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Claim
1. A data transmission method in a CDMA cellular radio system, which

comprises in each cell at least one base station communicating with mobile stations

within a coverage area of said base station and in which system the base station adjusts

the transmitting power of the mobile stations within the coverage of said base station

area by means of power control messages, comprising the steps of:

both in the transmission direction from the base station to the mobile station

and from the mobile station to the base station, performing the transmission on a traffic

channel using a similar frame structure; and

when the base station transmits a power control message to the mobile station

by using bits of the frame structure of the traffic channel, transmitting the mobile

station a predetermined bit pattern to the base station in the corresponding bits of

another transmission direction of the traffic channel.
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The invention relates to a data transmission method in a :
CDMA cellular radio system, which comprises in each cell at least
MS1

one base station (10) communicating with mobile stations (11, 12)
within its coverage area and in which system the base station adjusts Y

/11

the transmitting power of the mobile stations within its area by

means of power control messages. To enable coherent detection

also at the base station, i.e. also in the uplink direction (from mobile

station to base station), according to the method, the transmission 10
on the traffic channel is performed both in the direction from the

mobile station to the base station and from the base station to the

mobile station by using a similar frame structure. When the base

station transmits a power control message to the mobile station by

using bits of the frame structure of the traffic channel, the mobile

station transmits a predetermined bit pattern to the base station in the
corresponding bits of the other transmission direction of the traffic N
channel.
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Method of transmitting and receiving power control
messages in a CDMA cellular radio system

The invention relates to a data transmission
5 method in a CDMA cellular radio system, which comprises

in each cell at least one base station communicating

with mobile stations within its coverage area and in

which system & the Station adjusts the transmitting

power of the mobile stations within its area by means
10 of power control messages.

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

15 several advantages over the prior methods, for example
spectral efficiency and the simplicity of £frequency
planning.

In the CDMA method, the narrow-band data signal
of the user is multiplied to a relatively wide band by

20 a spreading code having a considerably broader band than
the data signal. In known test systems, bandwidths such
as 1.25 MHz, 10 MHz and 25 MHz have been used. In
connection with multiplying, the data signal spreads to
the entire band to be used. All users transmit by using

25 the same frequency band simultaneously. A separate
spreading code is used over each connection between a
base station and a mobile station, and the signals of
the users can be distinguished from one another in the
receivers on the basis of the spreading code of each

30 user.

Correlators provided in the receivers are
synchronized with a desired signal, which they recognize
on the basis of the spreading code. The data signal is
restored in the receiver to the original band by

35 multiplying it again by the same spreading code as
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during the transmitting stage. Signals multiplied by
some other spreading code do not correlate in an ideal
case and are not restored to the narrow band. They
appear thus as noise with respect to the desired signal.
The spreading codes of the system are preferably
selected in such a way that +they are mutually
orthogonal, i.e. they do not correlate with each other.

In a typical mobile phone environment, the
signals between a base station and a mobile station
propagate along seve . paths between the transmitter
and the receiver. This multipath propagation is mainly
due to the reflections of the signal from the
surrounding surfaces. Signals which have propagated
along different paths arrive at the receiver at
different times due to their different transmission
delays. CDMA differs from the conventional FDMA and TDMA
in that the multipath propagation can be exploited in
the reception of the signal. The receiver generally
utilized in a CDMA system is a so-called rake receiver,
which consists of one or more rake branches. Each branch
is an independent receiver unit, the function of which
is to compose and demodulate one received signal
component. Each rake branch can be caused to synchronize
with a signal component which has propagated along an
individual path, and in a conventional CDMA receiver the
signals of the receiver branches are preferably
combined, either coherently or non-coherently, whereupon
a signal of good quality is achieved..

To ensure the effective operétion of the CDMA
system, power control has to be used over the connection
between a mobile station and a base station. The
capacity of the base station can be maximized if it
receives with the same signal strength from all mobile
stations in its area. The mobile station can measure the
strength of the signal it has received from the base
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station and adjust its transmitting power on the basis
of this information. This type of power control method
is called "open-loop power control". Furthermore, the
base station measures the strength of the signal it has
received from the mobile stations and transmits power
control messages to the mobile stations which adjust
their transmitting power on the basis of these messages.
Such a power control method is called "closed-loop power
control". These methods may be used simultaneously.

