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(57) ABSTRACT 

A concentrator (11) coupled to a wired network (13) also 
acts as a master device relative to each of a plurality of ad 
hoc wireless communication networks (15), thereby permit 
ting wireless communication devices in the ad hoc networks 
to access the wired network. The concentrator utilizes 
antenna array processing and beamforming techniques when 
communicating with the devices of the various networks, in 
order to advantageously reduce communication interference 
between the networks. 
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CONCENTRATOR FOR COUPLING LOCAL 
WIRELESS NETWORKS TO A WIRED NETWORK 

[0001] This application claims the priority under 35 
USC 119(e)(1) of copending US. provisional application 
No. 60/185,783, ?led on Feb. 29, 2000. 

FIELD OF THE INVENTION 

[0002] The invention relates generally to Wireless com 
munications and, more particularly, to the connection of 
local Wireless communication netWorks to a Wired netWork. 

BACKGROUND OF THE INVENTION 

[0003] Present telecommunication system technology 
includes a Wide variety of Wireless networking systems 
associated With both voice and data communications. An 
overvieW of several of these Wireless netWorking systems is 
presented by Amitava Dutta-Roy, Communications Net 
works for Homes, IEEE Spectrum, pg. 26, December 1999. 
Therein, Dutta-Roy discusses several communication pro 
tocols in the 2.4 GHZ band, including IEEE 802.11 direct 
sequence spread spectrum (DSSS) and frequency-hopping 
(FHSS) protocols. A disadvantage of these protocols is the 
high overhead associated With their implementation. A less 
complex Wireless protocol knoWn as Shared Wireless Access 
Protocol (SWAP) also operates in the 2.4 GHZ band. This 
protocol has been developed by the HomeRF Working 
Group and is supported by North American communications 
companies. The SWAP protocol uses frequency-hopping 
spread spectrum technology to produce a data rate of 1 
Mb/sec. Another less complex protocol is named Bluetooth 
after a 10th century Scandinavian king Who united several 
Danish kingdoms. This protocol also operates in the 2.4 GHZ 
band and advantageously offers short-range Wireless com 
munication betWeen Bluetooth devices Without the need for 
a central netWork. 

[0004] The Bluetooth protocol provides a 1 Mb/sec data 
rate With loW energy consumption for battery poWered 
devices operating in the 2.4 GHZ ISM (industrial, scienti?c, 
medical) band. The current Bluetooth protocol provides a 
10-meter range and a maximum asymmetric data transfer 
rate of 723 kb/sec. The protocol supports a maximum of 
three voice channels for synchronous, CVSD-encoded trans 
mission at 64 kb/sec. The Bluetooth protocol treats all radios 
as peer units except for a unique 48-bit address. At the start 
of any connection, the initiating unit is a temporary master. 
This temporary assignment, hoWever, may change after 
initial communications are established. Each master may 
have active connections of up to seven slaves. Such a 
connection betWeen a master and one or more slaves forms 

a “piconet.” Link management alloWs communication 
betWeen piconets, thereby forming “scattemets.” Typical 
Bluetooth master devices include cordless phone base sta 
tions, local area netWork (LAN) access points, laptop com 
puters, or bridges to other netWorks. Bluetooth slave devices 
may include cordless handsets, cell phones, headsets, per 
sonal digital assistants, digital cameras, or computer periph 
erals such as printers, scanners, fax machines and other 
devices. 

[0005] The Bluetooth protocol uses time-division duplex 
(TDD) to support bi-directional communication. Frequency 
hopping permits operation in noisy environments and per 
mits multiple piconets to exist in close proximity. The 
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frequency hopping scheme permits up to 1600 hops per 
second over 79 1-MHZ channels or the entire 2.4 GHZ ISM 
spectrum. Various error correcting schemes permit data 
packet protection by 1/3 and Z/3 rate forWard error correction. 
Further, Bluetooth uses retransmission of packets for guar 
anteed reliability. These schemes help correct data errors, 
but at the expense of throughput. 

