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(57) ABSTRACT 

There is disclosed a base station apparatus for radiocom 
munication network in which radiocommunication with one 
or more radio terminal apparatuses is established according 
to a frequency hopping scheme. The base station apparatus 
includes a search section which searches for another radio 
communication network in the vicinity of the base station 
apparatus when the base station apparatus is started, and 
when another radiocommunication network is detected, 
obtains the pattern and time of frequency hopping in another 
radiocommunication network; and a frequency hopping 
selection/setting section which selects the pattern obtained 
by the search section as the frequency hopping pattern for 
the base station apparatus, and which selects, on the basis of 
the time obtained by the search section, timing at which the 
frequency hopping based on the pattern does not cause 
frequency interference with respect to frequency hopping 
performed in another radiocommunication network, and 
which carries out frequency hopping of the pattern at the 
thus-selected timing. It becomes possible to improve the 
throughput of the network system such as a radio LAN. 
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BASE STATION APPARATUS FOR 
RADIOCOMMUNICATION NETWORK, METHOD 
OF CONTROLLING COMMUNICATION ACROSS 

RADIOCOMMUNICATION NETWORK, 
RADIOCOMMUNICATION NETWORK SYSTEM, 

AND RADIO TERMINAL APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a base station 
apparatus for a radiocommunication network, a method of 
controlling communication across a radiocommunication 
network, a radiocommunication network system, and a radio 
terminal apparatus, all of which are suitable for use in a radio 

LAN (Local Area Network). 

[0003] 2. Description of the Related Art 

[0004] FIG. 12 is a block diagram illustrating a commu 
nications system to which a radio LAN is applied. In the 
communications system illustrated in FIG. 12, two radio 
base stations 101A and 101B connected to a cable network 
104 constitute radio LANs (radiocommunication networks) 
100A and 100B, respectively. 

[0005] These radio LANs 100A and 100B are systems, 
each of which connects a plurality of radio terminals (ter 
minal stations) 102 to the network without a cable. These 
radio base stations 101A and 101B control a plurality of 
radio terminals 102 eXisting in each of radio areas 103A, 
103B by periodically sending synchronous frame signals 
called beacon signals. In short, the range to which beacon 
signals propagate can be de?ned as each of the radio areas 
103A, 103B of the radio LANs 100A, 100B. 

[0006] Accordingly, the radio terminal 102 in either the 
radio area 103A or 103B is capable of establishing commu 
nication with a cable terminal 105 connected to the cable 
network 104 or with another radio terminal 102 eXisting in 
either the radio area 103B or 103A, via the radio base station 
101A or 101B. 

[0007] A spread spectrum (hereinafter abbreviated as SS) 
scheme is employed for a radiocommunication scheme used 
for the previously-described medium-speed radio LAN. In 
contrast to a scheme which employs speci?cally-limited 
ordinary frequency bands, the SS scheme utiliZes a much 
wider signal band. In the SS scheme, when a certain fre 
quency is considered, communication is established at an 
output as low as the level of noise. 

[0008] As illustrated in FIG. 13, according to the SS 
scheme, a train of input pulses is subjected to a narrow 
bandwidth modulation (i.e., primary modulation), and the 
thus-modulated signal is subjected to spread modulation 
(i.e., secondary modulation), so as to intentionally spread the 
spectrum of the signal. The signal subjected to spread 
modulation is then transmitted. Compared with the original 
narrow-band modulated signal, the signal having a spread 
spectrum has a high degree of redundancy and has high 
resistance to noise or fading. On a receiving side, a received 
signal is subjected to secondary demodulation (spread 
demodulation), and the signal is further subjected to primary 
demodulation, whereby a train of output pulses is obtained. 

[0009] The SS scheme is further classi?ed into a direct 
sequence (hereinafter abbreviated as DS) scheme and a 
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frequency-hopping (hereinafter abbreviated as FH) scheme. 
The DS scheme is a scheme in which information is sub 
jected to secondary modulation through use of a train of 
noise-like pulses which is much faster than a train of input 
pulses encoded from information to be transmitted. The FH 
scheme is a scheme in which a frequency band having a 
predetermined width is divided into a plurality of channels, 
and the plurality of channels are switched one after another 
so as to be sequentially used in the form of a predetermined 
pattern (i.e., an FH pattern) as a carrier frequency of an 
ordinary narrow-band modulated signal. Both the DS and 
FH schemes are intended to allow many users to effectively 
use a frequency band by distributing the frequency band of 
the carrier wave so as to reduce transmission time to as short 

a period as possible. 

