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A wireless telecommunications system capable of transmitting desired information to a plurality of mobile stations efficiently is adapted
to transmit the information to the plurality of mobile stations by forming a signal beam that covers these mobile stations simultaneously.
Since information can thus be sent to a plurality of mobile stations at the same time, it is possible to send information in a highly efficient.
In addition, because transmission power can be reduced, interference acting upon other mobile stations can be suppressed.
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DESCRIPTION

TECHNICAL FIELD

stations in an efficient manner.

BACKGROUND ART

Great strides in wireless telecommunications
techniques have been made in recent years and this has
been accompanied by the implementation and,pfa§£ical use
of various wireless communications systems. A mobile
radiotelephone system or so-called cellular. phone system
best typifies such wireless telecommunications systems.

Various wireless telecommunications schemes have
been proposed for such mobile fadiotelephone systems.
For example, FDMA (Frequency DivisioniMultiple’Access)
1s currently being employed in analog mobile
radiotelephone systems. According to the FDMA scheme, -a
single communication channel is allocated to a sinéle
radio frequency and communication channels used by

respective ones of a plurality of users are set to

PCT/JP00/01502
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communication channels, for exXample, are formed on one
10 '

radio frequency. 1In accordance with this scheme, a

plurality of communication channels can be formed on a

single radio frequency, as a result of which the

1 5 » . . ' .
CDMA (Code-Division Multiple Access) has recently

25 be increased further over that of the TDMA scheme. Fo
. oY
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regard to its application to the next-generation of
mobile communications.

Since a mobile radiotelephone systems using CDMA is
such that common use is made of the same frequency, a
situation arises in which a signal transmitted by a
certain user acts upon another user as interference.
This 1s an important problem encountered when
constructing the communications System. Accordingly, a
variety of expedients for reducing interference waves in
CDMA communications system have been devised. One is
the usage of an adaptive array antenna. An adaptive
array antenna increases system capacity'by reducing
interference'waves inflicted upon other users.

An adaptive array antenna is composed of a

plurality of antenna elements. When the amplitudes and

signals are then supplied to respective ones of the
antenna elements, the signals sent from the antenna
elements are combined and, as a result, a signal beam of
a radio signal is formed in a Prescribed direction., as
illustrated in Fig. 7. Since a signal S1 is thus
capable of being transmitted almost solely in the
direction of a mobile station M1, it is possible to

prevent the transmitted signal S1 from acting upon a

g

mobilile station M2 as interference.

The number of array elements in an adaptive array
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antenna 1s decided depending upon the extent to which a

signal beam is to be concentrated on a specific user,

> be reduced. An adaptive array antenna of this kind is
disclosed in detail in IEEE ASSP Magazine, pp. 4 - 24,
April 1S988; Barry D. \}an Veen and Keven Buckley:
"Beamforming: A versatile approach to spatial
filtering".

10 There is demand for various functions other than a
voice function, and particularly intense demand for a
multicast function, in next-generation mobile
radiotelephone systems. A multicast function is a
function for transmitting the same information from a

15 base station to a plurality of mobile stations

simultaneously. A specific example of a service that

transmission of information (referred to as "multicast
data" below) such as traffic information, weather

20 information and stock-market information to a plurality
of contract users.

If an attempt is made to implement such a multicast

function using a CDMA mobile radiotelephone system, a

conceivable approach is to form signal beams S1 and S2

25 individually in the directions of contract mobile

stations M1 and M2 using an adaptive array antenna in a
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manner similar to that of ordinary individual
communication, and transmit the multicast data
individually by these signal beams S1, S2, as shown in

Fig. 8.

5 With this method, however, the multicast data is
transmitted upon forming the signal beams S1, S2
individually for the mobile stations M1, M2 of the

‘ contracting parties. This is inefficient in terms of
‘ multicasting. Further, the multicast data is
10 transmitted separately to the mobile stations M1, M2.
This also is inefficient in terms of transmission power .

Thus, inefficiencies remain in regard to the

transmission of multicast data and there seems to be
room for improvement.