[0006] The Bluetooth protocol is speci?ed in detail in 
Speci?cation of the Bluetooth System, Version 1.0A, Jul. 26, 
1999, Which is incorporated herein by reference. 

[0007] In some knoWn communication systems, a plurality 
of Bluetooth devices, for example a plurality of Bluetooth 
master devices, are utiliZed to provide to their respective 
Bluetooth piconets Wireless access to a Wired netWork, for 
example a LAN. In such knoWn systems, each of the 
Bluetooth master devices is Wireline-coupled to the Wired 
netWork. HoWever, in areas Where there is a high concen 
tration of piconets, for example a large conference room or 
a cubicle farm, Wireless communications Within a given 
piconet can disadvantageously interfere With Wireless com 
munications in one or more neighboring piconets. Such 
interference disadvantageously prevents full utiliZation of 
the aggregate communication capacity provided by the 
concentrated plurality of piconets. 

[0008] It is therefore desirable to provide improved utili 
Zation of the aggregate communication capacity provided by 
a concentrated plurality of local Wireless communication 
netWorks, for example Bluetooth piconets. 

[0009] According to the invention, a concentrator coupled 
to a Wired netWork also acts as a master device relative to 
each of a plurality of ad hoc Wireless communication 
netWorks, thereby permitting Wireless communication 
devices in the ad hoc netWorks to access the Wired netWork. 
The concentrator utiliZes antenna array processing and 
beamforming techniques When communicating With the 
devices of the various ad hoc netWorks. This advantageously 
reduces communication interference betWeen the ad hoc 
netWorks, thereby increasing the utiliZation of the aggregate 
communication capacity provided by the ad hoc netWorks 
and decreasing poWer requirements for the devices in the ad 
hoc netWorks. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 diagrammatically illustrates pertinent por 
tions of a communication system according to the invention. 

[0011] FIG. 2 diagrammatically illustrates pertinent por 
tions of exemplary embodiments of the concentrator of FIG. 
1. 

[0012] FIG. 3 diagrammatically illustrates exemplary 
communications Which can be controlled by the antenna 
array processor 21 of FIG. 2. 

[0013] FIG. 4 diagrammatically illustrates pertinent por 
tions of further exemplary embodiments of the concentrator 
of FIG. 1. 

[0014] FIG. 5 diagrammatically illustrates pertinent por 
tions of further exemplary embodiments of the concentrator 
of FIG. 1. 

[0015] FIG. 6 diagrammatically illustrates an exemplary 
deployment of a plurality of concentrators according to the 
invention. 
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[0016] FIG. 7 illustrates exemplary operations Which can 
be performed by concentrators according to the invention. 

[0017] FIG. 8 illustrates exemplary operations Which can 
be performed by concentrators according to the invention. 

[0018] FIG. 9 illustrates exemplary operations Which can 
be performed by concentrators according to the invention. 

[0019] FIG. 10 illustrates exemplary operations Which can 
be performed by concentrators according to the invention. 

[0020] FIG. 11 illustrates exemplary operations Which can 
be performed in connection With the exemplary concentrator 
arrangement of FIG. 6. 

DETAILED DESCRIPTION 

[0021] FIG. 1 diagrammatically illustrates a communica 
tion system according to the present invention. The system 
of FIG. 1 includes a concentrator 11 connectable at 18 to a 

poWer supply main (such as an AC poWer supply main). The 
concentrator 11 includes an antenna array With a plurality of 
antennas 14 Which communicate With a plurality of local 
Wireless communication netWorks 15 via Wireless commu 
nication links illustrated generally at 19. The concentrator 11 
also has a communication port connected to a Wired netWork 
13 (e.g., ethernet) via a Wireline connection 17, and the 
concentrator can have its oWn address in netWork 13. The 
concentrator 11 can communicate bidirectionally With the 
netWork 13 via the communication port and Wireline con 
nection 17, and can also communicate bidirectionally With 
the local Wireless communication netWorks 15 via the Wire 
less communication links 19, thereby permitting Wireless 
communication devices in the netWorks 15 to access the 
Wired netWork 13. 

