 1, is
illustrated in the signal graphs (a)-(d) of Fig. 6. After
decoding, there are no ambiguous bit polarity situations.

Theoretig_:ally, this decoding scheme can be used to decode every
signal that makes up the composite signal. Ideally, the
contribution of unwanted, interfering signals is minimized if the
digital spreading codes are orthogonal to the unwanted signals.
Two codes are orthogonal if exactly one half of their-bits_ are
different. Unfortunately, only a certain number of orthogonal
codes exist for a finite word length. Another problem is that
orthogonality can be maintained only when the relative time
alignment between signals is strictly maintained. 1In movin_g
constantly, such as in cellular systems, time alignment is
difficult to achieve.

When code orthogonality cannot be quaranteed, noise-based signals
may interfere with the actual hit sequences produced by differecat
code generators, e.w., the mobile ¢«lephclue. in comparison with

the originally coded signal energies, however, the eénergy of the
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Tecnol ogy, My 1991.

noise signals is usually small. The term wprocessing gain® is
often used to compare relative signal energies. Processing gain
is defined as the ratio of the spreading or coding chip rate to
the underlying information bit rate. Thus, the processing gain

5 is essentially the spreading ratio. For example, a one kilobit
per second information rate modulated by a one megabit per second
coding signal has a processing gain of 1000:1.

Large processing gains reduce the chance of decoding noise
signals modulated using uncorrelated. codes. For example,
10 processing gain is used in military contexts‘ to measure the
suppression of hostile jamming signals. ‘In other environments,
such as cellular systems, processing gain refers to suppressing
other, friendly signals that are present on the communication
channel with an uncorrelated code. In the context of the present
15 invention, noise includes both hostile and friendly signals. 1In
fact, noise is defined as any other signals other than the signal
of interest, i.e., the signal to be decoded. Expanding the
example described above, if a signal-to-interference ratio of
10:1 is required, and the processing gain is 1000:1, conventional
20 CDMA systems have the cépacity to allow up to 101 signals to
share the same channel. During decoding, 100 of the 101 signals
are suppressed to 1/1000th of their original interfering power.
The total interference energy is thus 100/1000 or 1/10 as
compared to the desired information signal energy of one (1).
25 With the information signal energy ten times greater than ‘the

interference energy, the information signal may be correlated
accurately. )

Together with the required signal-to-interference ratio, the
_ processing gain determines the ‘number of allowed overlapping
30 signals in the same channel. That this is still the conventional
view of the capacity limits of CDMA systems may be gleaned by
reading, for example, "On the Capacity of a Cellular CDMA
System," by Gilhousen, Jacobs, Viterbi, Weaver #iid Wheatly, IEEE .
Transactions on Vehicular Techpology, May 1991. '

- - -
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In contrast to the conventional view, an import

present invention is the recognition that the suppression of

friendly CDMA signals is not limited by the processing gain of

the spread spectrum demodulator as is the case with the

5 supﬁression of military type jamming signals. A large percentage

of the other signals included in a received, composite signal are

not unknown jamming signals or environmental noise that can not

be correlated. Instead, most of the noise, as defined above, is

known and is used to facilitate decoding the signal of interest.

10 The fact that most of these noise signals are known, as are their

corresponding codes, is used in the present invention to improve

system capacity and the accuracy of the signal decoding
process.

Rather than simply decode each information signal from the
15 composite signal, the present invention also removes - each
information signal from the composite signal after it has been
decoded. Those signals that remain are decoded only from the
residual of the composite signal. Consequently, the existence of
signal transmissions in the communications channel from the
20 already decoded signals do not interfere with the decoding of
other signals. For example, in Fig. 7, if signal 2 has already
been decoded as shown in the signal graph (a), the coded fcrm of
signal 2 can be constructed as shown in the signal graphs (b) and
(c) and subtracted from the composite signal in the signal graph
25 (d) to leave coded signal 1 in the signal graph (e). Signal 1 is
recaptured easily by multiplying the coded signal 1 with code 1 .
to reconstruct signal 1. It is significant that had the
conventional CDMA decoding method been unable to determine
whether the polarity of the information bit in the second bit
30  period of signal 1 was a +1 or a -1 in the signal graph (f) of
Fig. S, the decoding method of the present invention would
effectively resolve that ambigquity simply by removing signal 2
from the composite signal.
Te Jarther facilitate an understanding of the invention, a
sp. fic example iy described where a Walsh-Hadamard (1232, 7)
blck coding technique is employed to provide. channel cod:. .3 and
spreading in CDMA modulation. However, the principles c: the
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An overall view of a CDM'A based cellular radio telephone system,
of the type in which the present invention can be implemented, is
illustrated in block diagram form in Figure 8. In this Figure,
a transmitter 51 and a receiver $2 are depicted in block form.
The transmitter might be present at a base station of the radio
telephone communications system, and' the receiver could- be
located in a mobile unit, for example. Alternatively, the
transmitter could be that of a mobile unit with the receiver
located in a base station.

Referring to Figure 8, speech which is generated by one of the

participants in a telephone conversation is provided as an input -

signal to a speech encoder 54. The speech encoder can be a
conventional encoder which converts the speech signal into a
digital signal according to ahy of the well known types of speech
digitizing algorithms. Examples of such algorithms which are
employed in conventional speech encoders include Continuously
Variable Slope Delta Modulation (CVSD), Adaptive Delta Pulse Code
Modulation (ADPCM), Residual Excited Linear Predictive Coding
(RELP) and Vector Code Book Excited Linear Predictive Coding
(VSELP). The particulit type of encoder that is selected in a
given appliéation will depend upon various design factors, such
as the desired comprémise between bit rate reduction and encoder
cost and complexity.