The power control messages required by the
closed-loop power control from the base station to a
mobile station may be transmitted in two ways to the
mobile station. A certain part in the frame structure
of a traffic channel may be permanently reserved for
power control messages in the transmission direction
from base to mobile (i.e. in the downlink direction).
This method increases the bandwidth required by the
system. The other way is to replace, when necessary,
data bits of the user with bits required by the power
control messages. In such a case, the bandwidth does not
increase, but the quality of the user connection
deteriorates slightly when the data bits are replaced
with power control messages.

No power control messages are transmitted in
the transmission direction from mobile to base (i.e. in
the uplink direction). Thus in the uplink direction
there would be left wunused bandwidth for data
transmission, if the frame structure were the same as
in the downlink direction. In the convéntional systems,
the frame structure is therefore designed differently
in different transmission directions. However, the same
kind of frame structure would be useful due to the
similar timing and synchronization requirements of
similar frame structures in the transmitter and

receiver.
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The purpose of the present invention is to
enable the use of similar frame structures in both
transmission directions in such a way that the bandwidth
of the system can be effectively utilized.

This is achieved with the data transmission
method described in the preamble, characterized in that
both in the transmission direction from the base station
to the mobile station and from the mobile station to the
base station, the transmission on the traffic channel
is performed by using a similar frame structure, and
that when the base station transmits a power control
message to the mobile station by using bits of the frame
structure of the traffic channel, the mobile station
transmits a predetermined bit pattern to the base
station in the corresponding bits of the other
transmission direction of the traffic channel.

In the method according to the invention, a
predetermined bit pattern is thus transmitted in the
uplink direction in the bit places where the base
station in the downlink direction transmits power
control information. This makes it possible to utilize
the band effectively, since the predetermined bit
pattern transmitted by the mobile station enables the
base station to receive with a better quality.

In a CDMA cellular radio system, it is possible
to use a so-called pilot channel in the downlink
direction. A pilot channel is a data-unmodulated signal
which is transmitted with a specific spreading code and
which does not thus contain any data Enformation. The
pilot signal is transmitted using the same frequency
band on which the actual traffic channels are situated,
the pilot signal being distinguishable from them only
on the basis of the spreading code. The pilot signal is
a traffic channel known by all users and it is used for
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example in power measurements and in the generation of
a coherent phase reference.

The arrangement according to the invention
enables coherent detection also in the uplink direction.
This was not possible before, since the phase reference
could not be generated. The pilot channel type of
arrangement is possible only in the downlink direction.
The previously known bit pattern transmitted by the
mobile station can be used in the generation of the
phase reference, and thus coherent detection is
possible. Coherent detection improves the signal-to-
noise ratio that can be achieved by about 3 dB, and in
the CDMA cellular system this can be seen directly in
an almost double capacity.

In the following, the invention will be
described in greater detail with reference to the
examples of the accompanying drawings, in which

Figure 1 illustrates a cellular network where
the invention can be applied,

Figure 2 shows a frame structure where a part
of the bits in the downlink direction are permanently
reserved for power control messages,

Figure 3a shows a frame structure without power
control messages, and '

Figure 3b shows a frame structure where a part
of the data bits in the downlink direction are replaced
with a power control message.

Figure 1 shows schematically .a part of a CDMA
cellular network system where the metﬁod according to
the invention can be applied. A base station 10
communicates with mobile stations 11, 12 within its
area. The base station adjusts the transmitting power
of the mobile stations with power control messages,
which are transmitted to each mobile station on traffic
channels 13, 14.
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A predetermined recurrent frame structure is
used on the traffic channels. Frames of a certain length
are formed of the data bits to be transmitted, the
frames being coded, modulated and transmitted. In
addition to data bits, also other information bits, such
as a training sequence, power control bits or signalling
bits, can be transmitted in a frame. The form of the
frame structure depends on the nature of the information
to be transmitted. For example, when a connection is
being established, certain type of connection-
establishing frames which comprise user information are
used, and when the connection is already established,
traffic frames where most of the bits are data bits are
used.