[0010] The previously-described radio LAN employs the 
PH scheme. When the radio LANs 100A and 100B previ 
ously described with reference to FIG. 12 carry out com 
munication according to the PH scheme, the radio base 
stations 101A and 101B in the respective radio LANs 100A 
and 100B notify the radio terminals 102 in the radio areas 
103A and 103B of PH patterns used in the radio areas 103A 
and 103B by means of the foregoing beacon signals. 

[0011] If an FH scheme network is solely present, the 
network provides the throughput performance inherent 
therein without radio interference unless another piece of 
apparatus which sends radio waves at the same frequency 
band is present in the vicinity of the network. However, if 
there is another radio LAN system in the vicinity of the 
network (for example, there are overlapping areas among a 
plurality of radio areas 103A to 103C as illustrated in FIG. 
14), the same frequency band is used in these radio areas. 
Consequently, there may be cases where the same frequency 
is used at the same time or where adjacent frequencies are 
used, the throughput of the networks is deteriorated by radio 
interference between the networks. As the number of periph 
eral networks increases, the degree of interference increases, 
which in turn results in an increase in the rate of deteriora 
tion of the throughput. In FIG. 14, 100C designates a radio 
LAN, and 101C designates a radio base station used in the 
radio LAN 100C. 103C designates a radio area of the radio 
base station 101C. 

[0012] In Japan there are 23 channels in a frequency band 
which can be used for the foregoing LAN system. With the 
PH scheme, an operation is repeated in such a way that the 
23 channels are sequentially switched one after another in 
accordance with a predetermined FH pattern. Accordingly, 
during the course of one round of hopping among 23 
channels in accordance with the predetermined FH pattern, 
if there is present a radio wave having a frequency that 
interferes with the frequency band, interference occurs once 
at a frequency that coincides with the frequency of the 
interference radio wave and occurs twice at frequencies 
adjacent to the frequency of the interference radio wave. 

[0013] If interference occurs at a frequency that coincides 
with the frequency of the interference radio wave (i.e., when 
the frequency used for the PH scheme matches with the 
frequency of the interference radio wave), communication 
can be established by evenly using that frequency band. 
However, in the case where interference occurs at the 
adjacent frequencies (i.e., when the frequency used for the 
PH scheme is adjacent to the frequency of the interference 
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radio Wave), such interference cannot be avoided. If there is 
another radio station Which may cause radio interference in 
the vicinity of a radio station, the communication perfor 
mance of the radio station decreases by a maximum of 
2.5/23=10.8%. For example, if there are ?ve radio stations 
Which may cause radio interference in the vicinity of the 
radio station, there Will be a maximum reduction of 12.5/ 
23=54% in the communication performance of the radio 
station. 

[0014] To prevent such a problem, if there are a plurality 
of netWorks in the radio LAN system that employs the PH 
scheme, instead of avoiding the radio interference, there is 
used a hopping pattern Which prevents uneven occurrence of 
frequency interference, assuming that frequency interfer 
ence occurs at a certain probability. According to the tech 
nique disclosed in, e.g., Japanese Patent Application Laid 
Open (Kokai) No. 7-15443, if a certain radio station carries 
out communication through use of a predetermined FH 
pattern and if there are netWorks Which use the same FH 
pattern in the vicinity of that radio station, the radio station 
prevents frequency interference through using another FH 
pattern instead of the original FH pattern. HoWever, even if 
a different FH pattern is used, there is a suf?cient risk of 
interference being caused When the frequency used for the 
PH scheme matches With the frequency used in the other 
netWork or When the frequency used for the PH scheme is 
located adjacent to the frequency used in the other netWork. 
Therefore, it is impossible to ensure prevention of radio 
interference. 

[0015] In contrast, the transmission-line performance of 
the radio LAN is usually about 1-2 Mbps (about 1/10 to 1/5 
that of existing cable LANs). Accordingly, if a plurality of 
radio terminals concentrate at one radio station, there arises 
the imbalance of load betWeen the base stations having a 
large number of radio terminals connected thereto and base 
stations having a smaller number of radio terminals con 
nected thereto. There is a signi?cant difference in perfor 
mance betWeen the radio terminals used in the same area. 

[0016] CSMA/CA (Carrier Sense Multiple Access/Colli 
sion Avoid)-With-acknoWledgment scheme of a MAC 
(Media Access Control) layer protocol used for radio LAN 
is analogous to a CSMA/CD (Carrier Sense Multiple 
Access/Collision Detect) scheme Which has come into Wide 
spread use for existing cable LANs. HoWever, they are 
different from each other in the folloWing tWo points. 

