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CDMA J'RBQUBNCY ALLOCATION 

lIBLD OP TIE INVENTION 

The present invention relates to the use of Code Division 
Multiple Access (CDMA) communications techniques used in cellular 

5 radio telephone communication systems, and more particularly, to 
the allocation of frequencies to cells with different 
transmission power levels in a CDMA communication system. 
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BACKGROUND OP 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 increasinq capacity needs as well as to maintain high 
quality service and avoid risinq 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 
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 calls in the home, 

25 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. 

curreut. l_y, channel access is achie·.ted using frequency di vision 
30 mult:iple access (FOY.A) and time-.C.1.visior ultiple access (iuMA) 

methods. In FDMA, a · obW~~eit~oii B~ftQil nel is a single radio 
REPLACED 
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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 siqnal enerqy within 
the specified frequency band. Thus, with each channel beinq 

s assiqned a different frequency, system capacity is limited by the 
available frequencies as well as by limitations imposed by 
channel radios. 

In TOMA systems, a channel consists of a time slot in a period 
train of time intervals over the same frequency. Each period of 

10 time slots is called a frame. A given signal •s enerqy is 
confined to one of these time slots. Adjacent channel 
interference is limited by the use of a time qate or other 
synchronization element that only passes signal energy received 
at the proper time. Thus, the portion of the interference from 

15 different relative siqnal strenqth levels is reduced. 

capacity in a TOMA system is increased by compressing the 
transmission signal into a shorter time slot. As a result, the 
information must be tran~mitted at a correspondinqly faster bit 
rate which increases the amount of occupied spectrum 

20 proportionally. 

With FOMA or TOMA systems, or a hybrid FOMA/TOMA 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 

25 CDMA signals share the same frequency spectrum. In either the 
frequency or the time domain, the multiple access siqnals appear 
to be on top of each other. 

30 

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, ~e 
scrambling-sequences are planned from cell to cell so: that 
neighboring cells use different scrambling-sequences_ r !Jr 
scrambling-masks. The information data stream and the PN-. 
sequence or the scrambling· sequence can have the same or 
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different bit rates. The informational data stream and the PN­
nequence or the scrambling-sequence are combined by multiplying 
the two bit streams together. Each information data stream or 
channel is allocated a unique spreading cede. 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 1 imi ts 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, sectorizat;on 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 di ff icul t 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 
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 TOMA systems, 
the problem is quite serious in CDMA systems because all cf the 
frequencies are used throughout the system. This problem occurs, 
f~~_example, when :icrocells are used within umbrella cells and 
at th~ bord9r :between urban .~nd rural arec?·c;. where r . fferent size 

.. 5 ce:lls are used. The general proble:. is that the uplin~ (from 
mobile station to ba~e station) and ao-mlink (from base station 

I :; .. '"" '"t •• .. ·-T 1 · • ., ,.,..,., .. , l 
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to mobile station) handof f points are not located at the same 
place. The downlink handoff point is lecated closer to the 
microcell than the uplink handoff point. 

Fiqure l 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. 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 f~r 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 s~gnals, 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 

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 examp.le, 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 
~ ~ · in the urban cell 24-, the mobile station may encounter an 

35 interference from the signals from tbe rural base station -2·2 due 
to the different po~er 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 rilral 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. As a result, the mobile 

5 station's transmission will interfere with the reception of the 
base station 26 since the mobile station is closer to that base 
station. 

SUMMARY OP '1'HB INVBNTXON 

The present invention overcomes the above-mentioneq problems by 
10 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 

15 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-

20 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 particul~r 
base station. 