After the speech signal has been digitized in the encoder 54 its
bandwidth is expanded to produce a CDMA signal in CDMA encoder
55. _In the preferred implementation, the CDMA bandwidth
expansion is obtained by means of (128,7) orthogonal block
encoding. 1In addition to block encoding the digitized speech
signal with the block codes, the scrambling  device: 56 also
scrambles the encoded signal with a  unique cipher code .that.ic
assigned to.the communication. The encryption can, for-example,

consist of the bitwise modulo-2 addition of a unique scrambling
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cations®*, which
is expressly incorporated here by reference. Since all
communications preferably employ the same block codes to expand
their bandwidth, the scrambling of the encoded signals with the
unigque cipher codes enables the various communications to be
distinguished from one another, as described in greater detail in
the previously mentioned copending patent applications which are
incorporated by reference.

once the digitized speech signal has been encoded with the block

code and scrambled with the cipher code, it is passed to a

parallel to serial converter 58. In this circuit, the scrambled
speech signal is converted into a serial signal that is provided
to a modulator 60. A carrier signal at a suitable carrier
frequency F. is modulated with the scrambled speech signal,
amplified in an amplifier 62, and transmitted to the receiver 52
of the other participant in the conversation.

At the receiver 52, which can be located in a mobile unit for
example, the transmitted signal is received, demodulated to
remove the carrier frequency in a demodulator 64, and reconverted
into parallel form in a serial to parallel converter 66. The
received signal is then unscrambled in a descrambling circuit 68
that is provided with the same cipher code that was used to
scramble the signal. Once the signal has been unscrambled, it is
provided to a Fast Walsh transform circuit 70 that determines
which of the possible 128 bit orthogonalm code words was
transmitted. In operation, the Fast Walsh transform circuit 70
simultaneocusly computes the correlation of the received code word
with each possible code word, and determines the code word having
the highest correlation. This determination is carried out in a
ﬁignal discrimination circuit 72. A Fast Walsh Transform and a
Maximum Search Circuit are described in co~-pending U.S. Patent
Application Serial WNo. 07/735,805, filed on July 25, 1991, for
"Fast Walsh Transform Processorc", and U.S. Patent Application
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To anorther facilitate an understanding of the invention Rangﬁ cu.fic_
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techhi que is enployed to provide channel coding and T Spreadt ﬁg”"HGT
CDVMA nodul ation. However, the principles of the 29 AFR 087
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Serial No. 07/761,380, filed on September 18, 1991, for "Maximum
Search Circuit", both of which are expressly incorporated here by
reference. The signal discriminated code word is then provided
to a speech decoder circuit 74, which converts it into ‘the

S original speech signal. The signal strength of the received
signal can be stored in a memory 76.

In addition to the desired signal pertaining to the conversation

of interest, the receiver 52 also receiw_res signals pertaining to

other conversations. For example, the receiver in a mobile unit

10 receives signal broadcast from the base station to all of the

other mobile units within the cell. - In essence, these other

. received signals constitute noise relative to the desired signal

pertaining to the conversation of interest. In a preferred

implementation of the present invention, these other signals are

1s also individually descrambled and decoded, in the order of their

received signal strength. Once each of these "noise" signals is

determined, it can then be rescrambled and subtracted from the

original received signal, to thereby reduce interfering noise and
facilitate decoding of the desired signal.

.20 . In another embocdiment of the present invention, discontinuous
transmission (DTX) and discontinuous reception (DRX) are used to
allow a mobile station to measure the signal strength of signals
on frequencies other than the freguency the mobile station is
presently operating on. Figure 9 illustrates a typical speech

25 pattern in a communication system. As illustrated, a typical
speech pattern of a telephone conversation- consists of periods of
speech activity 40 intermingled with periods of silence 42 or no
speech activity. '

“

An example of a speech frame in a communication system is
30 illustrated in Figure 10. At the beginning of each speech frame
45, code signals 47 called "DTX FLAGS" can be inserted before the
speech information section 49 to indicated whether the rest of
the speech frame contains speech information.. "In this example,
code signals A indicate to a receiver that speech information
3s will follow, while code signals B indicate to the receiver that

‘This Sheet-Has Been Replaced
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the transmitter is going to discontinue t'r:ansm ssion
remainder of the speech frame. As a result, a receiver can
discontinue processing that signal for the remainder of the
speech frame and regularly measure the signal strength of
neighboring base stations.

The present invention provides a communication system which
utilizes "discontinuous transmission" (DTX) in a manner that
enables receiver synchronization to be maintained while
increasing system capacity, and is therefore particularly well
suited for use in CDMA communications' systems. To this end,
according to one aspect of the present invention, a speech frame
structure is deliberately imposed on the speech encoding method,
even for those encoding .methods which are ' inherently
structureless. The speech signal is examined for the presence or
absence of active speech. If no active speech is detected during
the duration of an entire frame, the transmission of the frame of
digitized speech code words is inhibited.

As another feature of the invention, a receiver only attempts to
demodulate the received signal for a limited number of sequential
code words. If the signal is not observed to reach a minimum
threshold of correlation with a valid code sequence, no further
attempts at demodulating that signal are carried out for the

remainder of the predetermined time corresponding to the speech
frame.