[0017] First, in the radio LAN, a control frame (a syn 
chroniZation frame signal) is sent from the radio station at 
constant intervals, and each of the radio terminals also sends 
the control frame at irregular intervals, thereby hindering the 
transmission of an ordinary data frame. 

[0018] Second, in the radio LAN, collision cannot be 
detected de?nitely. Therefore, the folloWing procedure is 
performed in order to con?rm transmission of a frame. The 
receiving side sends an acknowledgment signal back to the 
sending side, and the sending side receives the acknoWledg 
ment signal in order to con?rm that a frame has been 
correctly received. Therefore, the transmitting side cannot 
acknoWledge the completion of transmission of a frame 
Without collision until it receives an acknoWledgment from 
the receiving side. 

[0019] In order to determine at an early time collision 
betWeen (or nonarrival of) data, or in order to ensure the 
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period of time during Which a transmission path is occupied, 
RTS (Request-to-send) and CTS (Clear-to-send) control 
frames are exchanged betWeen the transmitting side and the 
receiving side before data transmission. HoWever, if the RTS 
and CTS frame control signals are exchanged in a state 
Where there is a slight load on a transmission path and there 
are a small number of collisions, sending one frame of data 
takes a longer period of time. 

[0020] Such a complicated protocol is apt to increase the 
difference in effective throughput betWeen the radio LANs 
and the cable LANs. Therefore, in some netWork applica 
tions, When the radio LAN is used With these applications, 
users feel that the response is noticeably bad. 

SUMMARY OF THE INVENTION 

[0021] The present invention has been conceived in vieW 
of the foregoing draWbacks, and an object of the present 
invention is to provide a base station apparatus for radio 
communication purposes, a method of controlling commu 
nication across a radiocommunication netWork, a radiocom 
munication netWork system, and radio terminal apparatuses, 
all of Which improve the throughput of a netWork system 
such as a radio LAN. 

[0022] To these ends, according to one aspect of the 
present invention, there is provided a base station apparatus 
for radiocommunication in Which radiocommunication With 
one or more radio terminal apparatuses is established 
according to a frequency hopping scheme, the base station 
apparatus comprising: a search section Which searches for 
another radiocommunication netWork in the vicinity of the 
base station apparatus When the base station apparatus is 
started, When another radiocommunication netWork is 
detected, the searching section obtaining the pattern and 
time of frequency hopping in the radiocommunication net 
Work; and a frequency hopping selection/setting section 
Which selects the pattern obtained by the search section as 
the frequency hopping pattern for the base station apparatus, 
and Which selects, on the basis of the time obtained by the 
search section, timing at Which the frequency hopping based 
on the pattern does not cause frequency interference With 
respect to frequency hopping performed in another radio 
communication netWork, and Which carries out frequency 
hopping of the pattern at the thus-selected timing. 

[0023] The base station apparatus may be provided With a 
timing adjustment section Which, during the course of ordi 
nary operation, adjusts the timing of the frequency hopping 
of the base station apparatus relative to the frequency 
hopping in another communications netWork. 

[0024] According to another aspect of the present inven 
tion, there is provided a method of controlling communica 
tion across a radiocommunication netWork applied to a 
radiocommunication netWork Which comprises one or more 
radio terminal apparatuses and a base station apparatus 
Which establishes communication With the radio terminal 
apparatuses according to a frequency hopping scheme, 
Wherein the base station apparatus searches for another 
radiocommunication netWork in the vicinity of the base 
station apparatus When the base station apparatus is started; 
and When another radiocommunication netWork is detected, 
the base station apparatus obtains the pattern and time of 
frequency hopping in the radiocommunication netWork, 
selects the pattern as the frequency hopping pattern for the 
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base station apparatus, selects, on the basis of the time 
obtained by the search section, timing at Which the fre 
quency hopping based on the pattern does not cause fre 
quency interference With respect to frequency hopping in 
another radiocommunication network, and eXecutes fre 
quency hopping of the pattern at the thus-selected timing. 
The base station apparatus may, during the course of ordi 
nary operation, adjusts the timing of the frequency hopping 
of the base station apparatus relative to the frequency 
hopping performed in another communications netWork. 