[0022] In some exemplary embodiments of the invention, 
the local Wireless communication netWorks 15 can be con 
ventional Bluetooth piconets and the Wireless communica 
tion links at 19 can be conventional Bluetooth radio links. 
The piconets at 15 can each include ad hoc collections of 
Bluetooth slave devices, While the concentrator 11 functions 
as the Bluetooth master device for each of the ad hoc 
piconets at 15. In general, each slave device in a Bluetooth 
piconet transmits only after receiving a transmission from 
the master device, and the master device transmits to each 
slave device on a periodic basis. 

[0023] FIG. 2 diagrammatically illustrates pertinent por 
tions of exemplary embodiments of the concentrator 11 of 
FIG. 1. In FIG. 2, the antennas 14 are coupled to an antenna 
array processor 21 by respective RF front end sections 24, 
for example conventional Bluetooth RF front end sections, 
or any RF front end sections capable of converting betWeen 
an RF frequency and a suitable IF frequency. The antenna 
array processor 21 is also coupled at 28 to a netWork 
interface 22 Which can use conventional techniques to 
interface betWeen the communication signals of the antenna 
array processor 21 and the communication signals of the 
Wired netWork 13. The antenna array processor 21 is also 
coupled to a Wireless communication interface controller 23. 
The controller 23 maintains therein information such as the 
members of the various piconets 15, and the frequency/time 
slot combinations associated With communications to and 
from the members of the various piconets. In Bluetooth 
embodiments, the controller 23 can also cooperate With the 
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antenna array processor 21 to implement the master behav 
ior exhibited by the concentrator 11 in each of the piconets 
15. 

[0024] The antenna array processor 21 can utiliZe conven 
tional antenna array processing and beamforming 
techniques to control the antennas 14 appropriately for 
communication With the netWorks 15 (see also FIG. 1) so as 
to avoid interference betWeen communications involving 
Wireless communication devices in respective netWorks 15, 
for example, netWorks Which neighbor one another. 

[0025] FIG. 3 diagrammatically illustrates an example of 
hoW the antenna array processor 21 of FIG. 2 can use AA 
processing to avoid interference betWeen communications 
With devices A and B in respective neighboring netWorks 15. 
Assuming, for purposes of example, that respective com 
munications are to be transmitted to (or received from) 
Wireless communication devices A and B on the same 
frequency, call it f1, and during the same time slot. Referring 
also to FIG. 2, the controller 23 can communicate such a 
timing and frequency con?ict to the antenna array processor 
21, Which can then utiliZe the antennas 14 in the exemplary 
manner illustrated in FIG. 3. 

[0026] Based on earlier transmissions received by the 
various antennas 14 from the devices A and B on the 
con?icting frequency f1 (and possibly on other neighboring 
frequencies), the antenna array processor 21 uses conven 
tional techniques to evaluate the frequency f1 channels from 
each of the antennas 14 to each of the devices A and B. 
Based on this channel quality information for frequency f1, 
the antenna array processor 21 uses conventional AA pro 
cessing and beamforming techniques to transmit to (or 
receive from) device A the desired communication using a 
group of the antennas 14. Similarly, the antenna array 
processor 21 uses conventional AA processing and beam 
forming techniques to transmit to (or receive from) device B 
the desired communication using a group of the antennas 14. 
In this example, the antenna group used for device B is the 
same as used for device A, but the groups selected by the 
antenna array processor 21 for devices A and B can differ as 
conditions require. 