15 Forssén et al. (U.S. Patent No. 5,615,409)
discloses a base station for transmitting and receiving
data by using 2 classes of channels each of which has
different antenna lobe from each other. These lcbes are
formed by adaptive antenna array. However, Forssén et

20 al. does not disclose nor suggest the forming of an
antenna lobe which covers specific mobile stations

permitted to receive the multicast data and transmitting

multicast data to the specific mobile stations.
Forssén et al. (U.S. Patent No. S,649,287)
25 discloses technique for forming a wide antenna lobe

without any deep nulls by a plurality of antenna arrays

SUBSTITUTE SHEET
AMENDED SHEET
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each of which having a narrow antenna lobe. Forssén et

al. do not disclose nor suggest both the multicast data

and transmitting multicast data by a single antenna lobe
that covérs specific mobile station(s) permitted to

5 receive the multicast data.
Dybdal et al. (U.S. Patent No.5,781,845) discloses

an adaptive transmitting antenna capable of reducing

’ nultipath components included in the transmitted signal.

Dybdal et al. does not disclose nor suggest both the
10 multicast data and transmittiné multicast data by a
single antenna lobe that covers specific mobile
station(s) permitted to receive the multicast data.
RALEIGH at al. (WO 97/00543) discloses beamforming
technigue that enhances remote user received signal

15 quality by using adaptive antenna without the need for

feedback from the mobile user. RALEIGH et al. do not
disclose that transmitting multicast data to the
specific mobile station(s) by a single antenna lobe that
covers the specific mobile station(s) permitted to

20 receive the multicast data.

Disclosure of Invention

Accordingly, an object of the present invention is
to provide a wireless telecommunications system and
25 method in which desired information can be transmitted

efficiently to a plurality of mobile stations.

SUBSTITUTE SHEET
AMENDED SHEET
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According to the present invention, the foregoing
object is attained by providing a wireless
telecommunications system in which a radio link is
established between a base station and a mobile station

> Dby predetermined wireless communication technique,

wherein when the same information is sent to plurality

th

SUBSTITUTE SHEET
AMENDED SHEET
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of mobile stations, the base station sends the
information by forming a signal beam that covers the

d plurality of mobile stations simultaneously. By thus
sending information by fprming a signal beam that covers
a-plurality of mobile stations simultaneously, the
information can be sent to a plurality of mobile

10 stations more efficiently than in a case where

information 1is sent by forming signal beams -
individually. In addition, transmission power can be

reduced to mitigate the influence of interference waves

15 on other mobile stations.

According to an aspect of the present invention
there is provided a wireless telecommunications system,
having at least one base station and mobile station, 1in
which radio links are established between said base

20 station, which is provided with an antenna whose
directivity 1s capable of being controlled, and said
mobile station, wherein when communication is performed
with one of said mobile stations, a signal beam pointing
substantially toward only said one mobile station is

25 formed by said antenna to communicate with said one
mobile station; '

sald base station forming a multicast signal beam,
which 1s directed only toward a plurality of specific
moblile stations which are permitted to receive specific

30 information, by said antenna when said specific
information is to be sent to the plurality of said
specific mobile stations, and sending this information

by said multicast signal beam.
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According to another aspect of the present
invention there 1s provided a base station for
establishing radio links with mobile stations, wherein
when communication 1s performed with one of said mobile
stations, a signal beam pointing toward only said one
mobile station 1s formed by an antenna, the directivity
whereof 1s capable of being controlled, to communicate
with said one mobile station;

wherein when a specific information 1s to be sent

to a plurality of specific mobile stations which are

permitted to receive said specific information, a

multicast signal beam directed only toward the

plurality of said specific mobile stations is formed

by said antenna and said specific information 1s sent

by said multicast signal beam.

According to a further aspect of the present
invention there 1i1s provided a telecommunications method
of establishing radio links between a base station,
which 1s provided with an adaptive array antenna, and
mobile stations, wherein when communication is performed
with one of said mobile stations, a signal beam pointing
toward only said one mobile station is formed by said
adaptive array antenna to communicate with said mobile
station;

sald base station forming a multicast signal beam,
which covers énly a plurality of specific mobile
stations which are permitted to receive specific
information simultaneously, by said adaptive array
antenna when said specific information is to be sent to
the plurality of said specific mobile stations, and

sending this information by said multicast signal beam.
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Other features and advantages of the present
invention will be apparent from.the‘fpllowing
description taken in conjunction with the accompanying

5 drawings, in which like reference characters designate
the same or similar parts throughout the figures

thereof.