Further in accordance with this aspect of the invention, the
speech frame structure of a multiplicity of overlapping CDMA
signals transmitted from the same base station are given a fixed
relative time alignment. This alignment of the signals allows
mobile receivers that are decoding at least one signal to
accurately anticipate when other signals, that have been
temporarily silenced through discontinuous transmission, are
likely to resume transmission. Thus, receiver synchronization
and framé aligument information can be obtained from signals

other than tha cpecific information signal destined for the
receiver.
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resume transmission to be evenly distributed over the period of
a speech frame. Thus, the times at which the receiver attempts
to demodulate the various signals is also distributed to avoid
undesired peaks in receiver activity. According to a further
feature of the invention, the speech frame timing for

REPLEDS IENT SHEED uf? be

transmissions from a mobile transmitter is derived from the -

speech frame timing of signals it receives from the base station.
Thus, the relative timing that the base station chooses for
transmissions from the base stations to the mobile receiver is
reflected in ‘the relative frame timing between mobile
transmissions to the base station, thereby providing the base
station receiver with the benefits of staggered frame alignment.
An exemplary CDMA communication system is disclosed in u.s.

Patent Application Serial No. _866555 , filed April 10, 1992,

entitled "Discontinuous CDMA Reception® and is incorporated
herein by reference.

When a receiver receives a signal from a transmitter which
indicates that <the  transmitter is going to discontinue
transmission for the remainder of the speech frame, the receiver

. can change frequencies to measure the signal strength of

neighboring base stations. The measured signal strengths can be
stored in a memory in the mobile station and updated
periodically. As a result, each mobile station can send the
stored base station signal strength information to --their

respective base stations when requested to do so during Mobile
Assisted Handoff. :

While the invention has been described in its preferred
embodiments, it is to be understood that the words that have been
used are words of description rather than of limitation, and that
changes .within the purview of the present claims may be made

.without departing from the:.true scope of-the invention and its

broader- aspects.

This Sheet Has Been R laced

| THIS SHEET HAS BEEN
REPLACED




Modul ati on ( ADP idual Excited Linear Predictive prCogrg————i(-RELP
and Vector Code Book Excited Linear Predictive Coding | REPLACHSENP)SHHHTe
parti cul ar type of%ﬂi@dﬂhsBe&ﬁReﬂa&dsel ected in a girven-appteati-pn

wi |l depend upon vammmmy"ﬂﬂ ctors, such 25 as {he¢ ?[aslmd w07
conprom se bet ween Ei on and encoder bost ™ and”
conpl exi ty. Arter h si gnak®has been di gi trzed-t+n—the
encoder 54 its bandwi dth i s expanded to produce p CDVA signal in Cl
encoder 55. In the preferred inplenmentation, Che—CBvA-bandwdt
30  expansi ongx Srpgbepangk by neans of  (128,7) orthogonal bl ock
encodi ng. In di ti o) | A eI EN Lgnal
with the bl ocﬁflboée‘g;gbh%e,% c‘?%ﬁ?%?ﬁ%v?gga q%gba‘?i;@gigaeﬁﬁls% %‘rﬂéer@cgsagghe
encoded si gnal SYF%e® SORYAGIRIA BABF c°f (Pase;gtations and a plurality of
mobile stations comprising the steps of:
5 dividing said plurality of base stations into separate groups of

base stations based upon their transmission power levels; and

assigning each group of base stations a set of frequencies to
transmit on, wherein base stations of different groups do not
share frequencies for traffic communication.

10 2. A method of communication in a code division multiple access
system according to claim 1, wherein base stations of umbrella
cells are grohpéd together and base stations of microcells are
grouped together.

3. A method of communication in a code division multiple access
15 system according to claim 1, wherein base stations of urban cells

are grouped together and base stations of rural cells are grouped
together.

4. A method of communication in a code division multiple access
system according to claim 1, wherein said plurality of base

‘20 stations are divided into at least two separate groups of base
stations based upon their individual size.

5. A method of communication in a code division multiple access
system according to claim 1, further comprising the steps of:

transmitting a pilot sequence from each base station on all

25 frequencies assigned to each base station and at least one of the
' frequencies not assigned to each individual base stations;

receiving pilot sequences from neighboring base stations at each
mobile station; - . '

measuring the signal stréndth of each received pilot-sequence; and

30 storing the measured sic 1 strenguins for the neighburing base
scations.
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6. A method of communication in a code'divig&ea—nultiplg_gggg§§~

. system according to claim 5, further comprising the step of:

regularly transmitting the stored signal strengths to a base
station.

7. A method of communication in a code division multiple access
system according to claim §, further comprising the step of:

transmitting the stored signal strengths to a requesting base
station.

8. A method of communication in a code division multiple access
system according to claim 1, further comprising the steps of:

framing speech activity of a speeéh digitizer in a base station
transmitter into fixed frames corresponding to a fixed whole

number of bits:;

generating an activity indication for each fixed frame containing
speech activity:

discontinuing the transmission of a base station transmitter when
there is no activity indication and resuming the transmission of
the transmitter only'at fixed frames identified by the aqtivity
indication;

deciding whether the transmitter has or has not discontinued
transmission only at predetermined fixed times which correspond
to frames of speech bits at the 1nput of a speech decoder in a
mobile station receiver;

regularly changing frequencies when discontinuous transmission is
detected;

measuring signal strength of signals received from neighboring
base stations on other frequencies after discontinued
transmission has been detected; and

storing the measured signal strength .of the neighboring base
stations
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code to the block code before transnmission. The sel eqtTom—am——use
scranbl i ng codes—are described—im Pat ent No. 5, 35BEBBE it dHEhRT
Cct ober 4, 1994, £ & Radi o=

d
=
=

_ _ TR Bedlflchibdah € Access Coding for Mol

Communi cat i ons", . Spcet Has eMﬁe{’ pressly incorporated epe by rEferlence.
Since all co Hm'mllﬁr(ef erably enploy the danme bl ock codes |t o
expand their 1 scranbl T4y of the endod ]

farsTwth
uni que ci pher codes enabl es the various conmuni cationg to be =
di stingui shed from one another, as described in greater detail 1n 10
previously ment i oQeehehelcHEidoamini@itionpph i sbentivikion migiple access

| ncor por at ed bs\ng-.gIneargcno% ing to claim 1, where different frequency sets are

separated by a frequency guard band.