[0027] The AA processing and associated beamforming 
advantageously causes those communication signals 
directed to device A to be coherently combined at device A 
and substantially cancelled or nulled at device B, and causes 
the communication signals directed to device B to be 
coherently combined at device B and substantially cancelled 
or nulled at device A. Because of the above-described 
coherent combination and signal cancellation, interference 
betWeen the communication directed to device A and the 
communication directed to device B can be substantially 
eliminated, despite the fact that both devices receive their 
respective communications on the same frequency during 
the same time slot. In Bluetooth embodiments, the concen 
trator, as master of all piconets, receives transmissions from 
each piconet member periodically, thus advantageously 
facilitating the frequency channel quality evaluations. Any 
given slave device can also make frequency channel quality 
measurements on transmissions that it receives from the 
concentrator, and can report these measurements to the 
concentrator. Due to reciprocity in the channel, these mea 
surements made by the slave device can be used by the 
concentrator to improve the concentrator’s transmit and 
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receive performance. Exemplary conventionally available 
indicators of frequency channel quality include SNR, R551 
and Bluetooth sync Word correlation values. These indica 
tors can, for example, be used to determine Weighting 
vectors for the antenna beamforming operations. 

[0028] For communications received from devices A and 
B on frequency f1 during the same time slot, AAprocessing 
and beamforming similarly permit the concentrator 11 to use 
groups of the antennas 14 to effectively separate the respec 
tive signals received from devices A and B. 

[0029] In some embodiments, some or all of the RF 
sections 24 can be Wideband RF sections, each capable of 
transmitting/receiving on more than one frequency simulta 
neously. If, for example, during a given time slot, the 
concentrator is scheduled to transmit to (or receive from) 
devices A and B (see FIG. 3) on frequency f1 While also 
using another frequency f2 to transmit to (or receive from) 
a third device in a third netWork 15 (not speci?cally shoWn 
in FIG. 3), the antenna array processor 21 can apply AA 
processing and beamforming techniques With respect to any 
antennas 14 Which have Wideband RF sections, such that 
these antennas can advantageously transmit (or receive) on 
both frequency f1 and f2. Such use of Wideband RF sections 
and their corresponding antennas advantageously permits 
each remote device to communicate With all of the Wideband 
RF sections, Which maximiZes the antenna gain seen by the 
remote devices. This maximiZed antenna gain permits the 
remote devices to transmit at a loWer poWer level. This loWer 
poWer level can extend the battery life of the remote devices, 
and also makes the remote devices less of an interferer With, 
for example, IEEE 802.11 or other 2.4 GHZ band equipment. 
The use of multiple Wideband RF sections to transmit from 
the concentrator provides improved antenna gain in the 
beamforming operation, thereby requiring less transmit 
poWer. Therefore, the concentrator’s transmission is less of 
an interferer With other piconets or other 2.4 GHZ band 
equipment. 

[0030] FIG. 4 diagrammatically illustrates further exem 
plary embodiments of the concentrator 11 of FIG. 1. 
According to FIG. 4, a receive (RX) enhancer 41 is inserted 
into the communication link 28 betWeen the antenna array 
processor 21 and the netWork interface 22 (see also FIG. 2). 
The enhancer 41 can signi?cantly decrease the required 
receive Eb/No (signal-to-noise ratio), thereby advanta 
geously permitting increased receive range from the devices 
A, B, C and D in the netWorks 15 (see also FIG. 3). In some 
embodiments, the enhancer 41 can be a conventional deci 
sion feedback equaliZer (DFE) apparatus. In other embodi 
ments, the enhancer 41 can be a multi-user detector Which 
employs conventional multi-user detection (MUD) tech 
niques. The use of multi-user detection can, for example, aid 
in separating signals received from devices A and B on the 
same frequency at the same time, and can reduce the number 
of dropped packets in Bluetooth communications. A multi 
user detector is also useful for suppressing signals that the 
concentrator 11 is not directly interested in, for example, 
unWanted IEEE 802.11 signals that exist in the same band 
Width as Wanted Bluetooth signals. 