[0025] As a result, if another radiocommunication net 
Work is detected in the vicinity of the base station apparatus, 
there is employed a pattern Which is completely the same as 
that of frequency hopping performed in that radiocommu 
nication netWork, and frequency hopping is carried out at a 
timing at Which no frequency interference arises. That is, 
frequency hopping operations having completely the same 
pattern are executed such that an appropriate difference 
(timing difference) is provided. Therefore, it is possible to 
actively avoid frequency interference betWeen the frequency 
hopping of the radiocommunication netWork of the base 
station apparatus and the frequency hopping of another 
radiocommunication netWork. 

[0026] Further, there may be a case Where, due to varia 
tions With time associated With the operation of the radio 
communication netWork over a long period of time, there is 
an increase in the risk of frequency interference as a result 
of a gradual decrease in the timing difference betWeen the 
frequency hopping of the radiocommunication netWork of 
the base station apparatus and the frequency hopping of 
another radiocommunication netWork. The frequency inter 
ference due to such variations With time can be avoided by 
adjusting the timing of the frequency hopping of the base 
station apparatus relative to the frequency hopping of 
another radiocommunication netWork. 

[0027] According to still another aspect of the present 
invention, there is provided a radiocommunication netWork 
system including a plurality of base station apparatuses 
Which have adjacent or overlapping radio areas, and one or 
more radio terminal apparatuses Which establish communi 
cation With any one of the base station apparatuses, Wherein 
each of the base station apparatuses has a load-condition 
transmission section Which sends the state of load on each 
base station apparatus to the radio terminal apparatus in the 
form of a probe response signal When receiving a probe 
signal from the radio terminal apparatus; and the radio 
terminal apparatus has a throughput storage section Which 
stores previously-imparted necessary throughput as infor 
mation; a probe signal transmission section Which sends a 
probe signal to search for a base station apparatus in the 
vicinity of the radio terminal apparatus; and a base station 
apparatus selection section Which selects a base station 
apparatus Whose load state is optimum on the basis of a 
load-state signal having been sent back from the base station 
apparatus in response to the probe signal transmitted from 
the probe signal transmission section as Well as on the basis 
of the throughput stored in the throughput storage section, 
and Which connects the thus-selected base station apparatus 
to the radio terminal apparatus. 

[0028] In this case, if the state of load on the base station 
apparatus connected to the radio terminal apparatus has 
changed to an unsuitable throughput state stored in the 
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throughput storage section, the base station selection section 
may select another base station apparatus Whose load state 
is optimum on the basis of the load-state signal sent back 
from the base station apparatus in response to the probe 
signal transmitted from the probe signal transmission section 
as Well as on the basis of the throughput stored in the 
throughput storage section, and may connect the thus 
selected base station apparatus to the radio terminal appa 
ratus. 

[0029] The radio terminal apparatus of the present inven 
tion establishes communication With any one of a plurality 
of base station apparatuses Which have adjacent or overlap 
ping radio areas. The radio terminal apparatus has a through 
put storage section Which stores previously-imparted nec 
essary throughput as information; a probe signal 
transmission section Which sends a probe signal to search for 
a base station apparatus in the vicinity of the radio terminal 
apparatus; and a base station apparatus selection section 
Which selects a base station apparatus Whose load state is 
optimum on the basis of a load-state signal having been sent 
back from the base station apparatus in response to the probe 
signal transmitted from the probe signal transmission section 
as Well as on the basis of the throughput stored in the 
throughput storage section, and Which connects the thus 
selected base station apparatus to the radio terminal appa 
ratus. 

[0030] In this case, if the state of load on the base station 
apparatus connected to the radio terminal apparatus has 
changed to an unsuitable throughput state stored in the 
throughput storage section, the base station selection section 
may select another base station apparatus Whose load state 
is optimum on the basis of the load-state signal sent back 
from the base station apparatus in response to the probe 
signal transmitted from the probe signal transmission section 
as Well as on the basis of the throughput stored in the 
throughput storage section, and may connect the thus 
selected base station apparatus to the radio terminal appa 
ratus. 

[0031] According to a further aspect of the present inven 
tion, there is provided a method of controlling communica 
tion across a radiocommunication netWork applied to a 
radiocommunication netWork Which comprises a plurality of 
base station apparatuses Which have adjacent or overlapping 
radio areas, and one or more radio terminal apparatuses 
Which establish communication With any one of the base 
station apparatuses, the method comprising the steps of: 
previously imparting necessary throughput to the radio 
terminal apparatus; sending a probe signal from the radio 
terminal apparatus in order to search for a base station 
apparatus in the vicinity of the radio terminal apparatus; 
sending the state of load to the radio terminal apparatus from 
the base station apparatus that received the probe signal; and 
selecting the base station apparatus Whose load state is 
optimum on the basis of a load-state signal having been sent 
back from the base station apparatus as Well as on the basis 
of the throughput previously imparted to the radio terminal 
apparatus, and connecting the thus-selected base station 
apparatus to the radio terminal apparatus. 