25 Since the pilot-sequence signals will be received at each mobile 
station alonq with other siqnals containinq 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 

30 demodulation process, a mobile station can detect and decode the 
information· signa i.s being !1!mt to that particnlar mobile station 
as well .as .. detect and decode the pilot-seque_nce signals broadcast 
from various base stations i~ the communication system. As a 
resul~, each mobile station can receive its own si ·-~1 on its own 

THIS Sl iEl.:T H.-\S BE~:N 
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frequency and simultaneously measure the signal strength of the 
neighboring base stations by measuring the signal strength of 
their pilot-sequences which are beinq broadcasted on the same 
frequency. 

s In another embodiment of the present invention, the present 
invention takes advantage of discontinuous transmission (DTX) and 
discontinuous reception (DRX) to measure the signal strenqth of 
neighboring base stations. It is well known that the capacity of 
a OS-CDMA system can be approximately doubled if a transmission 

10 occurs only when there is information to be transmitted. In 
other words the transmitter is turned off during a pause in 
speech. If the transmitter before being turned off transmits a 
messag~ 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 siqnal strenqths 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 l illustrates a typical arrangement of umbrella cells in 
microcells; 

25 Fiqure 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 qraphs illustratinq how CDMA signals 

30 are generated; 
Figures 5 and 6 show a series of graphs for illustrating how CDMA 

... !;i~:Ais ':ire decoded: 
Figure~ shows· a series of .graphs illustratinq CDMA subtractive 
demodul~tion,. :according to one embodim.ent of .the present 

35 invention: 
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Figure a illustrates a block diagram of a CDMA communications 
system of a type in which the present invention can be 

advantageously employed; 
Fiqure g illustrates typical speech activity in the present 

5 invention; and 

Figure ln il1ustrates a speech frame for one embodiment of the 

presen·t invention .. 

. . --
Whi1e the: following description is in ~e context _of· cellular 

10 communication systeau: &n~olvinq .. portable or mobile radio 
tel~~nes 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 assiqned to cells with different transmission power levels. For 

example, microcells can be assiqned a set of frequencies which is 
different from the set of frequencies assiqned to an umbrella 
cell. Furthermore, the different sets of frequencies should be 
separated by a frequency band which is larqe 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 operatinq in the microcells within 
the umbrella cell will be usinq 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 A~sisted 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 o" other frequencies. 

Ir one embod~ment :>f .the p···esent: _;ivention, ;,,.11, of the base 
s. --:ions in ~ C.u4iU&lunication system transmi .. d known pilot­
se lence. ~r lilot-sequence is transmitted just like any other 

r:~.1-1:, \' ;·~.·: . ..- l~·~,~-;:-;::-:-:-,;.l,. I . .• .. . . . . . I. ... l. ~.: J.J' : ,..; I 'I 
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type of channel, i.e., a traffic channel. 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 assiqned 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 sliqhtly more power than the other 
10 channels in the base station.. When the base station is 

transmitting a p11at-sequence on a frequency that has not been 

assigned to the base station, '-h• hase s~.a~ion just transmits the 
pilot-sequence at a power level similar to ot:.iu::~ .l:'·u·-•-seguences. 

As illustrated in Figure 3, each traffic channel 31 and a pilot-

15 sequence 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 Jo through 

20 antenna 39. 

Since the pilot-sequence signals are received at each mobile 

station along with other signals containinq 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 

JO can be stored in a memory in the mobile station and updated 

periodically. As a result, each mobile station can send the 

stored base stationr .signal strength information to their 

respective.::base '!ftatio~s at regular.intervals or when requested 

.to, do~ so dur::.iag. Mobile Assi&ted -Handoff. 
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An exemplary COMA 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 
5 continuation-in-part application thereof, both of which are 

incorporated herein by reference. In the present system, the 

ability to tolerate an increased number of interferinq siqnals to 

thereby achieve an increase in system capacity, is provided 

throuqh the use of a subtractive demodulation process. Generally 

10 speakinq, a receiver in this type of system does not operate to 

decode only a sinqle desired siqnal in the presence of a larqe 

number of interfering siqnals. Rather, a number of received 

signals, both interfering and desired, are successively decoded 

in the order of their received siqnal strenqth wherein the 

15 stronqest received siqnal is decoded first. After beinq decoded, 

each interfering siqnal is recorded and subtracted from the 

received siqnal, to thereby reduce the interference that is 

present when the desired signal is decoded. 