[0031] Due to the aforementioned increased receive range 
from the devices A-D, some embodiments of the concen 
trator 11 use an increased level of transmission poWer in 
order to increase the transmit range to devices A-D. Because 
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the concentrator 11 can be plugged into the poWer supply 
main at 18 (see FIG. 1), an increased transmission poWer 
level is easily accommodated. As one example, the Blue 
tooth speci?cation requires a maximum poWer of 100 mW, 
Which is Well beloW the maximum alloWed FCC poWer of 1 
W. This means that, for example, a tWo-fold transmission 
range increase (e.g., to match the receive range increase 
provided by the enhancer 41), is easily achievable Within 
FCC regulations. 

[0032] FIG. 5 diagrammatically illustrates further exem 
plary embodiments of the concentrator 11. According to 
FIG. 5, a traffic manager 51 can be coupled for bidirectional 
communication With the antenna array processor 21 and the 
Wireless communication interface controller 23 (see also 
FIG. 2). The traf?c manager 51 can also be coupled for 
bidirectional communication With one or more additional 

concentrators designated as C2 and C3 in FIG. 5, and/or can 
be coupled for bidirectional communication With a central 
concentrator controller designated at 61 in FIG. 5. The 
traffic manager 51 can monitor the communication traf?c in 
the concentrator and, if the monitored traf?c is considered to 
be undesirably high, the traf?c manager 51 can communicate 
With one or more neighboring concentrators (for example C2 
or C3) to negotiate a hand-off of some devices to that 
neighboring concentrator. In addition, or alternatively, traf?c 
information compiled by the traf?c manager 51 can be 
provided to a central concentrator controller 61 and, When 
the traf?c is considered to be undesirably high, the central 
controller 61 can negotiate for hand-off to one or more 
neighboring concentrators. 

[0033] The above-described features of FIGS. 4 and 5 can 
be used together or separately in exemplary concentrator 
embodiments. 

[0034] FIG. 6 diagrammatically illustrates an example of 
a plurality of concentrators C1-C3 and their respective 
coverage areas 62-64, Which overlap With one another. For 
example, the concentrators C1-C3 can be deployed on one 
or more ?oors of a factory or of?ce building. If concentrator 
C1 becomes too highly loaded With users operating in its 
coverage area 62, it can communicate With one or both of 
concentrators C2 and C3, either directly or via the central 
controller 61, and can, for example, hand-off to C2 and/or 
C3 some or all users in the associated coverage overlap 
areas, assuming C2 and/or C3 have available capacity. 

[0035] Traf?c loading information relative to the concen 
trators C1-C3 can also be used to determine Whether any of 
the concentrators needs to be upgraded or doWngraded 
according to the traf?c load. This determination can be made 
by the concentrator itself, or by the central controller 61. For 
example, a high traf?c load might indicate that the concen 
trator needs to be replaced by a more poWerful concentrator 
having a higher traf?c capacity, and an abnormally loW 
traffic load might indicate that the concentrator can be 
replaced by a concentrator having a loWer traf?c capacity. In 
some instances, a high capacity concentrator currently oper 
ating in a loW traf?c area could be sWapped With a loW 
capacity concentrator currently operating in a high traf?c 
area. 

[0036] FIG. 7 illustrates exemplary operations Which can 
be performed by the concentrator 11 according to the present 
invention. At 71 and 72, communications are received from 
various devices operating in the local Wireless netWorks, and 
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channel information, such as frequency channel quality, is 
derived from the received communications. After obtaining 
information about the timing and frequencies of future 
communications to the various devices at 73, AAprocessing 
is used at 74 to determine the transmit/receive (TX/RX) 
beamforming that should be used by the antenna array for 
the future communications, based on the channel informa 
tion and the timing/frequency information. Thus, for 
example, When devices in neighboring piconets are sched 
uled to transmit or receive at the same time on the same 
frequency, the AA processing can use the pertinent fre 
quency channel quality information to determine hoW the 
antenna array should be used to reduce the interference 
betWeen the tWo communications. At 75, the transmit/ 
receive beamforming is used to perform the future commu 
nications Which Were identi?ed at 73. 