BRIEF DESCRIPTION OF DRAWINGS

0
| Fig. 1 is a block diagram showing the configuration
of a CDMA mobile radiotelephone system to which the
present invention has been applied;
Fig. 2 1s a block diagram showing the construction
15

of a base station according to the present invention;
Fig. 3 1s a beam waveform diagram useful in

describing a signal beam that covers a plurality of



CA 02367998 2001-09-14

WO 00/55986 PCT/JP00/01502

mobile stations;

Fig. 4 is a beam waveform diagram useful in

tormed in a prescribed direction by the adaptive array

10 antenna:;

F1g. 7 is a beam waveform diagram useful in

describing an adaptive array antenna; and

Fig. 8 is a beam waveform diagram useful in
describing an instance where multicast data is
15 transmitted individually using the adaptive array

antenna.

, a radio
network controller

(RNC) 3 and a plurality of base
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control and registration management, etc., of mobile
stations 5A to 5C via the radio network controller 3

and exercises overall control of the system. Further

telephones connected to the PSTN 6 and desired ones of

the mobile stations 5A to 5C.
The radio network controller 3, which is a device
10  for controlling a radio network, connects and

disconnects the base stations 4A to 4C and mobile

15 on the basis of control performed by the radio network

controller 3, actually establish CDMa radio links with

the mobile stations 5a to °C. This enables the base-

stations 42 to 4C to communicate with other mobile

20 connected to the PSTN 6, via the base stationsv 4A to 4C
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transportable general-purpose computers, for example,

each having a radio interface for interfacing the mobile

stations 42 to 4C.

above. More specifically, the mobile services switching
center 2 1s so adapted as to periodically acquire

information such as traffic information, weather

information and stock-market information from prescribed
10 1information sources via the PSTN 6, sena this
information as multicast data to the base stations 4a to
4C via the radio network controller 3, and send the
information to the desired mobile stations 5A to 5C via

the base stations 4A to 4C. In such case the multicast

radiotelephone system 1.

Information as to whether an agreement has been
20 made is stored, in association with the 1identification
number of the mobile station, in the mobile services
switching center 2 of the mobile radiotelephone system

1. This makes it possible to send multicast data only

tOo contract users based upon the stored data.

25 - The multicast function will now be described in

greater detail.
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The mobile services switching center 2 sends

multicast data, which has been acquired periodically via

the PSTN 6, to the base stations 4A to 4C via the radio

network controller 3.

10 multicast data. For eXample, the request command

includes mobile station ID information and the type of

content desired to be received. The request command is

received by the base station 4A (or 4B or 4C) whence

the command is sent to the mobile services switching

15 center 2 via the radio network controller 3

Upon receiving the request command, the mobile

S€rvices switching center 2 determines, based upon the

25 stations 4A - 4C
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transmit the multicast data uses it adaptive array
antenna to form a signal beam that will point only
toward the mobile station S5A (or 5B or S5C) desiring the

multicast data and transmits the multicast data solely

5 to this mobile station SA (or 5B or 5C).

10 beam that will encompass these plurality of mobile

15 repeatedly a prescribed number of times in order that

mobile station 52 (or 5R or 5C).

When a request to receive multicast data is thus
generated in the mobile radiotelephone system 1 of the
20 present invention. the multicast data is transmitted to
the mobile station. Though a method of transmitting
multicast data continuously is conceivable as an

approach that contrasts with that of this invention
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as 1nterference and might have a deleterious effect upon

mobile stations participating in ordinary individual

communication or mobile stations other than those of

contracting parties. ln order to avoid this, therefore,

5 the present invention is adapted to transmit multicast

data only when there is a request to receive this data.

Since the
10 base stations 4A to 4C basically are identical 1n
construction, only the base station 42 will be

described.