10. 2 method of communication in a code division multiple
5 access system according to <claim &, further comprising the step
of:

regularly transsitting the stored signal strengths to a base
station. - y

11. A method of communication in a code division multiple

10 access system according to claim 8, further comprising the step
of:

transmitting the stored signal strengths to a requesting base
station.

12. An improved radio communication system ' including at least
1s one transmitter, having a speech digitizer for speech activity,
for transmitting «code division multiple access radio
communication signals having a spread spectrum code; and at least
one receiver having a speech decoder, for receiving the code
division multiple access radio communication signals, comprising:
20 means for framing the speech activity of the speech digitizer *
into fixed frames corresponding to a fixed whole number of bits;
means for generating an activity indication for each fixed frame
having speech activity:
means for discontinuing the transmission of the transmitter when
25 there is no activity indication and for resuming the transmitter
only at fixed frames identified by the activity indication:
means for deciding whether the transmitter has or has not
discontinued transmission only at predetermined fixed times which
corresponds to framer of speech bits at the input of the speech

30 | decoder:
means for r -ularly changing frequencies .en discontinuous
transeission detected;
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Once the digitized speech signal has been encoded wih.the bhlock

“and scranbled with the cipher code, it is passed tq REPLA
serilal convert er ThiSShebtHat Bées RGHcd!i t, the scranbl ed
converted into a hat is provided

carrier signal at jngMHHmmm rier -244 equencyf
with the scranble . anplified in

transmtted to the recei ver 52 of the other pcrtici pant
conversati on.

unit for

ca_-mn,araBHEETtro ,

in t he

h
aéls go;E' t hleeeats; gnel vﬁ'e Zsi.gnaic sltq.%ﬂ

r

renove the car!‘?j&mPFMePﬁP ﬁf-a&iﬂé‘hﬁﬁeﬁ Glisc‘UlFm&ﬁ‘El F’é”dﬁ%é?’t% has
into parall el besnmdeteetetsr aad t 0 parallel converter 66. The

10

1S

20

25

30

means for storing the measured signal strengths of the base
stations.

13. A method of communication in a code division multiple access
system containing a plurality of transmitters and a plurality of
receivers comprising the steps of: '

framing speech activity of a speech aigitizer in a transmitter
into fixed frames corresponding to a fixed whole number of bits;
generating an activity ind:.catlon for each fixed frame containing
speech activity:

discontinuing the transmission of a transmitter when there is no
activity indication and resuming the transmission of a
transmitter only at fixed frames identified by the activity
indication:;

deciding whether the transmitter has or has not discontinued
transmission only at predetermined fixed frames which correspond
to frames of speech bits at the input of a speech decoder in a
receiver;

regularly changing frequencies when discontinuous transmission is
detected;
measuring signal strength of signals received from neighboring

base stations after discontinued transmission has been detected;
and

{

storing' the measured signal strength”of the néighboring base
stations.

14. A method of communication in a code division multiple

access system according to claim 13, further comprising the step
of:

-

- regularly ‘Er&ﬁamitt.ing the stored signal strengths to a base

-station.
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received signal~L§~Lhﬁﬂ_ﬂﬂ§Eng$L§gdin a descranbling circuit- 68 25 that
Is provided with the sane cip e that was used Lo scranhl e the

signal . Once the SisPhedt Hnas.e nscranbled, it is}| ReplAEavizdedutor § Fast
Wal shtransform.ci h t er m nes whi ¢h Qf...the pnqqyﬁ?% 128
bit orthogonal cod f Mﬂ M, transm tted. In operq%goqhntgg Fast

S #

Wl sh transform circul si mul t art@dlsly conpyt g he-car el afi gn of
t he received code word - wi th each possi bl e code|wd I nes

t he code word havi ng t he highest correlation. This determ nationiis
carried out imsa A metgod| odi comhwnivation &nraupredgdivn }
Transform andagcess sylkBehadBoPahg toCelLin 133 fardAeL Iddipisind)the dtpent 35
No. 5,357,4540' gsued on Cctober 18, 1994, for "Fast Wal sh Transform
Processor", and U. S. Patent -

transmitting the stored signal strengths to a requesting base
S station.

16. A method of communication according to claim 13 wherein the
transnitter is located in a cellular base station and the
receiver is located in a mobile station.

17. In a multiple access, spread spectrum communication system
10 for communication information signals, which include speech,
control and pilot-sequence signals, between a plurality of base
station and a plurality of mobile stations, a method comprising:
coding blocks of bit sequences of an information signal:
scrambling each said coded information signal using a unique
15 selected scrambling bit segquence:;
transmitting said scrambled coded signals from each base station;
receiving a composite signal of overlapping, transmitted signals;
descrambling said composite signal using one of said unique
scrambling bit sequences to distinguish coded information signals
20 from a selected base station from other signals in said composite
signal:;
recursively correlating said composite signal with block codes ~
corresponding to said information signals;
determining which block code generates a greatest correlation and
. 25 producing a correlated signal;
successively removing
signal; o
rescrambling a residual portion of said correlated, composite
signal using said corresponding block codes to generate a series
30 of recorded signals; '
' detecting received pilot-sequence signals;
measuring the signal strength of each received pilet sequence
sigr ; and '

cto 1 the measurnd signai strengths of the received pilot
sequ ces.

said correlated signal from said composite

%
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Search Crcuit"
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18. A method of communication in a cede divisliion multiple access
system according to claim 17, further comprigin y TE—
regularly transmitting the stored signal strengths to a base
station.