[0037] FIG. 8 illustrates exemplary operations Which can 
be performed by the concentrator 11 When a neW user enters 
its coverage area. After a neW user is detected at 81, it is 
determined at 82 Whether, for example, the neW user is a 
master of its oWn Bluetooth piconet, for example a laptop 
computer. If not, it is then determined at 85 Whether the neW 
user is a high traffic user. If so, the high traffic user can be 
assigned to an empty netWork 15 (see also FIGS. 1 and 3). 
If the user is not a high traffic user at 85, then the user can 
be assigned at 86 to an existing netWork 15 Which has a 
relatively low traffic load. 

[0038] If it is determined at 82 that the neW user is a master 
device (also referred to herein as a visiting master), then at 
83 the concentrator logs in With the visiting master as a slave 
to the visiting master. After logging in as a slave at 83, the 
concentrator at 84 tells the visiting master to act as a slave 
While in the concentrator’s coverage area. Thus, the con 
centrator becomes the master of the visiting master’s pico 
net. Thereafter, the aforementioned operations at 85-87 can 
be performed With respect to the visiting master. The opera 
tional logic described above With respect to FIG. 8 can be 
controlled and driven, for example, by the Wireless commu 
nication interface controller 23 of FIG. 2. 

[0039] FIG. 9 illustrates further exemplary operations 
Which can performed by the arrangement of FIG. 6. If it is 
determined at 91 that the traffic in a particular concentrator 
exceeds a threshold level THR, then the traffic load can be 
negotiated With one or more neighboring concentrators at 
92. Thereafter at 93, users in one or more of the overlapping 
coverage areas associated With the neighboring concentra 
tors can (if possible) be handed-off from the high traffic 
concentrator to the neighboring concentrator(s). 

[0040] FIG. 10 illustrates further exemplary operations 
Which can be performed by the concentrator 11. At 101, the 
concentrator transmits to one or more devices at a poWer 

level Which exceeds the poWer limits of the applicable 
standard, for example the Bluetooth standard. At 102, a reply 
to the over-poWer transmission is received and, at 103, 
multi-user detection techniques or decision feedback equal 
iZation techniques can be applied to the reply in order to 
effectively enhance the receive range to correspond to the 
enhanced transmit range achieved by the over-poWer trans 
mission at 101. 

[0041] FIG. 11 illustrates exemplary operations Which can 
be performed in conjunction With the arrangement of FIG. 
6. At 111, the traffic in the concentrators is monitored. If it 
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is determined at 112 that the traffic in any concentrator 
exceeds a threshold THRH, then the overloaded concentra 
tor(s) can be upgraded (e.g., replaced by a higher capacity 
concentrator) at 113. On the other hand, if none of the 
concentrators has a traffic level above the threshold at 112, 
it is determined at 114 Whether any of the concentrators has 
a traffic load that is loWer than a threshold THRL. If so, then 
the underloaded concentrator(s) can be doWngraded (e.g., 
replaced by a loWer capacity concentrator) at 115. 

[0042] A concentrator according to the invention can be 
used, for example When there are M users in a single room, 
for example a conference room. The concentrator can divide 
the M users into N separate netWorks (e.g., Bluetooth 
piconets) Where N is less than or equal to M. The users in 
each of the netWorks Will be unaWare of the other netWorks 
and, due to the AA processing and beamforming of the 
concentrator, Will avoid interference from the users in the 
other netWorks. In both a physical layer and a protocol layer 
sense, each of the netWorks Will function as though it Were 
the only netWork in the room. Thus, each of the netWorks can 
operate at a capacity close to the maximum capacity avail 
able to a single netWork. For example, in a Bluetooth 
system, the throughput provided by the concentrator Would 
be approximately equal to N times the Bluetooth maximum 
capacity. 

