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(57) ABSTRACT 
Signals received by a plurality of antenna elements are 
supplied to a beam forming circuit via a distributor. The 
beam forming circuit Weights and combines the signals to 
output a reception signal corresponding to a beam having a 
predetermined directionality pattern. A Weight used to con 
trol Weighting and combining is set by a Weight controller. 
Upon receiving a registration request from an unregistered 
terminal, the Weight controller calculates a Weight vector 
used to form a beam having null directionality toWard that 
terminal, and maximum directionality toWard the range of 
an area other than an area Where the terminal is located of 
a plurality of areas obtained by dividing the area covered by 
the antenna elements in accordance With direction. 
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WIRELESS COMMUNICATION SYSTEM, WEIGHT 
CONTROL APPARATUS, AND WEIGHT VECTOR 

GENERATION METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Application 
No. 2000-333202, ?led Oct. 31, 2000, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to a Wireless com 
munication system for making space-division multiple 
access, a Weight control apparatus, and a Weight vector 
generation method. 

[0004] 2. Description of the Related Art 

[0005] In an FWA (Fixed Wireless Access) system, a base 
station and ?xed terminal station make Wireless, high-speed 
communications. In a point-to-multipoint (P-MP) system, a 
base station communicates With a plurality of terminal 
stations. In the P-MP system, space-division multiplex 
access (SDMA) is knoWn as means for increasing the 
subscriber capacity. As shoWn in FIG. 16, an adaptive array 
1002 arranged in a base station 1001 forms orthogonal 
beams that do not interfere With each other. These beams 
alloW simultaneous communications of a plurality of termi 
nals 1003. 

[0006] FIG. 17 shoWs an arrangement of the adaptive 
array 1002 When the multiplexing degree=2. In beam form 
ing circuits 1051 and 2051, appropriate Weight vectors are 
set in Weighting devices 1501 to 1504 and 2501 to 2504. 
These Weighting devices and combiners 1512 and 2512 
Weight and combine the outputs from antenna elements 1011 
to 1014, thereby forming orthogonal beams having maxi 
mum directionality toWard one terminal, and null direction 
ality toWard the other terminal. 

1. Field of the Invention 

[0007] The same applies to a case Wherein the multiplex 
ing degree is more than 3. That is, orthogonal beams are 
formed to have maximum directionality toWard the objective 
terminal, and null directionality toWard a plurality of 
remaining terminals. 

[0008] In the conventional system, Weights for forming 
orthogonal beams used to attain space-division multiplex 
access are individually calculated and held in correspon 
dence With all combinations of terminals While considering 
the multiplexing degree for a given number of base stations. 
For example, When the multiplexing degree=2 and the total 
number of terminals=n, the number of combinations of 
Weights to be calculated and held as combinations of ter 
minals is n><(n—1). Therefore, the number of combinations of 
Weights to be held becomes huge With increasing number of 
registered terminals Which must undergo space-division 
multiplex access. 

[0009] A Wireless communication system that makes 
packet communications by CSMA/CA is knoWn. 

[0010] FIG. 22 shoWs the arrangement of an IEEE802.11 
Wireless LAN system using CSMA/CA. A base station 900 
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senses carriers before transmission of packets to a terminal 
911. Upon receiving packets containing channel reserve 
information from a terminal 913, the base station 900 
postpones packet transmission during that reserved period. 
After that, the base station 900 Waits for a random time 
period (back-o?f process) calculated by a controller 901, and 
transmits packets addressed to a target terminal 911. If the 
received data is correct, the target terminal 911 transmits an 
acknowledge response packet (ACK) to the base station 
after an elapse of a predetermined period of time. If the base 
station 900 fails to receive ACK from the target terminal 911 
after an elapse of a predetermined period of time, it executes 
the back-off process using the controller 901 and transmits 
data again. 

[0011] On the other hand, an adaptive array can improve 
communication quality by forming beams that reduce inter 
ference from a neighboring cell, as shoWn in FIG. 23. 

[0012] The adaptive array generally makes beam control 
on the basis of a received signal. For example, a direction 
constrained poWer minimiZation method suppresses all 
received signals as interfering signals While holding the gain 
in a speci?c direction. Therefore, if a situation in Which only 
an interference Wave from a neighboring cell arrives is 
formed, and the direction-constrained poWer minimiZation 
method is used in this situation, beams that can cover a 
speci?c area in the self cell and can remove the interference 
Wave can be formed. 