[0032] In this case, if the state of load on the base station 
apparatus connected to the radio terminal apparatus has 
changed to a previously-imparted undesirable throughput 
state, the radio terminal apparatus may send a probe signal 
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to a base station apparatus in the vicinity of the radio 
terminal apparatus, and another station apparatus Whose 
load state is optimum may be selected on the basis of the 
load-state signal sent back from the base station apparatus in 
response to the probe signal as Well as on the basis of the 
throughput and connected to the radio terminal apparatus. 

[0033] Accordingly, if a plurality of base station apparatus 
are available to Which the radio terminal apparatus can be 
connected, a base station apparatus capable of providing 
throughput required for that radio terminal apparatus is 
selected from among the base station apparatuses that have 
sent the load-state signals, and the thus-selected base station 
apparatus is connected to the radio terminal apparatus. 

[0034] If the throughput required for the radio terminal 
apparatus has changed, or the state of load on the base 
station apparatus has changed after the commencement of 
practical communication betWeen the radio terminal appa 
ratus and the base station apparatus, the radio terminal 
apparatus can be reconnected to another base station appa 
ratus Whose load state is optimum. 

[0035] The base station apparatus for use in a radiocom 
munication netWork of the present invention establishes 
radio communication With one or more radio terminal appa 
ratuses. The base station apparatus comprises a load state 
detection section for detecting the state of load on a radio 
communication netWork during the course of exchange of 
data betWeen the base station apparatus and the radio 
terminal apparatus, and a modi?cation section for dynami 
cally modifying the maximum back-off time to prevent 
collision betWeen data in accordance With the state of load 
detected by the load state detection section. 

[0036] The base station apparatus for use in a radiocom 
munication netWork of the present invention establishes 
radio communication With one or more radio terminal appa 
ratuses. The base station apparatus comprises a load state 
detection section for detecting the state of load on a radio 
communication netWork during the course of exchange of 
data betWeen the base station apparatus and the radio 
terminal apparatus, and a modi?cation section that deter 
mines Whether to add a control frame When a frame of data 
is transmitted, in order to ensure a period during Which a 
transmission path is occupied, in accordance With the state 
of load detected by the load state detection section, and that 
dynamically modi?es the state of addition of the control 
frame. 

[0037] The base station apparatus for use in a radiocom 
munication netWork of the present invention establishes 
radio communication With one or more radio terminal appa 
ratuses. The base station apparatus comprises a load state 
detection section for detecting the state of load on a radio 
communication netWork during the course of exchange of 
data betWeen the base station apparatus and the radio 
terminal apparatus, and a modi?cation section Which 
dynamically modi?es the maximum length of a packet at the 
time of transmission of a frame in accordance With the state 
of load detected by the load state detection section. 

[0038] A method of controlling communication across a 
radiocommunication netWork of the present invention is 
applied to a radiocommunication netWork Which comprises 
one or more radio terminal apparatuses and a base station 
apparatus that establishes radio communication With the 
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radio terminal apparatuses. The base station apparatus 
detects the state of load on a radiocommunication netWork 
during the course of exchange of data betWeen the base 
station apparatus and the radio terminal apparatus, and 
dynamically changes the maximum back-off time for pre 
venting collision betWeen data in accordance With the thus 
detected state of load. 

[0039] A method of controlling communication across a 
radiocommunication netWork of the present invention is 
applied to a radiocommunication netWork Which comprises 
one or more radio terminal apparatuses, and a base station 
apparatus that establishes radio communication With the 
radio terminal apparatuses. The base station apparatus 
detects the state of load on a radiocommunication netWork 
during the course of exchange of data betWeen the base 
station apparatus and the radio terminal apparatus. In order 
to ensure the period during Which a transmission path is 
occupied, the base station apparatus determines Whether to 
add a control frame to a frame of data to be transmitted, in 
accordance With the thus-detected state of load. The base 
station dynamically modi?es the state of addition of the 
control frame. 