19. A method of communication in a code division multiple

access system according to claim 17, further comprising the step
of:

transmitting the stored signal strengths to a requesting base
station.

20. In a multiple access, spread spectrum communication system
for communicating information signals, which include speech,
control and pilot-sequence signals, between a plurality of base
stations and a plurality of mobile stations, a transmltter in
each base station including:

coding means for coding blocks of bit sequences of an information
signal,

means for scrambling each information signal using a unique
selected scrambling bit sequence corresponding to one of saia

“base stations, and

means for transmitting said block coded information signal; and
receiving means in each mobile station for receiving a composite
signal of overlapping, transmitted signals, including: _
descrambling means for descrambling said composite signal using
one of said uniqgue scrambling bit sequences to distinguish coded
information signals from a selected base station from other
signals in saia composite signal;

correlation means for recursively correlating said composite
signal with block codes corresponding to said information

- signals;

comparison means for determining a block code that generates a
greatest correlation and €6¥ Prdducing a correlated signal;

signal removal means for success.vely removing said correlated
signal from said composite signal;
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to a speech decoder circuit 74, which converts it into thr—&—-—er—pg-l_naJ____.
"speech signal . The signal strength of the received sﬁﬁfrhﬂCEkﬁéﬁTlE{EET
stored in a nenory 76. In addition to the desired pi grra+—-pef
to the conversation of interest, the receiver 52 alsp fe env (gf]
pertaining to - other conversations. 428~ exanple, the fetel ver”

nobile unit 10 recei ves signal broadcast fromthe base |st
t he other nobile units within the cell. 1In essence,| these other

received si 9“@% AR i g,utm%aﬂgl %srr%@&wﬁgtca t A idasl r pIreidTEE sa1d
pertal ni ng to the conversati o

i mpl ement at i or?°5FeH1teedpr‘é%’?ﬁ?csq*:ﬁ\feiﬁf'f’gr’i‘s"f’ﬂessaé'do?%rgsg?‘ggnla%db]aorcéc 9%'®® al so
i ndi vi dual | y desoenexsted ansexiesodtreqordedSignads: of their
detection means for detecting received pilot-sequences; :
5 measuring the relative signal strength of each received pilot
sequence; and

storing the measured signél strengths of the received pilot
sequences.

21. The system according to claim 20, wherein said block codes
10 are formed using Walsh-Hadamard matrices.

22. The system according to claim 20, wherein said block codes
are orthogcnal block codes. '

23. The system according to claim 20, wherein said block
codes are bi-orthogonal block codes.
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<

recei ved signal strength. Once each of these "noise" signals is
‘determned, it can then be rescranbl ed and subtracted froﬁEPIﬁEQR ENT SHEET
original received signal, to thereby reduce interferingi}noLse and.

facilitate decoding of the desired signal. 20 In andgt her gng? | B ?t of
the present invention, discontinuous transm ssion (D X) dnd: 1

di sconti nuous reception (DRX) are used 5% - allow a robile._stati.gn.t.g
nmeasure the signal strength of signals on frequenciles other than the
frequency the nobile station is AHATRR v operati ng—on.Ei.gre-8

Il lustrates a typical speech 25 pattern in a communi cati on system As
dAllustrated, a typical TDMAC PRERQUERCY Rir.ccA®™ophone conversation
consi sts of periods of speech activity 40 interm ngled with periods of

silence 42 or nB Code Division Multiple Access (CDMA) communication system
which allocates different sets of frequencies of cells with
different transmission power levels. Based upon the transmission
power levels of a base station for each cell, each base station
is assigned to one of at least two groups of base stations. Each
group of base station is assigned a set of frequencies for
traffic communication. The set of frequencies assigned to one
group of base stations does not overlap with the set of
frequencies assigned to a different group of base stations.

(No appropriate figure)

This Sheet Has Been Replaced.
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speech activity. An exanpl e of -a speech frame in a conmmuni cation

‘systemis 30 illustrated in Figure 10. At the begi nning of each spesech—
frame - 40, code signals 42 called "DTX FLAGS" can be ig,sﬂ%a(@ﬂﬁgpﬁ‘f SHEET
the - speech information section 47 to indicated whethjer “{he. . rest—of

the speech frame contains speech information In this exanplle,

49

. . . . . . < Pﬂa. N
signals Aindicafe to a receiver that speech information |35 2 147 o1 ow,
whil e code signals B indicate to the receiver that

1/9




-17- the transmtter is going to discontinue transm ssion for .the
remai nder of the speech frane. As a result, a receiver can

di scontinue processing that signal for the remainder of {he. .nr-:s8
frame and regul arly measure the signal strength of 5 n #“ﬁbﬁ??ﬁ@ggg@ ET
stations. - s - .
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,The present i nventi on provi des a communi cati on system which

utilizes
"di scontinuous transm ssion” (DTX) in a manner that

s.receiver

synthroni-zation to be maintained while

_ _ i ncreasi ng yRERIMGEAENT SHEERMN
is therefore particularly well 10 suited for use in —COH-C-at-l-0RS
systems. To this end, according to one aspect of "tjhe SeRk 4

i nvention, a speech frane structure is deliberatel inﬁésed 0n~§ﬁe
speech encodi ng net hod, even for those encoding| metheds—nhi-ch
are inherently . structurel ess. 3/9e speech signal i4 examned for the
presence or 15 absence of active speech. If no active }

during the durati omyof an entire frame, the transm ssion of the frame

of digitized speech de wogds is inhibited.
o _
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As another feature of the invention, a receiver only attenpts to

"denpdul ate the received signal for a limted nunber @f

words. Lf the signal is not observed to reach a m ni
correlation with a valid code sequence, no further

denodul ating that signal are carried out for the
predeterm ned tinme corresponding to the speech

i n accordance with this aspect of the invention,
structure of a multiplicity of over}jagpi hg COVA
fromthe sane base station are given a fixed
This alignnment of the signals allo
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‘pattern of offset

frame. Thus,

derived fromthe 10
base station.