Fig. 2 shows the construction of the base station

4A. It should be noted, however, that a baseband signal

15> processing circuit and an interface circuit for

interfacing the radio network controller 3 are not

‘described here.

As shown 1in Fig. 2, the base station 42 has a

20 receivers 8A to 8N and is adapted so as to be capable of
communicating with a plurality of mobile stations
simultaneously using these transmitters 7A to 7N and
receivers 8A to 8N. Individual transmission data such
as voice data sent from the radio network controller 3

25
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The signal switch unit 9 comprises a demultiplexer
circuit, for example, for assigning input individual
transmission data to corresponding ones of the
transmitters 7A to 7N. On the assumption that the lst
through nth transmitters 7A to 7N correspond to lst '
through nth communication channels, respectively, the
signal switch unit 9 sends 1ndividual transmission data
to the corresponding transmitters 7A to 7N in the
following manner: individuail transmission data
transmitted‘on the first communication channel is sent
to the first transmitter 7a, individual transmission

data transmitted on the second communication channel is

1s not shown. The controller 10 receives the contro]
data from the radio network controller 3, controls the
operation of the signal switch unit 9 based upon the
control data and controls the operation of an adaptive
array antenna 14, which is described later.

The 1lst through nth transmitters 7A - 7N are
identically constructed. The first transmitter 7A has a

spreading circuit 11 to which the entered individual
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10 The transmission signal output by the spreading

adaptive array antenna 14.

Similarly, the 2nd through nth CLransmitters 78 - 7N

20 also multiply input individual transmission data bv
respective spreading codes assigned thereto apply

Spread-spectrum modulation, then Subject the

25 signals to the adaptive array antenna 14




CA 02367998 2001-09-14

WO 00/55986 |
e PCT/JP00/01502

10 direction of the mobile station that is to recejve this
transmission signal. Similarly, the adaptive array
antenna 14 controls the amplitudes and phases of the
transmission signals output by the 2nd to nth
Cransmitters 7B to 7N, thereby forming and Lransmitting

15 signal beams in the direction of the respective mobile
stations that are to receive these transmission signals.

As a result of the operation described above, the

20 . . .
shown in Fig. 8, at the Cime of individual Cransmission
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stations by the adaptive array antenna 14 enter the

corresponding 1lst through nth receivers 8aA - 8N. The

1st through nth receivers 8a - 8N are ldentically

constructed. Each has

, 1N a manner

On the basis of control

exercised by the controller 10, the signal switch unit 9

supplies the multicast data solely to, e.g., the

Cransmitter 7A. In a manner similar to that when an

individual transmission is made, the Cransmitter 72

applies spread-spectrum modulation to the multicast

data,

then executes frequency conversion Processing to
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generate a transmission signal and outputs this signal

to the adaptive array antenna 14 :

In a case where only one mobile station that is to

10 station and transmitting the multicast data transmission

15 controller 10, adjusts the amplitude and phase of the

plurality of mobile stations Ml, M2 desiring to receive

20 the multicast data, as depicted in Fig. 3 1
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1nterference that acts upon the other mobile station M3

pPresent in the cell.

In an instance where the mobile station M}
receiving the multicast data is already inside the cell
5> and the other mobile station M2 then lssues a multicast
data request anew, as l1llustrated in Fig. 4, a signal

beam S4 that covers the mobile station M2 that

10 multicast data is sent simultaneously to all mobile

1 : .
5 has a plurality of signal Processing units 20A to 20N

. . .
0 Signals received by a pPlurality of antenna elements 21A

antenna couplers 22A to 22M, respectively. Each of the

5t . . _
Signals are input, a coefficient Calculation unit 24
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multipliers.
Among the Coefficients (Y'1,90'7) to (Y'M.0'y) output
5 by the coefficient Ccalculation unit 24, the coefficients

Y'1 to yY'm are for adjusting the amplitudes of the

respective received signals, and the coefficients 0'; to

10 The coefficient calculation unit 24 accepts the

15 signal. Maximization of the combined received signal

directed toward the mobile station that is the object of

reception. Combined received signals thus maximized by
such control in the 1st through nth signal processing
20 units 20A to 20N_are output to the corresponding 1st
through nth receivers 8a - 8N, respectively.
- Meanwhile, transmission signals that have been
output by the 1st through nth transmitters A to 7N are
output to the corresponding 1lst through nth signal