[0040] A method of controlling communication across a 
radiocommunication netWork of the present invention is 
applied to a radiocommunication netWork Which comprises 
one or more radio terminal apparatuses and a base station 
apparatus that establishes radio communication With the 
radio terminal apparatuses. The base station apparatus 
detects the state of load on a radiocommunication netWork 
during the course of exchange of data betWeen the base 
station apparatus and the radio terminal apparatus, and 
dynamically modi?es the maximum length of a packet at the 
time of transmission of a frame in accordance With the 
thus-detected state of load. 

[0041] By virtue of these methods, the state of load 
betWeen the base station apparatus and the radio terminal 
apparatus during the course of exchange of data is moni 
tored, and the maximum back-off time, the state of addition 
of a control frame, and the maximum length of a packet are 
dynamically modi?ed. Therefore, the ef?cient exchange of 
data according to the state of load becomes feasible. 

[0042] In this Way, the folloWing effects and advantages 
can be obtained by the base station apparatus for a radio 
communication netWork, the method of controlling commu 
nication across the radiocommunication netWork, the radio 
communication netWork system, and the radio terminal 
apparatuses. 

[0043] (1) If another radiocommunication netWork is 
detected in the vicinity of the base station apparatus, fre 
quency hopping having a pattern Which is completely the 
same as that of frequency hopping in the thus-detected 
radiocommunication netWork is carried out such that an 
appropriate difference (timing difference) is produced 
betWeen the frequency hopping of the base station apparatus 
and the frequency hopping in another radiocommunication 
netWork. Therefore, it is possible to actively avoid frequency 
interference betWeen the frequency hopping of the radio 
communication netWork of the base station apparatus and 
the frequency hopping of another radiocommunication net 
Work. As a result, there can be ensured prevention of a 
reduction in throughput Which Would otherWise be caused 
by frequency interference. 
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[0044] (2) Since the timing of frequency hopping of the 
radiocommunication network can be adjusted With respect to 
the frequency hopping of another radiocommunication net 
Work during the course of ordinary operation, it is possible 
to ensure prevention of frequency interference Which Would 
otherWise be caused by a reduction in the timing difference 
betWeen the frequency hopping of the radiocommunication 
netWork of the base station apparatus and the frequency 
hopping of another radiocommunication netWork. 

[0045] (3) If there are a plurality of base station appara 
tuses to Which the radio terminal apparatus can be con 
nected, a base station apparatus capable of providing 
throughput required for that radio terminal apparatus is 
selected from among the base station apparatuses that have 
sent the load-state signals, and the thus-selected base station 
apparatus can be connected to the radio terminal apparatus. 
As a result, the required throughput can be ensured, and the 
throughput of the overall radiocommunication netWork can 
be signi?cantly improved. 

[0046] (4) If the throughput required for the radio terminal 
apparatus has changed, or the state of load on the base 
station apparatus has changed after the commencement of 
practical communication betWeen the radio terminal appa 
ratus and the base station apparatus, the radio terminal 
apparatus can be reconnected to another base station appa 
ratus Whose load state is optimum. As a result, the radio 
communication netWork system can be ef?ciently operated 
at all times in consideration of the throughput of the overall 
radiocommunication netWork. 

[0047] (5) The state of load betWeen the base station 
apparatus and the radio terminal apparatus during the course 
of exchange of data is monitored, and the maximum back-off 
time, the state of addition of a control frame, and the 
maximum length of a packet are dynamically modi?ed. 
Therefore, the ef?cient exchange of data according to the 
state of load becomes feasible. As a result, the throughput of 
the radiocommunication netWork in operation can be maxi 
miZed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0048] FIG. 1 is a block diagram illustrating the func 
tional structure of a base station apparatus (a radio base 
station) for use in a radiocommunication netWork according 
to one embodiment of the present invention; 

[0049] FIG. 2 is a block diagram illustrating the func 
tional structure of a radio terminal (a terminal station) 
according to the embodiment; 

[0050] FIG. 3 is a block diagram illustrating a plurality of 
radio LANs having overlapping radio areas; 

[0051] FIG. 4 is a block diagram illustrating the hardWare 
con?guration of the radio base station according to the 
embodiment; 

[0052] FIG. 5 is a block diagram illustrating the hardWare 
con?guration of a radio LAN card (a radio communication 
section of the radio base station and the terminal station) 
according to the embodiment; 

[0053] FIG. 6 is a ?oWchart for illustrating the operation 
of the radio base station (the determination of a hopping 
pattern/timing) according to the present embodiment; 
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[0054] FIG. 7 is a ?oWchart for illustrating the operation 
of the radio base station (the correction of timing of fre 
quency hopping) according to the embodiment; 