Preferably,
bet ween

speech franme timng of s

the tinme alignnment
di fferent
arrangenent causes the times at which the different sign
transm ssion to be evenly distributed over the period of

. the tines at which the receiver
the various signals is also distributed to avoid
receiver activity. According to a further
the speech frame timng for .
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Thus, the relative timng that the base station chooses for
transm ssions fromthe base stations to the nobile receiver is
reflected- in the relative frane timng between nobi

transm ssions to the base station, thereby providing the :ﬁ’éP&ﬁCEgﬁﬁ;tg-gabi. )
receiver wth&thewenefits of staggered frame alignnent. exenpji@r T
CDVA conmuni cation systemis disclosed in U S. Pat ent 39, 557 |
i ssued on August 24, 1993 entitled "Di scontinuous nﬂf?ané

I S incorporateéed herein by ref er eM8e. 20 Wen a rgc '
signal froma trapsmtteks  which i nlicR es that
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can change frequencies to neasure the signal strength of

nei ghbori ng
‘base stations. The neasured signal strengths can be 25 rstoree—t-A—amm———
menory 4n the nobile station and updated perltxﬁﬁﬁﬂﬂﬁyMCﬂ§ 8HEET
result, each nobile station can send the stored base —steat+oa-—sighal
strength information to their respecti ve base stafign mhgaq 20
requested to do so during Mbile Assi st ed Handof f. 30 % “While~” zha
invention has been described in its .preferred b rodirent-s—t+t+— S
to be understood that the mordsiﬂuﬂSﬁ%ve been usedjare words of
description rather than of limtation, and that . chal
purvi ew of the present clains may be nade W t hout departlng ﬁﬁonlthe
true scope of-the invention and its
Sl
BN R SR [
& =
NS S S | Sx S
e &= P ~Ss .- &
S & S | X8 = &
SS H S I | 88 s S
AN S | 88 53 S
=||s|"|§|F 2
1 >,
Se S
NS =
I o <
'J T
_ & o« =
S
> S —-
S
S
&
Sy
xS
| S8
R A
X S N
a |- o
s b G | & '
%'\ G D =~ by
S S S S S
SS= S sSrs| 8 )
K & = % S )
5| | ® S \
__} \ \
<L =]
uw o

ory
FLAE
INSERTION



35 br oader éspects.
CLAI MS: What is clainmed is:

1. A nmethod of comung

di vi si on.-mul ti pl e access systemcontaining a plurality of
a plurality of rmblle stations conprising the steps of:

9/9
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yrom N1 al
di vidi ng said pl ural I t of base stations into.separate grougs of base: - o

st at.i ans based u si on power |evels; assignijng-each.: gﬁnup LEg
of base stations ncies to transmt on, whereiin ibase-stati+ors
of different grou f.requenci es for trafflc co niEat pon; 1998

transmtting a pilot sequence from eaciobase station on allJfequenciés
assi gned t L&g&% statl n and at | east one of the freq': ncl es ot

assi gned tg: bsase stations; receiving pilot [gequences from
nei ghbori ng base statlons at each nobile station;, nmeasuring the stgnal
strength of eact- AcRethod of pomEuDicHingdnecode diyisionsmulipleaceess Syierm eprtdingsigghal

strengths fy M@%m@ge BRehd ﬂﬂﬁ&ﬁ]ﬁﬁo?p obflé stations °°mg?s'% aCC{EEm nd of

comuni cati on a Cco e di vi si € access s gto claim

1, further c@@ngs@ph@%bﬁpnsaﬁtahomgﬁuaeﬂaajaxe gampsrot basegatitres ke wdnshenal

ase station.
strengths (g 2/ gsRecting,d

assigning each group of base stations a set of frequencies to transmit on, wherein base stations
of different groups do not share frequencies for traffic communication;

transmitting a pilot sequence from each base station on all frequencies assigned to each base
station and at least one of the ﬁ:cqucnéics not assigned to each individual base stations;

receiving pilot sequences from neighboring base stations at each mobile station;

measuring the signal strength of each received pilot-sequence; and

storing the measured signal strengths for the neighboring base stations.

2. A method of communication in a code division multiple access system according to
claim 1, further comprising the step of:

regularly transmitting the stored signal strengths to a base station.

3. A method of communication in a code division multiple access system according to
claim 1, further comprising the step of:

transmitting the stored signal strengths to a requesting base station.

4. A method of communication in a code division multiple access system according to
claim 1, further comprising the steps of:
framing speech activity of a speech digitizer m a base station transmitter into fixed frames
corresponding to a fixed whole number of bits;
generating an activity indication for each fixed frame containing speech activity;
discontinuing the transmission of a base station transmitter when there is no activity indication
and resuming the transmission of the transmitter only at fixed frames identified by the activity
indication;
deciding whether the transmitter has or has not discontinued transmission only at predetermined
fixed times which correspond to frames of speech bits at the input of a speech decoder in a mobile
station receiver; .

regularly changing frequencies when discontinuous transmission is detected;
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3. A nethod of comrunication in a code division nultiple access system
according to claiml1, further conprising the step of: transm.tting the
stored signal strengths to a requesting base station. REPLADEN Eﬁ'mgﬁgpg-d
of comuni cation in a code division nmultiple access systém .
claim11, further conprising the steps-eR0- fram ng speeg¢h jac, 'v%w ﬁéga
speech digitizer in a base station transmtter into fixeg firahgs®4
corresponding to a fixed whol e nunber of bits; generating e -
indicationf Wﬁe nmgn&og ~ s G AN

t he transm ssi ogﬁgg lgﬁ%ase station t?éaﬁggrﬁ%tter when théééﬁﬁenggé‘iﬁgéﬂgqﬂw&g
i ndi cation aftat diseentinued trainissionmtasbewi dstectsd; ande transnmitter only at fi xed
f rames identi st f : eg ﬂ? méag&‘re %1Ig|na1 sEangth of the neighboring base stations.