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

20 unique PH-sequence or scramblinq code to provide a means of 

discriminatinq them from one another, are permitted to overlap. 

In the followinq embodiments, either a PN-sequence or scramblinq 
codes can be used. In some communication systems, each base 

station has a set of PN~sequences or scramblinq 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 siqnal processinq resources that are 
available to demodulate a multiplicity of siqnals. 

30 Subtractive demodulation will now be described ih conjunction the 

signal graphs shown in Fiqs. 4-6 whicr set forth example 

waveforms in the coding and decoding p~·ocesses involved in 

traditional CDMA systems. Usin9' these -same wavefor:a examples 

fror i:-igs. 4-6, the improved performance of -the present invention 

35 ovc:. _cn'!J·entional •"'.".~MA is J.llustrated in Fi~. 7. 

·----~--------·--·---
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Two different data streams, shown in Fig. 4 as signal graphs (a) 
and (d), represent digitized information to be communicated over 
two separate communication channels. Signal 1 is modulated using 
a high 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 gre.ater 
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 qraphs (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 triansmitted 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 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 (d}. . The· i:esulti119 signal is analyzed to decide the 
polarity -(high o~ low, +1 or -1, "1" or "O") of eac;:h information 
bit period of the,·siignal. .. .... . .... -. 
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These decisions may be made by taking an average or majority vote 

of the chip polarities during one bit period. Such "hard 

decision" making processes are acceptable as lonq as there is no 

signal ambiguity. For example, during the first bit period in 

5 the Signal graph (f) I the average Chip Value is +0.67 WhiC~ 

readily indicates a bit polarity +l. Similarly, in the third bit 

period, the average is +0.80 which indicates a bit polarity of 

+l. 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 

d~gital spreading codes are orthogonal to the unwanted signals. 

Two codes are orthogonal if ~xactly 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 st_rictly maintained. In moving 

constantly, such as in cellular systems, time alignment is 

30 difficult to achieve. 

When code orthogonality cannot be guaranteed, noise··based siqnl'lls 

may in~erfere with the actual hit sequences pruduced by differ££&l: 

code generators, a.IJ., thP mobilP. t~~1.&~hc:&d. in comparison with 

th~ originally coded signal energies, however, the energy of the 
.. ,.. . .. ~ --~ ~SH!~ET H.\:·, l~;;:i·.N 
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noise signals is usually small. ·The term "processing 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. In 
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 capacity to allow up to 101 signals to 
share the same channel. During decoding, 100 of the 101 signals 
are suppressed to 1/lOOOth 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 enerqy, 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 Cellule1:r COMA 
system," by Gilhousen, Jacobs, .. Y:~~~~.bf, _Weavet" a'.tid wneatly, I~E~ 
Transactions on Vehicular Tecb~ology, 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 j amminq 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 ;n 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 a:raady 
been decoded as shown in the siqnal 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) • Siqnal 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 
fr~m the composite signal. 
TC" :.irther facilitate an understanding of the invention, a 

3: spt. fie example i=: described where a Walsh-Hadamaril (l:?e, 7) 
blc..":k codinq technique is employed to provide- channtsl cod• .. ; and 
spreading i~ CDMA modulation. However, the~r"t-"'t~~r+1:1·~.,....,.·-t~ 
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present invention are not limited to cotiimunication systems which 

employ this encoding technique. In addition, the block codes can 
be either orthogonal block codes or bi-orthogonal block codes. 

An overall view of a COMA based cellular radio telephone system, 

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 syste~, 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 telephone 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 Continuously 

20 Variable Slope Delta Modulation (CVSO), Adaptive Delta Pulse Code 

Modulation (AOPCM) , Residual Excited Linear Predictive Coding 

(RELP) and Vector Code Book Excited Linear Predictive Coding 

(VSELP). The particular 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··uniq\le -cipher code ;.that ~i£ 

assigned to. the communication. The encryption can, for· e¥am}::ll·e, 
35 consist of the bitwise modulo-2 addition of a unique scrallblin9 

, THIS SHEET H.-\S Bt:EN 
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code to the block code before transmission. The selection and 

use of scramblinq codes are described in co-pendinq U.S. Patent 
Application Serial No. 866865 , filed on April 10, 1992, for 

"Multiple Access Coding for Mobile Radio C~mmunications", 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 siqnals with the 

unique cipher codes enables the various communications to be 

distinquished from one another, as described in greater detail in 

10 the previously mentioned copendinq patent applications which are 

incorporated by reference. 