25 Processing units 20A to 20N. Each of the signal
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26M to which respective ones of the transmission Signals

are input. The coefficient calculation unit 24 supplies

signals are multiplied, after which the products
5 obtained from the multipliers are supplied to adders 27A

Lo 27M, respectively, the outputs of which are supplied

10 adjusting the amplitudes of the respective transmission

signals, and the coefficients 01 to 6y are for adjusting
the phases of the respective transmission signals.
Though the coefficients (Y'1.9'1) to (y'wm, 6'y) calculated
at the time of reception may be used as is as the

15 coefficients (Y1,97) to (YM.OpM), it is preferred that the -
coefficients (y;,61) to (M. 6M) be obtained by correcting
the coefficients (Y'1.0'1) to (Y'm.9'y) calculated at the

time of reception. The reason for this is that if the

20  there is the possibility that the Characteristics will
differ slightly. 1In any case, since the transmitting
pattern and the receiving pattern of the antenna
generally are considered to be the same, the directivity
pattern of the antenna will be directed toward the

o . . : .
mobile station that is the object of Lransmission if the

coefficients (y;,0,) to (YM.OM) based upon the
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coefficients v'1,6'7) to (Y'M.0'M) are used.
When a multicast data transmission is made, on the
other hand, the signal Processing units 20A to 20N

receive multicast data request commands from each of the

5 mobile stations and first Calculate, for every mobile

station, coefficients (Y'1,0'7) to (Y'M,0'M) for reception

purposes based upon the received signals. Once the
coefficients (y'1,0'7) to (Y'M,.0'M) of every mobile
station have been reported to the controller 10, the
10 coefficients are communicategd via the controller 10 to
the signal processing unit that will take charge of
transmission of the multicast data. Assume here that

the signal processing unit 20A corresponds to this

signal processing unit.

15 On the basis of the coefficients (Y'1.0'7) to
(Y'M.6'M) of every mobile station, the coefficient
calculation unit 24 of. the signal Processing unit 20A
calculates coefficients (Y1.91) to (yy,0v). which are for

transmission purposes. in such a manner that a plurality

25~ coefficients.
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amplitude owing to multiplication by the coefficients

(71.01) to (Y4, 6y) are supplied to the antenna elements

result, multicast data can be Lransmitted simultaneously

10 multicast datsa.

Thus, at the time of individual transmission, the

adaptive array antenna 14 Calculates coefficients (v1.,61)

to ('Ww,6M) that will point the signél beam solely toward
15 a signal solely to this mobile station of the

Cransmission, on the other hand,. the adaptive array

antenna 14 calculates coefficients (Y1.61) to (yu.O8y) that

20 multicast data to be covered by one signal beam and
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When multicast data is transmitted in the mobile

10 radiotelephone system 1, the system calculates the

coefficients (y;,07) to (YM.BM) that will cause the

plurality of mobile stations requesting multicast dGatg

to be covered by one signal beam. Consequently, the

15 array antenna 14 covers a plurality of base stations
desiring the multicast data, as lllustrated in Fig. 3,
and the multicast data can be transmitted simultaneously
Lo the plurality of mobile stations efficiently as a
result Furthermore, since the multicast data is

20

25 Moreover,
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However, the present invention is not limited to this

arrangement. By way of example, the mobile services

Sswitching center 2 may be provided with input means and

Furtherxr, the above-described embodiment relates to

4 case where the coefficients (Y1.81) to (yv,6y) are

arrangement, for it is permissible to calculate the
coefficients (y1,07) to (Ym.B4) based upon another
received signal sent from a mobile station, such as a
received signal prevailing-at the time of 1ndividual

communication. Still another feasible arrangement is to
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plurality of mobile stations.
Further, the above-described embodiment relates to
@ case where the present invention is applied to a
communication system with a CDMaA communications scheme.
10 However, the present 1invention is not limited to such
application but can be adapted so as to be applicable to
any wireless communications Ssystems such as a TDMA andg
FDMA system.
.Further, the above-described embodiment relates to
15 a case where the present invention js applied to the
mobile radiotelephone system 1. However, the present
invention is not limited to such application but can be
adapted so as to be applicable to a wireless LAN system
Or other wireless system. What 1s essential is that in
20 a case where identical information is Cransmitted to a

plurality of mobile stations 1n a wireless

communications system, in which radioc links are
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certailn one mobile station to which a base station

communicates with, effects similar

Further, though an adaptive-array'antenna 1s used

1n the foregoing embodiment , any other means andg methods

may be used as long as directivity can be controlled.