In the first embodiment of the invention, a
certain part in the frame structure of the downlink
direction is permanently reserved for the transmission
of power control messages. The frame structure may thus
be like the one shown in Figure 2. Most of the bits 21
of the frame 20 are used for data transmission, but a
part of the bits 22 are reserved for the bits of the
power control messages. In the method according to the
invention, a similar frame structure is used both in the
uplink and downlink transmission direction. Since no
power control messages are needed in the uplink
direction, a predetermined bit pattern known by the base
station may be transmitted in the space reserved for
them. .

According to one preferred embodiment of the
invention, these known bits can be utilized at the hase
station in the generation of a phase reference for the
received signal. By means of the generated phase
reference, the received signal <can be detected-
coherently, which in a CDMA network enables an almost

double capacity.
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According to another preferred embodiment of
the invention, known bits can be utilized at the base
station in the power measurement of the received signal,
wnhnich enables better power control than previously. The
accuracy of the power control also increases the
capacity of the CDMA network, although not as
significantly as the coherent detection does.

In another embodiment of the invention, no
particular part in the frame structure of the downlink
direction is permanently reserved for the transmission
of power control messages, but a part of the data bits
are replaced, when necessary, with power control bits.
Thus the bandwidth required by the system is smaller
than in the previous embodiment, but the drawback is the
loss of data bits. Figure 3a shows a frame both in the
downlink and uplink direction, where power control
messages are not transmitted. When the base station
needs a band for transmitting power control messages,
it replaces some of the data bits of the frame with the
bits of the power control message. Figure 3b illustrates
this situation. The frame structure is thus in principle
similar to that of the previous embodiment. The frame
now comprises both data bits 31 and power control bits
32. The mobile station must be informed through
signalling or by some other means that some of the data
bits are replaced with a power control message. In the
uplink direction, the frame structure correspondingly
changes to now resemble Figure 3b. Instead i the power
control bits, the data bits are now'replaced with a
predetermined bit pattern known by the base station.
This known bit pattern can now be utilized at the base
station in the manners described above.

Even though the invention is described above>
with reference to the example according to the
accompanying drawings, it is clear that the invention




WO 95/19664 PCT/F195/00007

8

is not limited thereto, but it can be varied in many
ways within the inventive idea disclosed in the appended

claims.
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The claims defining the invention are as follows:

1. A data transmission method in a CDMA cellular radio system, which
comprises in each cell at least one base station communicating with mobile stations
within a coverage area of said base station and in which system the base station adjusts
the transmitting power of the mobile stations within the coverage of said base station
area by means of power control messages, comprising the steps of:

both in the transmission direction from the base station to the mobile station
and from the mobile station to the base station, performing the transmission on a traffic
channel using a similar frame structure; and

when the base station transmits a power control message to the mobile station
by using bits of the frame structure of the traffic channel, transmitting the mobile
station a predetermined bit pattern to the base station in the corresponding bits of
another transmission direction of the traffic channel.

2. The method according to claim 1, wherein bits used for the
transmission of both the power control message of the base station and correspondingly
the predetermined bit pattern of the mobile station are permanently reserved from the
frame structure for this purpose.

3. The method according to claim 1, wherein bits used for the
transmission of both the power control message of the base station and correspondingly
the predetermined bit pattern of the mobile station are temporarily reserved from the
frame structure by replacing a number of the data bits of a user with the message or the
bit pattern to be transmitted.

4. The method according to claim 1, wherein the predetermined bit
pattern transmitted by the mobile station is used at the base station for generating a

coherent phase reference.

5. The method according to claim 1, wherein the predetermined bit

pattern transmitted by the mobile station is used at the base station for power

measurement.

[N:\libcc100915:MXL
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6. A data transmission method in a CDMA cellular radio system, said
method being substantially as hereinbefore described with reference to Figs. 1 to 3 of

the accompanying drawings.

5 DATED this Thirtieth Day of May 1997
Nokia Telecommunications OY
Nokia Mobile Phones Limited
Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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