[0013] However, in order to suppress all co-channel inter 
ference Waves from a neighboring cell, the number of 
antenna elements must be increased, resulting in a large 
apparatus scale. 

[0014] Since the IEEE802.11 Wireless LAN system using 
CSMA/CA does not make integrated control of packet 
transmission, as described above, it is dif?cult to form a 
situation in Which only terminals or base stations to be 
suppressed transmit packets. As a result, a terminal of the 
self cell transmits packets in place of the terminal or base 
station to be suppressed, and unWanted beams that suppress 
such packets are formed. 

BRIEF SUMMARY OF THE INVENTION 

[0015] The present invention has been made in consider 
ation of the above situation, and has as its object to provide 
a Wireless communication system, Weight control apparatus, 
and Weight vector generation method, Which can prevent the 
number of Weights to be held from increasing abruptly even 
When the number of terminals increases, since orthogonal 
beams are not prepared in correspondence With combina 
tions of terminals upon space-division multiplex access. 

[0016] It is another object of the present invention to 
reduce the apparatus scale by limiting the number of inter 
ference Waves to be suppressed in a Wireless communication 
system that makes packet communications using CSMA/ 
CA, and to form a situation in Which only interference Waves 
to be suppressed are present so as to form beams Which 
remove these interference Waves. 

[0017] According to one aspect of the present invention, 
there is provided a Wireless communication system Which 
alloWs simultaneous communications With a plurality of 
terminals by space-division multiplex access, comprising: a 
plurality of antenna elements that receive a signal transmit 
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ted from the terminals; a plurality of beam forming units 
con?gured to output reception signals corresponding to 
beams having predetermined directionality patterns by 
Weighting and combining reception signals received by the 
plurality of antenna elements; and a controller con?gured to 
set Weight vectors used to control Weighting and combining 
in the plurality of beam forming units, Wherein When the 
controller receives a registration request from an unregis 
tered terminal, the controller calculates and stores at least 
one of the Weight vectors used to form a beam having null 
directionality toWard the unregistered terminal and maxi 
mum directionality toWard a speci?c area other than an area 
Where the unregistered terminal is located of areas obtained 
by dividing a cover area covered by the Wireless commu 
nication system. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0018] FIG. 1 is a vieW for explaining an FWA system 
according to the ?rst embodiment of the present invention; 

[0019] FIG. 2 is a block diagram shoWing an example of 
the arrangement of an adaptive array according to the ?rst 
embodiment; 

[0020] FIG. 3 shoWs a cover area of a base station accord 
ing to the ?rst embodiment, Which is divided into a plurality 
of areas; 

[0021] FIG. 4 is a block diagram shoWing an example of 
the arrangement of a terminal classi?cation unit of the 
adaptive array according to the ?rst embodiment; 

[0022] FIG. 5 shoWs beams formed by initial Weights 
according to the ?rst embodiment; 

[0023] FIG. 6 is a How chart shoWing an example of a 
registration sequence of a terminal according to the ?rst 
embodiment; 

[0024] FIG. 7 shoWs beams formed by initial Weights 
according to the ?rst embodiment; 

[0025] FIG. 8 shoWs beams having null directionality 
toWard terminals according to the ?rst embodiment; 

[0026] FIG. 9 shoWs beams having null directionality 
toWard terminals according to the ?rst embodiment; 

[0027] FIG. 10 is a table shoWing an example of the 
storage contents of a correspondence storage unit according 
to the ?rst embodiment; 

[0028] FIG. 11 is a How chart shoWing an example of a 
space-division multiplex access sequence for tWo terminals 
according to the ?rst embodiment; 

[0029] FIG. 12 shoWs beams upon space-division multi 
plex access for tWo terminals according to the ?rst embodi 
ment; 

[0030] FIG. 13 is a block diagram shoWing an example of 
an adaptive array according to the second embodiment of the 
present invention; 

[0031] FIG. 14 is a How chart shoWing an example of a 
registration sequence of a terminal according to the second 
embodiment; 
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[0032] FIG. 15 is a table shoWing an example of the 
storage contents of a correspondence storage unit according 
to the second embodiment; 