10

In addition,
. lnterference

be suppressed.

As many apparently widely different embodiments of

<0 the present invention can be made without departind from

the spirit and Scope thereof,
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. A wireless telecommunications system, having at least
one base station and mobile Stafion, in which radio links
are established between said base station, which 1s
provided with an antenna whose directivity 1s capable of
being controlled, and said mobile station, wherein when
communication is performed with one of said mobile
stations, a signal beam pointing substantially toward only
sald one mobile station is formed by said antenna to
communicate with said one mobile station;

salid base station forming a multicast signal beam, which
is directed only toward a plurality of specific mobile
stations which are permitted to receive specific
information, by said antenna when said specific information
is to be sent to the plurality of said specific mobile

stations, and sending this information by said multicast

signal beam.

2. The system according to claim 1, wherein said base
station transmits said specific information in response to

a request from one of said specific mobile stations.

3. The system according to claim 1, wherein said antenna
1s formed from a plurality of antenna elements, and said
base station adjusts, by multiplying coefficients,
amplitude and phase of a transmission signal generated
based upon sald specific information to be transmitted and
transmits the resulting signals from respective ones of the

plurality of said antenna elements, thereby forming the

multicast signal beam.
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4. The system according to claim 3, wherein said base
station calculates said coefficients based upon reception

signals received from said specific mobile stations.

5. The system according to any one of claims 1 to 4,

wherein sald antenna is an adaptive array antenna.

6. A base station for establishing radio links with
mobile stations, wherein when communication is performed
with one of said mobile stations, a signal beam pointing
toward only said one mobile station is formed by an
antenna, the directivity whereof is capable of being
controlled, to communicate with said one mobile station;

wherein when a specific information is to be sent to a

plurality of specific mobile stations which are permitted

Lo receive said specific information, a multicast signal

beam directed only toward the plurality of said specific
moplle stations is formed by said antenna and said specific

information is sent by said multicast signal beam.

7. The base station according to claim 6, wherein said
specific information is transmitted in response to a

request from one of said specific mobile stations.

8 . The base station according to claim 6, wherein said
antenna 1s formed from a plurality of antenna elements, and

amplitude and phase of a transmission signal generated

pased upon said specific information to be transmitted are
adjusted by multiplying coefficients and the resulting
signals are transmitted from respective ones of the

plurality of said antenna elements, thereby forming said

multicast signal beam.
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9. The base station according to claim 8, wherein said
pase station calculates said coefficients based upon

reception signals received from said specific mobile

stations.

10. A telecommunications method of establishing radio
links between a base station, which is provided with an
adaptive array antenna, and mobile stations, wherein when
communication is performed with one of said mobile
stations, a signal beam pointing toward only said one
mobile station is formed by said adaptive array antenna to
 communicate with said mobile station;

said basé station forming a multicast signal beam, which
covers only a plurality of specific mobile stations which
are permitted to receive specific information
simultaneously, by said adaptive array antenna when said
specific information is to be sent to the plurality of said

specific mobile stations, and sending this information by

sald multicast signal beam.

11. The method according to claim 10, wherein said base
station transmits said specific information in response to

a request from one of said specific mobile stations.

12. The method according to claim 10, wherein said base
station adjusts, by multiplying coefficients, amplitude and
phase of a transmission signal generated based upon said
specific information to be transmitted and transmits the
resulting signals from respective ones of a plurality of

antenna elements of said adaptive array antenna, thereby

forming said multicast signal beam.
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13. The method according to claim 12, wherein said base

station calculates said coefficients based upon reception

signals received from said specific mobile stations.
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