[0055] FIG. 8 is a ?oWchart for illustrating the operation 
of the terminal station (the selection of a radio base station) 
according to the embodiment; 

[0056] FIG. 9 is a ?oWchart for illustrating the operation 
of the radio base station (the changing of the value of a 
contention WindoW according to the embodiment; 

[0057] FIG. 10 is a ?oWchart for illustrating the operation 
of the radio base station (the addition of RTS/CTS and the 
changing of the maximum length of a packet) according to 
the embodiment; 

[0058] FIG. 11 is a schematic representation illustrating 
the operation of the radio base station (the criterion of 
addition of RTS/CTS) according to the embodiment; 

[0059] FIG. 12 is a block diagram illustrating a commu 
nications system to Which a radio LAN is applied; 

[0060] FIG. 13 is a diagram for explaining a spread 
spectrum scheme; and 

[0061] FIG. 14 is a block diagram illustrating an example 
of a plurality of radio LAN s having overlapping radio areas. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0062] With reference to the accompanying draWings, a 
preferred embodiment of the present invention Will be 
described. 

[0063] With reference to FIG. 3, the construction of a 
radio LAN (a radiocommunication netWork system) to 
Which the embodiment of the present invention is applied 
Will be described. 

[0064] FIG. 3 is a block diagram illustrating a plurality of 
radio LANs (radio communications netWorks) Which have 
overlapping radio areas 3. In the example illustrated in FIG. 
3, three radio base stations (base station apparatuses for the 
radiocommunication netWork) connected to a cable netWork 
4 constitute radio LANs 10, respectively. 

[0065] Each of the radio LANs 10 is a system for con 
necting a plurality of terminal stations (radio terminals) 2 to 
the netWork Without a cable. The radio base station 1 
controls the plurality of terminal station 2 existing in each 
radio area 3 by periodically broadcasting a synchroniZation 
frame signal called a beacon signal in the radio area 3. In 
short, the range to Which the synchroniZation frame signal 
from each radio base station 1 propagates can be de?ned as 
the radio area 3 of each radio LAN 10. 

[0066] Accordingly, the terminal station 2 in the radio area 
3 are capable of establishing communication With a cable 
terminal 5 connected to the cable netWork 4 or With another 
terminal station 2 existing in the radio area 3 via the radio 
base station 1. Each of the terminal station 2 is constituted 
in the form of a mobile terminal apparatus for data com 
munication Which establishes communication through use 
of, e.g., a personal computer. 

[0067] For example, the foregoing radio base station 1 has 
the hardWare con?guration illustrated in FIG. 4. Speci? 
cally, as shoWn in FIG. 4, the radio base station 1 is 
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comprised of an MPU (Microprocessor Unit) 21, a PCMCIA 
(Personal Computer Memory Card International Associa 
tion) controller 22, a LAN controller 24, an SRAM 25, a 
FLASH ROM 26, a DRAM 27, and an EPROM 28, all of 
Which are connected together through a bus 29. 

[0068] The MPU 21 controls each of the constituent 
elements connected thereto over the bus 29 and manages the 
terminal station 2 under control of the radio base station 1 
(i.e., the terminal station 2 Which eXist in the radio area 3 and 
are connected to the radio base station 1). 

[0069] The PCMCIA controller 22 is connected to a radio 
LAN card 23 Which functions as a radiocommunication 
section and controls this radio LAN card 23. The radio LAN 
card 23 has a hardWare con?guration to be described later 
With reference to FIG. 5. The terminal station 2 is provided 
With a radio LAN card 23A (see FIG. 5) having the same 
con?guration as a radiocommunication section. 

[0070] The LAN controller 24 is connected to the cable 
netWork 4 and functions as an interface betWeen the cable 
netWork 4 and the radio base station 1. 

[0071] The SRAM 25, the FLASH ROM 26, the DRAM 
27, and the EPROM 28 hold programs, data used for 
eXecuting the programs (e.g., information on the connection 
betWeen the radio base station 1 and the terminal station 2, 
and control information related to the terminal station 2), 
and communication data, and constitute a storage section 20. 

[0072] In contrast, the terminal station 2 is formed by 
connecting the radio LAN card 23A (see FIG. 5) Which is 
in compliance With the PCMCIA standard to, e. g., a personal 
computer. Data are eXchanged betWeen the terminal 2 and 
the radio base station 1 by means of the radio LAN card 
23A. The radio base station 1 eXchanges data With the 
terminal station 2 by means of the foregoing radio LAN card 
23 (see FIG. 4). 