[0033] FIG. 16 is a vieW for explaining a conventional 
point-to-multipoint system; 

[0034] FIG. 17 is a block diagram shoWing an example of 
the arrangement of a conventional adaptive array When the 
multiplexing degree is 2; 

[0035] FIG. 18 is a diagram for explaining a Wireless 
communication system according to the third embodiment 
of the present invention; 

[0036] FIG. 19 is a How chart shoWing a control method 
of an adaptive array for a Wireless base station according to 
the third embodiment; 

[0037] FIG. 20 is a diagram for explaining the internal 
arrangement of a controller of the adaptive array according 
to the third embodiment of the present invention; 

[0038] FIG. 21 is a diagram for explaining a Wireless 
communication system according to the fourth embodiment 
of the present invention; 

[0039] FIG. 22 is a diagram for explaining a conventional 
IEEE802.11 Wireless LAN system using CSMA/CA; and 

[0040] FIG. 23 is a diagram for explaining conventional 
adaptive array antennas. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0041] Embodiments of the present invention Will be 
described hereinafter With reference to the accompanying 
draWings. 

First Embodiment 

[0042] FIG. 1 shoWs an example of an FWA (Fixed 
Wireless Access) system including a base station 1 to Which 
the ?rst embodiment of the present invention is applied. 

[0043] Abase station 1 comprises an adaptive array (Wire 
less communication system) 2, and can make simultaneous 
communications With a plurality of terminals 3 via a single 
channel by avoiding interference betWeen terminals using 
the adaptive array 2. Note that FIG. 1 illustrates a 90° sector, 
but the present invention is not limited to this. 

[0044] Note that this embodiment Will exemplify space 
division multiplex access (SDMA) of tWo terminals using an 
adaptive array consisting of four antenna elements. 

[0045] FIG. 2 shoWs an example of the arrangement of the 
adaptive array arranged in the base station according to this 
embodiment. 

[0046] As shoWn in FIG. 2, the adaptive array of this 
embodiment comprises m (m is a plural number; m=4 in 
FIG. 2) antenna elements 11 to 14, m ampli?ers (loW noise 
ampli?ers) 21 to 24, m frequency converters 31 to 34, m 
distributors 41 to 44, n (n is a plural number; n=2 in FIG. 2) 
beam forming circuits 51 and 52, n receivers 61 and 62, and 
a Weight controller 7. 

[0047] The beam forming circuit 51 includes m Weighting 
devices 5111 to 5114, and a combiner 512. LikeWise, the 
beam forming circuit 52 includes m Weighting devices 5211 
to 5214 and a combiner 522. 
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[0048] Furthermore, the Weight controller 7 includes a 
terminal classi?cation unit 71, terminal storage unit 72, 
Weight calculation unit 73, Weight storage unit 74, and 
Weight selection unit 75. 

[0049] Note that the base station may comprise a plurality 
of adaptive arrays shoWn in FIG. 2. For example, When the 
adaptive array shoWn in FIG. 2 covers a 90° sector, the base 
station can cover 360° full directions if it comprises four 
adaptive arrays. 

[0050] In the adaptive array shoWn in FIG. 2, reception 
signals received by the antenna elements 11 to 14 are 
respectively input to the corresponding ampli?ers 21 to 24. 
The ampli?ers 21 to 24 respectively amplify the reception 
signals. 

[0051] The reception signals ampli?ed by the ampli?ers 
21 to 24 are respectively input to the corresponding fre 
quency converters 31 to 34. The frequency converters 31 to 
34 respectively convert the frequency bands of the reception 
signals from radio frequency (RF) to intermediate frequency 
(IF) or baseband (BB). 

[0052] The reception signals frequency-converted by the 
frequency converters 31 to 34 are respectively input to the 
corresponding distributors 41 to 44. The distributors 41 to 44 
distribute the reception signals and output them to the beam 
forming circuits 51 and 52. 

[0053] In this Way, the beam forming circuit 51 receives 
the reception signals received by the antenna elements 11 to 
14 from the distributors 41 to 44. The same applies to the 
beam forming circuit 52. 