[0043] In another exemplary use of concentrators accord 
ing to the invention, consider a cubicle farm. In this 
example, each cubicle can be considered as one of the 
netWorks 15 in FIG. 1, in order to alloW the mouse, PC, 
monitor, etc. to be connected. If a given cubicle has high 
traffic, the concentrator can split that cubicle into tWo 
netWorks, for example by assigning a neW (empty) netWork 
as the second netWork for that cubicle. High traf?c devices, 
for example printers, may be placed in a netWork by 
themselves. Devices Wandering into and out of the concen 
trator’s coverage area can be assigned to the netWork With 
the loWest observed traffic. The concentrator’s access to 
traffic information from all of the netWorks in its coverage 
area permits the concentrator to manage the netWork loading 
ef?ciently. 

[0044] Thus, use of a concentrator according to the inven 
tion can delay the implementation of a true Wireless LAN in 
favor of, for example, a Bluetooth-based netWork, by pro 
viding suf?cient overall capacity and loWer latency. A Blue 
tooth netWork is preferred under these conditions, because 
all devices Will be immediately enabled for it (hence, apart 
from the concentrator, the cost is Zero), and a neW or 
temporary device (such as a laptop or cellular telephone of 
a visitor) can immediately join the netWork for information 
transfer. By thusly coordinating the devices Within its cov 
erage area, the concentrator acts like a cellular base station 
Which coordinates the devices Within its cell. It is also 
possible for tWo neighboring concentrators to communicate 
such that a device in, for example, the overlapping coverage 
areas of FIG. 6, can obtain a diversity advantage by com 
municating With both of the neighboring concentrators. 

[0045] Concentrators according to the invention can be 
provided in all shapes and siZes. For example, a simple 
concentrator according to the invention can be a modi?ed 
Bluetooth device connected to a Wired LAN. The number of 
antennas and the sophistication of the antenna array proces 
sor 21 and the receive enhancer 41 Will depend upon the 
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traf?c density. Aconcentrator can be placed physically close 
to its users in a convenient location, and can be simply 
switched on Without requiring any elaborate pre-installation 
netWork loading studies. If it is determined later that the 
concentrator is underloaded or overloaded, that concentrator 
can then be replaced With a concentrator having the most 
appropriate capacity for long-term use. As traf?c patterns in 
a given area change over time, the concentrator can again be 
upgraded or doWngraded as appropriate. 

[0046] It Will be evident to Workers in the art that inventive 
features of the concentrator embodiments described above 
With respect to FIGS. 1-11 can be implemented, for eXample, 
using a suitably programmed data processing device, for 
eXample a digital signal processor, or alternatively, by such 
a suitably programmed data processing device in combina 
tion With other hardWare devices externally connected to the 
data processing device. 

[0047] Although eXemplary embodiments of the invention 
are described above in detail, this does not limit the scope of 
the invention, Which can be practiced in a variety of embodi 
ments. 

What is claimed is: 
1. An apparatus for coupling a plurality of local Wireless 

communication netWorks for communication With a Wired 
communication netWork, comprising: 

a plurality of RF sections respectively coupled to a 
plurality of antennas for Wireless communication With 
Wireless communication devices operating in the local 
networks; 

an antenna array processor coupled to said RF sections for 
performing antenna array processing relative to said 
antennas, a ?rst group of said antennas responsive to 
said antenna array processor for performing Wireless 
communications With a ?rst Wireless communication 
device operating in a ?rst of the local netWorks, and a 
second group of said antennas responsive to said 
antenna array processor for performing Wireless com 
munications With a second Wireless communication 
device operating in a second of the local netWorks, 
Wherein the second device is different from the ?rst 
device and the second netWork is different from the ?rst 
netWork; and 

said antenna array processor having a communication port 
for coupling to the Wired netWork to permit commu 
nication betWeen the Wired netWork and the devices 
operating in the local netWorks. 

2. The apparatus of claim 1, Wherein the ?rst and second 
groups of antennas include the same antennas. 

3. The apparatus of claim 1, Wherein said RF sections are 
Bluetooth RF sections, the Wireless communication devices 
are Bluetooth devices, and the local netWorks are Bluetooth 
piconets. 