Once the diqitized 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 

15 speech signal is converted into a serial signal that is provided 
to a modulator 60. A carrier signal at a suitable carrier 

frequency Fe 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 siqnal is received, demoduiated 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 
signal discrimineti.:,,,) circuit 72. A Fast. Walsh Transform and a 

Maxi~u~ Search Circuit are described in co-pending U.S. Patent 

35 Application Serial .No. 07/735,805, filed on Jul-:l 25, 1991, !\Jr 
"Past Walsh Transform Proc;essu.r:", and U. S ._.l~:.&1M;--1s1:retl:e'i~lo 
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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 7 4, which converts it into the 

5 original speech signal. The signal strenqth 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 convers~tions. For examp~e, the Teceiver 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 

15 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 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 

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 th~ ~est of 
the speech frame contains speech information~. In .this example, 
code signals A indicate to a receiver that speech information 

35 will follow, while code signals B indicate to the receiver that 

~ 
C. '··'''\ '>r£J:;:-j· rr.· .• 

,., . .. .. . '· \.) !~ [~r:N 
'"1:.-'f.:\C>) .... 
---.::.::.._ __ 



WO 
93121699 ]f llU'il1i1lHii -17- PCT /SE93/00303 

the transmitter is qoing to discontinue transmission for the 

remainder of the speech frame. As a result, a receiver can 

discontinue processinq that siqnal for the remainder of the 

speech frame and regularly measure the siqnal strenqth of 

5 neiqhboring 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 

10 suited for use in CDM:A communications· systems. To this end, 

according to one aspect of the present invention, a speech frame 

structure is deliberately imposed on the speech e.ncoding method, 

even for those encoding methods which are inherently 
structureless. The speech signal· is examined for the presence or 

15 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 

20 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. 

2 5 Further in accordance with this aspect of the invention, the 

s1>eech frame structure of a multiplicity of overlapping CDMA 

signals transmitted from the same base station are qiven a fixed 

relative time aliqnment. This alignment of the signals allows 

mobile receivers that are decoding at least one siqnal to 

30 accurately anticipate when other signals, that have been 

temporarily silenced through discontinuous transmission, are 

likely to resume transmission. Thus, receiver synchronization 

and frame d.lignment informatio" can be obtained from signals 

other than tha c-pecific information siqnal destined f~:C- the 

35 receiver. 
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Preferably, the time aliqnment relationship employs a fixed 
pattern of offset between the different siqnals. This 
arranqement causes the times at which the different siqnals can 
resume transmission to be evenly distributed over ~he period of 

5 a speech frame. Thus, the times at which the receiver attempts 
to demodulate the various siqnals is also distributed to avoid 
undesired peaks in receiver activity. Accordinq 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_ rec"e"ives 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 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. 

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 siqnal 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 strength 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 
chang0 c:; • within the purview of the present claims may be made 

.. withoet departing frot.l the ·.-true scope of-· the. invention and its 
35 broader- aspects. 
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IN THE CLAIMS: 
l. A method of communication in a code division multiple access 
system containing a plurality of base stations and a. plurality of 
mobile stations comprising the steps of: 

s dividinq said plurality of base stations into separate groups of 
base stati~ base.d upon their transmission power levels; and 

assigninq ea.ch group of base stations a set of frequencies to 
transmit on, wherein base stations of different groups do not 
share rrequencies for traffic communication. 

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

J.. 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 grouP.s of base 
stations based upon their individual size. 

s. 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 bas~ 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 stat.5.on: .· 
measuri nq the signa 1 str~nqth of each received piJ ct-sequence: and 

30 storing the measured si~ l s~%eng~ns for the neighburing base 
o'-ations. 