[0054] The reception signals input to the beam forming 
circuit 51 are respectively Weighted by the Weighting 
devices 5111 to 5114, and are then combined by the com 
biner 512. The combined signal is sent to the receiver 61. 
The same applies to the beam forming circuit 52. 

[0055] The Weights in the Weighting devices 5111 to 5114 
and 5211 to 5214 are appropriately set by the Weight 
controller 7. 

[0056] In the above description, the reception signals are 
analog signals. Also, using A/D converters and the like, 
Weighting can be done in a digital signal domain. 

[0057] The Weight controller 7 Will be described in detail 
beloW. 

[0058] Note that this embodiment Will examine a case 
Wherein the cover area (by the adaptive array in FIG. 2) of 
the base station is divided into a plurality of areas in 
accordance With direction vieWed from the base station, as 
shoWn in FIG. 3, and a given terminal belongs to one of the 
plurality of areas. FIG. 3 exempli?es a case Wherein When 
the cover area of the base station is divided into seven areas 
A1 to A7, a terminal T1 belongs to the area A2, and a 
terminal T2 belongs to the area A5. The area con?guration 
shoWn in FIG. 3 Will be taken as an example in the folloWing 
description. Of course, the present invention may be applied 
even When the cover area is divided into another number of 
areas, or When the cover area is divided unequally. 

[0059] The terminal classi?cation unit 71 in the Weight 
controller 7 estimates one of the plurality of areas obtained 
by dividing the cover area of the base station, Where the 
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target terminal 3 is located (one of the areas A1 to A7 in FIG. 
3) on the basis of the reception signal from the terminal 3. 

[0060] After the area to Which the terminal 3 belongs is 
estimated, a correspondence betWeen identi?cation informa 
tion for identifying the terminal 3, and identi?cation infor 
mation for identifying the area to Which the terminal 3 
belongs, and Which is estimated by the terminal classi?ca 
tion unit 71 is stored as terminal-area correspondence infor 
mation in a correspondence storage unit 72 (see FIG. 10; 
FIG. 10 shoWs an example of the contents after the terminals 
T1 and T2 have been registered, as Will be described later). 

[0061] The Weight calculation unit 73 calculates a Weight 
for forming a beam having null directionality toWard the 
terminal 3 and maximum directionality toWard the range of 
a speci?c area other than the area to Which the terminal 3 
belongs, on the basis of the contents of the terminal-area 
correspondence information stored in the correspondence 
storage unit 72 using the reception signal from the terminal 
3 (null directionality points to that terminal, While maximum 
directionality points to (one of directions) the range of the 
corresponding area). This Weight is calculated for a case 
Wherein each of all areas other than the area to Which the 
terminal 3 belongs or each of areas that satisfy a predeter 
mined condition other than the area to Which the terminal 3 
belongs is assumed to be the speci?c area. In the example of 
the arrangement shoWn in FIG. 2, the Weight is a four 
dimensional vector. 

[0062] The Weights calculated by the Weight calculation 
unit 73 are stored in the Weight storage unit 74 so that the 
corresponding terminal (i.e., a terminal to Which null direc 
tionality is pointed) and the corresponding area (an area to 
Which maximum directionality is pointed) can be speci?ed. 

[0063] Upon making space-division multiplex access 
(SDMA) for tWo terminals, When the Weight used to form a 
beam having null directionality toWard the second terminal 
and maximum directionality toWard the range of the area to 
Which the ?rst terminal belongs, and the Weight used to form 
a beam having null directionality toWard the ?rst terminal 
and maximum directionality toWard the range of the area to 
Which the second terminal belongs, are stored in the Weight 
storage unit 74, the Weight selection unit 75 sets these tWo 
Weights respectively in the Weighting devices 5111 to 5114 
of the beam forming circuit 51 and the Weighting devices 
5211 to 5214 of the beam forming circuit 52. In this fashion, 
even When an identical channel is used, the beam forming 
circuit 51 can supply the reception output from the ?rst 
terminal to the receiver 61, and the beam forming circuit 52 
can supply the reception output from the second terminal to 
the receiver 62 (of course, correspondence betWeen the 
terminals and the beam forming circuits/receivers may be 
reversed). In the example of FIG. 3, these tWo Weights 
correspond to a Weight used to form a beam having null 
directionality toWard the terminal T2 and maximum direc 
tionality toWard the range of the area A2 to Which the 
terminal T1 belongs, and a beam having null directionality 
toWard the terminal T2 and maximum directionality toWard 
the range of the area A5 to Which the terminal T2 belongs. 