5. A method of communication in a code division multiple access system according to

claim 1, where different frequency sets are separated by a frequency guard band.

6. A method of communication in a code division multiple access system according to

claim 4, further comprising the step of:
regularly transmitting the stored signal strengths to a base station.

7. A method of communication in a code division multiple access system according to
claim 4, further comprising the step of:
transmitting the stored signal strengths to a requesting base station.

This Sheet Has Been Repmced

|||||I|| i

S SHEET HAS BEEN
RFPLA(TD
PLACE

THI

* [ L " S *




I ndi cati on; deciding whether the transmtter has or has not discontinued
transm.ssion only at predeterm ned fixed times whi ch cor espgnd to franes

receiver; regularly changing frequenci es when di scontin ous-
detected, -21-

ABSTRACT

CDMA FREQUENCY ALLOCATION

A Code Division Multiple Access (CDMA) communication system
which allocates different sets of frequencies of cells with
different transmission power levels. Based upon the transmission
power levels of a base station for each cell, each base station
is assigned to one of at least two groups of base stations. Each
group of base station is assigned a set of frequencies for
traffic communication. The set of frequencies assigned to one
group of base stations does not overlap with the set of
frequencies assigned to a different group of base stations.

(No appropriate figure)
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AMeaped (o
measur i ng -si gnal strength of Sk gnal s received from nei ghboring base oD ¢

stations on other frequencies after, discontinued transfis i: gR-has-been.

detected; and storing the nmeasured signal -strength of he” feryiber it *’Jase
stati ons. . 5. A method of comunication in a cpdé¢ diyision nmulliple
access system according to claim1, where di%ferent frpqlielcy S 938 of
separated by a frequency guard band. 6. A nethod.of _communicafién
in a code division multiple access system according t

clal m 4, further :
conprising the ghepeRémplary CDMA communication syst .__subm:a.m:uJ
demodulation is disclosed in U.S. Patent No. 5,151,919

issued on September 29, 1992, and U.S. Patent No.
5,218,619 issued on June 8, 1993, which is a

5 'con.tinuation—in—part application thereof, both of which are
incorporated herein by reference. In the present system, the
ability to tolerate an increased number of interfering signals to
thereby achieve an increase in system capacity, is provided
through the use of a subtractive demodulation process. Generally

10 s'peaking, a receiver in this type of system does not operate to
decode only a single desired signal in the presence of a large
number of interfering signals. Rather, a number of received
signals, both interfering and desired, are successively decoded
in the order of their received signal strength wherein the

15 strongest received signal is decoded first. After being decoded,
each interfering signal is recorded and subtracted from the
received signal, to thereby reduce the interference that is
present when the desired signal is decoded.

With this approach, a larger number of signals, each having a

20 unique PN-sequence or scrambling code to provide a means of
discriminating them from one another, are permitted to overlap.
In the following embodiments, either a PN-sequence or scrambling
codes can be used. In some communication systens, each base
station has a set of PN-sequences or scrambling codes which are

25 assigned to mobile stations, while in other systems each mobile
station has-its own PN-sequence or scrambling code. The capacity
of such a system is not limited by theoretical bounds, but rather
by the amount of the signal processing resources that are
available to demodulate a multiplicity of signals.

30 ° Subtractive demodulation will now be described in conjunction the
signal graphs shown in Figs. 4-6 which set forth example
waveforms in the coding and decoding pirocesses involved in
traditional CDMA systems. Using these .same waveform eXamples
from Figs. 4-6, the improved performance of the present invention

35  over conventional CDMa is illustrated in Fig. 7.
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code to the block code before transmissiot: The selection an
use of scrambling codes are described in W=
No. 5,353,352 issued on October 4, 1994, for
“Multiple Access Coding for Mobile Radio Communications%, which
5 is expressly 'incérporated_ here by reference. Since all
communications preferably employ the same block codes to expand
their bandwidth, the scrambling of the encoded signals with the
unique cipher codes enables the various communications to be
‘distinguished from one another, as described in greater detail in
10 the previously mentioned copending patent applications which are
incorporated by reference.

Once the digitized speech signal has been encoded with the block
code and scrambled with the cipher code, it is passed to a
parallel to serial converter 58. In this circuit, the scrambled

1s speech’ signa'l is converted into a serial signal that is provided
to a modulator 60. A carrier signal at a suitable carrier
frequency F, is modulated with the scrambled speech signal,
amplified in an amplifier 62, and transmitted to the receiver &2
of the other participant in the conversation.

20 At the receiver 52, which can be located in a mobile unit for
example, the transmitted signal is received, demodulated to
remove the carrier frequency in a demodulator 64, and reconverted
into parallel form in a serial to parallel converter 6. The
received signal is then unscrambled in a descrambling circuit-68

25 that is provided with the same cipher code that was used to
scramble the signal. Once the signal has been unscrambled, it is
provided to a Fast Walsh transform circuit 70 that determines
which of the possible 128 bit orthogonal code words was
transmitted. In operation, the Fast Walsh transform circuit 70

30 simultaneously computes the correlation of the received code word
with each possible code word, and determines the code word having
the highest correlation. This determination is carried out in a
Signal discrimination circuit 72. A Fast Walsh Transform and a

, Maximum Search Circuit are described in U.S. Patent

3s No. 5,357,454 issued on October 18, 1994, for

“Fast Walsh Transform Processoc%, and U.S. Patent
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No. 5,187,675 issued on February 16, j1993, Tor—*Masedi myim
Search Circuit®, both of which are expressly incorporated here 1y
reference. The signal discriminated code word is then provided
to a speech decoder circuit 74, which converts it into the
original speech signal. The signal strength of the received
signal can be stored in a memory 76.