I lllllll llllll lllll lllll ll llll 
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6. A method of communication in a code division multiple access 
system according to claim s, further comprising the step of: 

regularly transmitting the stored signal strengths to a base 
station. 

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

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

a. A method of communication in a code division multiple access 
10 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 

15 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; 

20 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 

2 s detected; 

30 

measuring signal strength of signals received from neighboring 
base stations on 
transmission has been 
storing the measured 
stat-3.ons 

other frequencies after discontinued 
detected; and 
signal strength .of the neighboring base 

............ 
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9. A method of communication in a code division multiple access 
system accordinq to claim 1, where different frequency sets are 
separated by a ~requency quard band. 

10. A :method of co:mmu.nication in a code division ..U tiple 
5 access syste2d accor.dit'l.9 to cla.i.a 8 , further comprisinq the step 

of: 

regularly transaittinq the atored signal_ strengths to a base 

station. 

11. A method of communication in a code. division multiple 
10 access system according to claim 8, further comprisinq the step 

of: 

transmittinq the stored siqnal strengths to a requesting base 
station. 

12. An improved radio communication system including at least 
15 one transmitter, having a speech digitizer for speech activity, 

for transmitting code division multiple access radio 
communication siqnals havinq 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 correspondinq 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 ~y the activity indication; 
means for deciding whether the transmitter bas or bas not 
discontinued transmission only at predetermined fixed times which 
corresponds to frame.~ of speech bits at the ~nput of the speech 

30 decoder: 
means for r "Ularly .ch;:.nging frequent.;ies .;en discontinuous 

detected; 

111111111111111111111111111111 ~~ii;, .. ". . .. , 
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means for measuring the signal strength of signals from 
neighboring base stations after discontinued transmission has 
been detected; and 
means for storing the measured signal strengths of the base 

5 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 sp~ech aigitizer in a transmitter 

10 into fixed frames correspon~ing 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 indication and resuming the transmission of a 

15 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 

20 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; 

·25 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 

30 of: 

·· ·reqular:! y ·-ei§.~~mi tt.ing the stored signal strengths to a base 
station. 
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15. A method of communication in a code division multiple 
access system according to claim 13, further comprising the step 

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 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 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 
siqnal; 
rescrambling a residual portion _of said correlated, composite 
siqnal using said corresponding block codes to generate a series 

30 of recorded signals; 
~etectinq received pilot-sequence siqn~ls; 
measuring the signal strength of eta9h ~ec~i~red pilEit sequence 
siqr. : and 
z:tcr· t the measur.c~ ::.ignal t:ttrengths of the receiverl pilot 
sequ .::es. 

I lllllll llllll lllll lllll II llll 
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18. A method of communication in a code division multiple access 
system accordinq to claim 17, further comprisinq the step of: 
reqularly transmittinq the stored siqnal strenqths to a base 
station. 

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

transmitting the stored signal strengths to a requesting base 
station. 

10 20. In a multiple access, spread spectrum communication system 
for communicatinq 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: 

15 coding means for cod.inq blocks of bit sequences of an information 
signal, 
means for scrambling each information siqnal using a unique 
selected scramblinq bit sequence correspondinq to one of said 
base stations, and 

20 means for transmittinq 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 

25 information siqnals from a selected base station from other . 
signals in said composite signal; 
correlation means for recursively correlating said composite 
signal with block codes corresponding to said information 
signals; 

30 comparison means for determininq a block code that qenerates a 
greatest correlation and ~a~ pr6du~inq a correlated signal; . 

·signal removal means for success~vely removing said correlated 
signal from said composite sign1l: 

I :lllllll llllJI 1111111111111111 
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rescrambling means for recording a residual portion of said 
correlated, composite signal using said corresponding block codes 
to generated a series of reco~ded signals; 
detection means for detecting received pilot-sequences; 

5 measuring the relative signal strength of each received pilot 
sequence; and 
storing the measured signal 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 orthogonal block codes. 

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