4. The apparatus of claim 3, including a controller coupled 
to said antenna array processor and cooperable thereWith for 
causing said apparatus to appear as a Bluetooth master 
device simultaneously in each of the Bluetooth piconets. 

5. The apparatus of claim 1, including a receive enhancer 
coupled to said antenna array processor for permitting 
communications received from the devices in the local 
netWorks to be of loWer quality than Would otherWise be 
required Without said receive enhancer. 
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6. The apparatus of claim 5, Wherein said receive 
enhancer includes a decision feedback equaliZer. 

7. The apparatus of claim 5, Wherein said receive 
enhancer includes a multi-user detector. 

8. The apparatus of claim 1, including a traffic monitor 
coupled to said antenna array processor for monitoring 
communication traffic, said traf?c monitor including an 
output for negotiating With another apparatus to hand-off to 
said another apparatus at least one of the Wireless commu 
nication devices currently operating in the local netWorks 
such that the at least one Wireless communication device can 
be coupled via said another apparatus for communication 
With the Wired communication netWork. 

9. The apparatus of claim 1, Wherein said ?rst and second 
groups of antennas are responsive to said antenna array 
processor for beamforming during said Wireless communi 
cations With the ?rst and second Wireless communication 
devices. 

10. The apparatus of claim 1, Wherein at least some of said 
RF sections support RF communications on at least tWo 
frequencies simultaneously. 

11. A method for coupling a plurality of local Wireless 
communication netWorks for communication With a Wired 
communication netWork, comprising: 

using antenna array processing to control a plurality of 
antennas such that a ?rst group of the antennas per 
forms Wireless communications With a ?rst Wireless 
communication device operating in a ?rst of the local 
netWorks and a second group of the antennas performs 
Wireless communications With a second Wireless com 
munication device operating in a second of the local 
netWorks, Wherein the second device is different from 
the ?rst device and the second netWork is different from 
the ?rst netWork; and 

coupling the Wired netWork to the plurality of antennas to 
permit communication betWeen the Wired netWork and 
the devices operating in the local netWorks. 

12. The method of claim 11, Wherein the ?rst and second 
groups of antennas include the same antennas. 

13. The method of claim 11, Wherein the Wireless com 
munication devices are Bluetooth devices and the local 
netWorks are Bluetooth piconets. 

14. The method of claim 11, Wherein said using step 
includes receiving Wireless communications from the ?rst 
and second devices, and deriving channel quality informa 
tion from the received communications. 

15. The method of claim 14, Wherein said using step 
includes, responsive to the channel quality information, 
controlling the ?rst and second groups of antennas for 
beamforming during said Wireless communications With the 
?rst and second Wireless communication devices. 

16. The method of claim 11, Wherein said using step 
includes controlling the ?rst and second groups of antennas 
for beamforming during said Wireless communications With 
the ?rst and second Wireless communication devices. 

17. The method of claim 11, including using at least some 
of the antennas on at least tWo frequencies simultaneously 
for Wireless communications With devices operating in the 
local netWorks. 

18. The method of claim 11, including using one of 
decision feedback equaliZer techniques and multi-user 
detection techniques for permitting communications 
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received from the devices in the local networks to be of 
lower quality than would otherwise be required without 
using said techniques. 

19. The method of claim 18, including increasing a 
transmission power level of the ?rst and second groups of 
antennas in conjunction with said step of using one of 
decision feedback equalizer techniques and rnulti-user 
detection techniques. 

20. The method of claim 11, including requiring all of the 
wireless communication devices operating in the local wire 
less cornrnunication networks to operate as slave devices in 
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their associated networks, and further including detecting 
that a wireless communication device is visiting one of the 
local wireless communication networks and is operating 
therein as a master device, and logging in as a slave device 

with the visiting device that is operating as a master device 
and instructing the visiting device to operate as a slave 
device while visiting in the local wireless communication 
network. 