[0064] The arrangement of the terminal classi?cation unit 
71 Will be described in more detail beloW. 

[0065] FIG. 4 shoWs an example of the internal arrange 
ment of the terminal classi?cation unit 71. 
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[0066] An initial Weight storage device 711 stores a Weight 
used to form a beam having maximum directionality toward 
the corresponding area (in a direction of, e.g., its central 
portion), as an initial Weight for each of the plurality of areas 
obtained by dividing the cover area of the base station. For 
example, in case of FIG. 3, seven different initial Weights, 
i.e., an initial Weight used to form a beam having maximum 
directionality toWard the area A1, . . . , an initial Weight used 

to form a beam having maximum directionality toWard the 
area A7, are stored. Note that the initial Weights do not 
particularly consider the directions of null directionality. 

[0067] B1, B2, B3, . . . , B7 respectively represent beams 
having maximum directionality toWard the areas A1, A2, 
A3, . . . ,A7, and W1, W2, W3, . . . , W7 represent Weights 

used to form these beams B1, B2, B3, . . . , B7. 

[0068] FIG. 5 exempli?es the states of the beams B1, B2, 
B3, . . . , B7 formed using the Weights W1, W2, W3, . . . , 

W7. 

[0069] A reception state observation device 712 observes 
a signal from the terminal 3 When upon setting the initial 
Weights stored in the initial Weight storage device 711 in the 
Weighting devices 5111 to 5114 of the beam forming circuit 
51, and determines an area to Which maximum directionality 
of a beam that can assure the best reception state of the 
signal from the terminal 3 (i.e., an area pointed by maximum 
directionality of a beam formed by the initial Weight used in 
that state) is pointed as an area to Which the terminal 3 
belongs. The reception state observation device 712 outputs, 
as the observation result, identi?cation information of the 
terminal, and that of the area to Which that terminal belongs, 
to the correspondence storage unit 72. 

[0070] Note that the “best reception state” evaluated by 
the reception state observation device 712 is a reception 
state With maximum reception poWer. Alternatively, for 
example, the best reception state may be de?ned as a 
reception state With a maximum signal to noise poWer ratio. 

[0071] In the above description, the beam forming circuit 
51 is used in observation. Of course, the beam forming 
circuit 52 may be used. Also, one of the beam forming 
circuits 51 and 52 may be ?xedly used, or may be selected 
by a predetermined method in each observation. Further 
more, different initial Weights may be set in the tWo beam 
forming circuits to observe signals parallel to each other. In 
this Way, the time required for evaluation can be shortened. 

[0072] With the aforementioned arrangement, an area in 
Which the terminal is currently located can be estimated 
using only the output from the beam forming circuit 51 or 
52. 

[0073] The Weight calculation unit 73 Will be explained 
beloW. 

[0074] The Weight calculation unit 73 makes predeter 
mined repetitive calculations based on the reception signal 
from the terminal 3 using the initial Weight (i.e., an initial 
Weight used to form a beam having maximum directionality 
toWard a given area) stored in the initial Weight storage 
device 711 as an initial value, thus calculating a Weight used 
to form a beam (having maximum directionality toWard a 
given area and) having null directionality toWard the termi 
nal 3 (i.e., the unit 73 repeats calculations of a Weight value 
to converge the direction of null directionality to that of the 
terminal 3). 
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[0075] In a practical process for this purpose, a Weight 
vector used to form a beam having a directionality gain in a 
desired direction is set as an initial value, and null direc 
tionality is set in an incoming Wave direction While this gain 
is maintained. Required information is only output poWer of 
the beam forming circuit. 

[0076] The operation sequence for making space-division 
multiple access (SDMA) for tWo terminals by the base 
station of this embodiment Will be explained beloW. 

[0077] A case Will be examined beloW Wherein the tWo 
terminals neWly subscribe to a service in the order of 
terminal T1 aterminal T2. As shoWn in FIG. 3, the terminal 
T1 is located Within the area A2, and the terminal T2 is 
located Within the area A5. 