[0073] The radio LAN cards 23, 23A (the radiocommu 
nication sections of the radio base stations 1 and the terminal 
station 2) have, e.g., the hardWare con?guration as illus 
trated in FIG. 5. Each of the radio LAN cards 23, 23A is 
comprised of a PCMCIA interface 31, an MPU 32, a FLASH 
ROM 33, a DRAM 34, LSIs 35 and 36, a transmission/ 
reception section 37, and an antenna 38. 

[0074] The PCMCIA interface 31, the MPU 32, the 
FLASH ROM 33, the DRAM 34, and the LSI 35 are 
connected together over the bus 30. The transmission/ 
reception section 37 having the antenna 38 is connected to 
the LSI 35 through the LSI 36. 

[0075] The PCMCIA interface 31 eXchanges data and 
signals With a processing section (the PCMCIA controller 22 
of the radio base station 1 or an unillustrated processing 
section, such as a CPU, of the terminal station 2) connected 
to the radio LAN card 23, 23A. 

[0076] The MPU 32 totally controls the radio LAN card 
23, 23A via the bus 30. The FLASH ROM 33 stores 
programs, and the DRAM 34 stores data used for executing 
the programs, and communication data. 

[0077] The LSI 35 connected to the bus 30 is comprised of 
a MAC (Media Access Control) section 35a, a timer 35b, a 
serial interface 35c, and a ?rst physical layer (PHY) control 
section 35d. The MAC section 35a controls the order in 
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Which data are transmitted over a radio circuit. The ?rst 
physical layer control section 35d functions as a physical 
layer interface Which converts a signal to be transmitted or 
a received signal through serial/parallel conversion. 

[0078] The LSI 36 functions as a second physical layer 
control section (PHY control section) 36a, Which in turn 
functions as a physical layer interface Which converts the 
frequencies of a signal to be transmitted and a received 
signal. 

[0079] The transmission/reception section 37 connected to 
the LSI 36 receives and transmits radio signals via the 
antenna 38. 

[0080] In the radio base station 1 and the terminal station 
2 of the present embodiment, the functional structures as 
illustrated in FIGS. 1 and 2 are implemented by the 
foregoing hardWare con?guration. 

[0081] First, With reference to FIG. 1, the functional 
structure of the radio base station 1 of the present embodi 
ment Will be described. 

[0082] As illustrated in FIG. 1, the radio base station 1 of 
the present embodiment is comprised of a frequency hop 
ping control section 50, a synchroniZation frame signal 
transmission section 51, a data transmission section 52, a 
data reception section 53, an acknowledgment signal trans 
mission/reception section 54, an RTS frame transmission/ 
reception section 55, a CTS frame transmission/reception 
section 56, a probe signal transmission section 57, a probe 
response signal reception section 58, a synchroniZation 
frame signal reception section 59, a probe signal reception 
section 60, a probe response signal transmission section 61, 
a load state setting section 62, a byte counter 63 for counting 
the number of bytes to be transmitted or received bytes, a 
retransmission counter 64, a terminal retransmission counter 
65, a mean data frame length counter 66, a CW (contention 
WindoW) value setting section 67, and an RTS/CTS frame 
addition and maXimum packet length setting section 68 
(hereinafter referred to as an RTS/CTS-addition-and-packet 
length-setting section). 

[0083] The synchroniZation frame signal transmission sec 
tion 51 periodically broadcasts a synchroniZation frame 
signal called a beacon signal in the radio area 3 so as to 
control the terminal station 2 existing in the radio area 3 of 
the radio base station 1. Various items of control information 
set by the radio base station 1 are transmitted to each of the 
terminal station 2 by means of the synchroniZation frame 
signal. 

[0084] The data transmission section 52 transmits data to 
the terminal station 2, and the data reception section 53 
receives data from the terminal station 2. 

[0085] The acknowledgment (ACK) signal transmission/ 
reception section 54 transmits or receives an acknowledg 
ment (ACK) signal. When the data reception section 53 has 
?nished receiving data from the terminal station 2, the ACK 
signal transmission/reception section 54 sends an ACK 
signal to the terminal station 2 that has transmitted the data. 
In contrast, When the data transmission section 52 has 
transmitted data to the terminal station 2, the ACK signal 
transmission/reception section 54 receives an ACK signal 
from the terminal station 2 that has received the data. 




















