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(57) Abstract

The invention relates to a CDMA cellular radio system, comprising in each cell at least one base station (BTS) connected to the
mobile stations (MS1, MS2) in the cell, in which system a data signal of each user generated with a given bit rate is multiplied by a
spreading code generated with a bit rate considerably higher than the bit rate of the data signal, the ratio between the data signal and the
spreading code forming the spreading ratio of the connection, and in which system signals multiplied by the spreading codes of several
users are transmitted on the same frequency band. To improve the quality of a connection between a mobile station and a base station, the
spreading ratio of the connection between the base station (BTS) and the mobile station (MS1, MS2) is adjusted during the connection on

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

AT
AU
BB
BE

SEARZ

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international

applications under the PCT.

Austria
Australia
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus
Canada

Central African Republic
Congo
Switzerland
Cdte d’Ivoire
Cameroon
China
Czechoslovakia
Czech Republic
Germany
Denmark

Spain

Finland

France

Gabon

DOC KET

_ ARM

United Kingdom
Grorgia

Guinea

Greece

Hungary

Ireland

Itaty

Japan

Kenya

Kyrgystan
Democratic People’s Republic
of Korea
Republic of Korea
Kazakhstan
Liechtenstein

Sri Lanka
Luxembourg
Latvia

Monaco

Republic of Moldova
Madagascar

Mali

Mongolia

MR
MW
NE
NL
NO
NZ
PL
PT
RO
RU
Sb
SE
SI
SK
SN
™D
TG

T

T
UA
Us
Uz
VN

Mauritania
Malawi

Niger

Netherlands
Norway

New Zealand
Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Slovenia

Slovakia

Senegal

Chad

Togo

Tajikistan
Trinidad and Tobago
Ukraine

United States of America
Uzbekistan

Viet Nam

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

10

15

20

25

30

35

Method of increasing signal quality by adjusting the spreading ratio

in a COMA cellular radio system

The invention relates to a CDMA cellular radio
system, comprising in each cell at least one base
station connected to the mobile stations in the cell,
in which system a data signal of each user generated
with a given bit rate is multiplied by a spreading code
generated with a bit rate considerably higher than the
bit rate of the data signal, the ratio between the data
signal and the spreading code forming the spreading
ratio of the connection, and in which system signals
multiplied by the spreading codes of several users are
transmitted on the same frequency band.

CDMA is a multiple access method, which is
based on the spread spectrum technique, and which has
been applied recently in cellular radio systems, in
addition to the prior FDMA and TDMA methods. CDMA has
several advantages over the prior methods, for example
spectral efficiency and the simplicity of frequency
planning.

In FDMA, users are distinguished from one
another by means of frequency; each data signal of the
user has a dedicated frequency band. In TDMA, the
frequency band is divided into successive time slots,
and the data signal of each user is transmitted in its
own recurrent time slot. In the case of combined
FDMA/TDMA, several such frequency bands may be in use.

In CDMA, the narrow-band data signal of the
user is modulated by a pseudorandom sequence, called the
spreading code, having a broader band than the data
signal. In connection with modulation, the signal
spreads to a relatively wide band. In known test
systems, bandwidths such as 1.25 MHz, 10 MHz and 50 MHz

have been used. The spreading code consists of a number
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of bits. The bit rate of the spreading code is much
higher than that of the data signal, and the bits of the
spreading code are called chips to distinguish them from
data bits and data symbols. Each data symbol of the user
is multiplied by the chips of the spreading code. The
narrow-band data signal thus spreads to the fregquency
band to be used. The ratio between the bit rate of the
spreading code and the bit rate of the data signal is
called the spreading ratio of the CDMA system.

Each user has a separate spreading ¢ode. The
data signals of several wusers are ‘transmitted
simultaneously on the same frequency band. Correlators
provided in the receivers are synchronized with a
desired signal, which they recognize on the basis of the
spreading code, and they restore the band of the signal
to its original bandwidth. Signals arriving at the
receiver and containing the wrong spreading code do not
correlate in an ideal case, but retain their wide band
and appear thus as noise in the receivers. The spreading
codes used by the system are preferably selected in such
a way that they are mutually orthogonal, i.e. they do
not correlate with each other.

A typical feature of a cellular radio
environment is that a signal propagating between a user
and a base station does not propagate along a single
straight path from the transmitter to the receiver but
along several paths varying in length, depending on the
properties of the environment. This kind of multipath
propagation occurs even though there were direct line
of sight between the base station and the mobile
station. This multipath propagation is mainly due to the
reflections of the signal from the surrounding surfaces.
Signals propagating along different paths have different
transmission delays, and so they differ in phase on
arriving at the receiver.
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Generally speaking, spreading codes are not
orthogonal with all possible delay values. Signals with
different delays therefore interfere with the detection
of other signals. Users thus interfere with each other,
and this is called multiple access interference. CDMA
is an interference-limited system. The effect of
multiple access interference increases with the number
of system users, which degrades the signal-to-noise
ratio of connections. In view of the capacity. of the
CDMA system, the optimum situation at the base station
is when all signals arrive at the base station with the
same signal-to-noise ratio. For this purpose, the CDMA
system utilizes power control. The transmit power used
by the mobile stations is controlled according to each
situation. Thus, for example when a mobile station moves
further away from the base station, it increases its
transmit power so that the level of the signal received
at the base station would not deteriorate.

There may, however, occur situations in the
CDMA system where the deterioration of signal quality
cannot be compensated for by power control. This occurs
for example if the mobile station is already
transmitting with its highest power. When the connection
deteriorates, it is not possible to increase the power
any more. Another such situation occurs when the mobile
station is located at the border of the cell. Thus the
signal it is transmitting interferes with the
neighbouring cell, and an increase in power is
disadvantageous to the entire system. In particular, if
the system utilizes the so-called hard handover, i.e.
the mobile station breaks its connection with the
previous base station before a connection is established
to the new base station, interference to the cell of the
new base station is strong before the handover. 1In
addition, if the traffic load in the cell is heavy, an
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