In addition to the desired signal pertaining to the conversation
of interest, the receiver 52 also receiyes signals pertaining to
other conversations. For example, the receiver in a mobile unit
receives signal broadcast from the base station.to all of the
other mobile units within the cell. In essence, these other
received signals constitute noise relative to the desired signal
pertaining to the conversation of interest. In a preferred
implementation of the present invention, these other signals are
also individually descrambled and decoded, in the order of. their
received signal strength. Once each of these "noise" signals is
determined, it can then be rescrambled and subtracted from the
original received signal, to thereby reduce interfering noise and
facilitate decoding of the desired signal.

. In another embodiment of the present invention, discontinuous

transmission (DTX) and discontinuous reception (DRX) are used to
allow a mobile station to measure the signal strength of signals
on frequencies other than the frequency the mobile station, is
presently operating on. Figure 9 illustrates a typical’ spéech
pattern in 'a communication system. As illustrated, a typical
speéch"pattern of a telephone conversation consists of periods of-
speech activity 40 intermingled with periods of silence 42 or no
speech activity.

An example of a speech frame in a communication system is
illustrated in Figure 10. At the beginning of each speech frame
40, code signals 42 called "DTX FLAGS®™ can be inserted before the
speech information section 47 to indicated whether the xest of
the speech frame contains speech information: In this example,
code signals A indicate to a receiver that speech information
will follow, while code signals B indicate to the receiver that
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Preferably, the time alignment relationship employs a filked
pattern of offset between the differgnt signals. Thi
arrangement causes the times at which the it-se-seﬂe—s-xqmrkr—cxj.
resume transmission to be evenly distributed over the period of
a speech frame. Thus, the times at which the receiver attempts
to demodulate the wvarious signals is also distributed to avoid
undesired peaks in receiver activity. According to a further
feature of the invention, the speech frame timing for
transmissxons from a mobile transmitter is derived from the
speech frame timing of signals it rece;.ves from the base station.
Thus, the relative timing -that the base. station' chooses for
transmissions from the base :stations to the mobile receiver is
reflected in ‘the relative frame timirig between mobile
transmissions to the base station, thereby providing the base
station receiver with the benefits of staggered frame allqnment.
An exemplary CDMA communication systen is dlsclosed in u.s.
Patent No. 5,239,557 issued on August 24, 1993

entitled "Discontinuous CDMA Reception® and is incorporated

herein by reference.

When a receiver receives a signal from a transmitter -which
indicates that the - transmitter is .going to discontinue
transmission for the remainder of the speech frame, the receiver
can change frequencies to measure the signal stréngth of
neighboring base stations. The measured signal strengths can be
stored in a  memory in the mobile station and updated
periodically. As a result, each mobile station can send the
stored base station signal strength information to -their
respective base stations ‘when requested to do so during Mobile
Assisted Handoff.

¥While the invention has been described in its preferred
embodiments, it is to be understood that the words that have been
used are words of description rather than of limitation, and that
changes .within the purview of the present claims may be made
without departing from the-.true seope of--the invention and its
broader aspects. '
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CLAIMS: What is claimed is:

1. A method of communication in a code division multipl | access system containing la

plurality of base stations and a plurality of mobile stations comprising the steps of
| dividing said plurality of base stations into.separate groups of base stations based upon their
transmission power levels; ) '

assigning each group of base stations a set of frequencies to transmit on, wherein base stations
of different groups do not share frequencies for traffic communication;

transmitting a pilot sequence from each base station on all frequencies assigned to each base
station and at least one of the frequencies not assigned to each individual base stations;

receiving pilot sequences from neighboring base stations at each mobile station;

measuring the signal strength of each received pilot-sequence; and

storing the measured signal strengths for the ncig_hboring base stations.

2. A method of communication in a code division multiple access system according to
claim 1, further comprising the step of:
regularly transmitting the stored signal strengths to a . respective base station.

3. A method of communication in a code division multiple access system according to
claim 1, further comprising the step of:
transmmmg the stored signal strengths to a requesting base station.

4. A method of communication in a code division multiple access system according to
claim 1, further comprising the steps of |
framing speech activity of a speech digitizer in a base station transmitter into fixed frames
correspondmg to a fixed whole number of bits;
gcncratmg an activity indication for each fixed frame containing speech activity;
discontinuing the transmission of a base station transmitter when there is no activity indication
and resuming the transmission of the transmitter only at fixed frames identified by the activity
indication;
deciding whether the transmitter has or has not discontinued transmission only at predetermined
fixed times which oom:sponci to frames of speech bits at the input of a speech decoder in a mobile
station receiver;

regularly changing frequencies when discontinuous transmission is detected;

* [+ L M S *
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measuring signal strength of signals received from neighboring basg stations on other frequenci

v

A

after discontinued transmission has been detected; and

storing the measured signal strength of the neighboring base stations.

5. A method o.f communication in a code division multiple access system according to

claim 1, where different frequency sets are separated by a frequency guard band.

6. A method of communication in a code division multiple access system according to

claim 4, further comprising the step of: |
regularly transmitting the stored signal sttengths toa respective base station.

7. A method of communication in a code division multiple access system according to
claim 4, further comprising the step of:
trapsmitting the stored signal strengths to a requesting base station.

A