[0078] A registration process When a neW terminal sub 
scribes Will be explained ?rst, and a process upon making 
space-division multiple access (SDMA) for tWo terminals 
Will be explained. 

[0079] FIG. 6 shoWs an example of the registration 
sequence of a neW terminal. 

[0080] The registration sequence When the terminal T1 
subscribes as a neW terminal Will be explained. 

[0081] The terminal T1 sends a registration request signal 
to the base station (step S1). 

[0082] The base station receives the signal from the ter 
minal T1. When the base station recognizes that the received 
signal is a registration request, it assigns an empty channel 
to the terminal T1, and instructs the terminal T1 to send a 
signal With predetermined poWer in that assigned channel 
(step S2). The predetermined poWer value must be appro 
priately set to eliminate the in?uence of overreach interfer 
ence from a neighboring cell. 

[0083] The terminal T1 sends a signal using the assigned 
channel and instructed transmission poWer (step S3). 

[0084] During this interval, in the base station, the recep 
tion state observation device 712 checks the reception poWer 
from the terminal T1 upon setting the initial Weights W1, 
W2, W3, . . . , W7 stored in the initial Weight storage device 

711 in the Weighting devices 5111 to 5114 of the beam 
forming circuit 51, respectively, and stores in the corre 
sponding storage unit 72 the area A2 (FIG. 7) to Which 
maximum directionality of the beam B2 corresponding to 
the maximum reception poWer is pointed as an area to Which 
the terminal T1 belongs (step S4). 

[0085] After that, the Weight calculation unit 73 calculates 
a Weight used to form a beam having null directionality 
toWard the terminal T1. At this time, in this example, as for 
an area to Which maximum directionality is pointed, a 
condition that areas except for the area A2 to Which the 
terminal T1 belongs must be separated a predetermined 
angle or more from the area to Which the terminal T1 
belongs is imposed. Also, as another condition, such area is 
separated one or more areas from the area to Which the 

terminal T1 belongs. Under these conditions, areas to Which 
maximum directionality are pointed are four areas A4, A5, 
A6, and A7. 

[0086] More speci?cally, as shoWn in FIG. 8, Weights 
W_A4_T1 , W_A5_T1 , W_A6_T1 , and W_A7_T1 used to 
form beams B_A4_T1, B_A5_T1, B_A6_T1, and B_A7_T1 
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having null directionality toward the terminal T1 and maxi 
mum directionality toward the areas A4, A5, A6, and A7, 
Which are separated a predetermined angle or more from the 
area A2 to Which the terminal T1 belongs, of those except for 
the area A2 are calculated (steps S5 and S6). 

[0087] In this case, upon calculating the Weight 
W_A4_T1, a Weight used to form a beam having null 
directionality toWard the terminal T1 is calculated by repeti 
tive calculations based on the reception signal from the 
terminal T1 using the initial Weight W4 stored in the initial 
Weight storage device 711 as an initial value. Likewise, the 
Weights W_A5_T1, W_A6_T1, and W_A7_T1 are calcu 
lated using the initial Weights W5, W6, and W7 as initial 
values. 

[0088] These Weights W_A4_T1, W_A5_T1, W_A6_T1, 
and W_A7_T1 calculated by the Weight calculation unit 73 
are stored in the Weight storage unit 74 (steps S5 and S6). 

[0089] When maximum directionality is separated a pre 
determined angle or more from null, as described above, the 
gain difference betWeen maximum directionality and null 
can be set to be a predetermined value or more. 

[0090] With the aforementioned processes, since registra 
tion of the terminal T1 is complete, the base station instructs 
the terminal T1 to end signal transmission (step S7). 

[0091] Subsequently, assume that the terminal T2 neWly 
subscribes to this service. 

[0092] In this case as Well, the same sequence as in FIG. 
6 is executed. That is, the area A5 to Which maximum 
directionality of the beam B5 corresponding to the maxi 
mum reception poWer from the terminal T2 is pointed is 
stored as an area to Which that terminal belongs in the 
correspondence storage unit 72. After that, as shoWn in FIG. 
9, Weights W_A1_T2, W_A2_T2, W_A3_T2, and 
W_A7_T2 used to form beams B_A1_T2, B_A2_T2, 
B_A3_T2, and B_A7_T2 having null directionality toWard 
the terminal T2 and maximum directionality toWard the 
areas A1, A2, A3, and A7, Which are separated a predeter 
mined angle or more from the area A5 to Which the terminal 
T2 belongs, of those except for the area A5 are calculated. 
In this case, the initial Weights W1, W2, W3, and W7 are 
used as initial values. The Weights calculated by the Weight 
calculation unit 73 are stored in the Weight storage unit 74. 
With the aforementioned process, since registration of the 
terminal T2 is complete, the base station instructs the 
terminal T2 to end signal transmission. 

[0093] FIG. 10 shoWs an example of the storage contents 
of the correspondence storage device 72 upon completion of 
registration of the terminals T1 and T2. 

[0094] In this embodiment, the registration sequence for 
other terminals T3, T4, . . . When these terminals T3, T4, . 

. . neWly subscribe to the service after the terminals T1 and 
T2 is executed in the same manner as described above. 

[0095] A process upon making space-division multiplex 
access (SDMA) for the tWo terminals T1 and T2 Will be 
explained beloW. 

[0096] FIG. 11 shoWs an example of the processing 
sequence in this case. 

[0097] The terminals T1 and T2 send communication 
request signals to the base station (step S8). 
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[0098] The base station receives the signals from the 
terminals T1 and T2. When the base station recogniZes that 
these signals are communication requests, since the Weight 
W_A5_T1 used to form the beam B_A5_T1 having. null 
directionality toWard the terminal T1 and maximum direc 
tionality toWard the area A5 to Which the terminal T2 
belongs, and the Weight W_A2_T2 used to form the beam 
B_A2_T2 having null directionality toWard the terminal T2 
and maximum directionality toWard the area A5 to Which the 
terminal T1 belongs are stored in the Weight storage device 
74, the Weight selection unit 75 sets, e.g., the Weight 
W_A5_T1 in the Weighting devices 5111 to 5114 of the 
beam forming circuit 51, and the Weight W_A2_T2 in the 
Weighting devices 5211 to 5214 of the beam forming circuit 
52 (step S9). Of course, the correspondence betWeen the 
Weights and beam forming circuits may be different from 
(reversed to) that described above. 

[0099] FIG. 12 exempli?es the states of the beams at that 
time. 

[0100] After that, an identical channel is assigned to the 
terminals T1 and T2 (step S10). 

[0101] In this Way, signals from the terminals T1 and T2 
can be respectively received by the receivers 62 and 61 
Without interfering With each other (of course, When the 
correspondence betWeen the Weights and beam forming 
circuits is reversed to that described above, signals from the 
terminals T1 and T2 are respectively received by the receiv 
ers 61 and 62). 

[0102] When a communication is made With only one 
terminal (e.g., T1) after the Weights that consider null 
directionality are calculated, the communication may be 
made using the initial Weight (e.g., W2) used to form a beam 
having maximum directionality toWard the area A2 to Which 
the terminal T1 belongs, or using one of Weights (e.g., 
W_A2_T2) used to form a beam having maximum direc 
tionality toWard the area A2 to Which the terminal T1 
belongs and null directionality toWard a terminal in another 
area. 

Second Embodiment 

[0103] Since this embodiment is basically the same as the 
?rst embodiment, differences betWeen this embodiment and 
the ?rst embodiment Will be mainly explained beloW. 

[0104] FIG. 13 shoWs an example of the arrangement of an 
adaptive array arranged in a base station according to this 
embodiment. 

[0105] As shoWn in the example of the arrangement of the 
adaptive array in FIG. 13, this embodiment is different from 
the ?rst embodiment in that an initial value selection unit 76 
is added to the example of the arrangement of the adaptive 
array of the ?rst embodiment shoWn in FIG. 2. 

[0106] This initial value selection unit 76 selects the 
Weight stored in the initial Weight storage device 711 of the 
terminal classi?cation unit 71 or that (used to form a beam 
having null directionality toWard a given terminal and 
maximum directionality toWard the range of a given area) 
stored in the Weight storage unit 74 on the basis of the 
registration record (terminal-area correspondence informa 
tion) stored in the correspondence storage unit 72, and inputs 
the selected Weight as an initial value to the Weight calcu 
lation unit 73. 












