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(57) Abstract: A method for allowing
time multiplexing in a wireless network
comprising two or more access port and
a wireless switch includes receiving a time
ordered sequence comprising a plurality
of time slots from the wireless switch.
Next, the signals are transmitted according
to the time ordered sequence. In another
embodiment, an access port used in a
wireless network that includes a wireless
switch comprises a transceiver operable
to receive a time ordered sequence
comprising a plurality of time slots
calculated by the wireless switch. Further
the access port comprises a plurality of
antennas coupled to an antenna selector;
the antenna selector configured to couple
selectively the transceiver with at least
one of the plurality of antennas based at
least in part on the time ordered sequence.
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TIME DIVISION MULTIPLEXING FOR ACCESS PORTS

IN A WIRELESS NETWORK

TECHNICAL FIELD OF THE INVENTION

[0001] This invention relates to the field of wireless networking and, more specifically, to

a time division multiplexing for access ports in a wireless network.

BACKGROUND OF THE INVENTION

[0002] In today’s work environment, mobile connectivity is becoming increasingly
important. The ability to send and receive data anywhere within an office, school, factory,
or other location is quickly becoming a necessity, and wireless local area networks have
been introduced to facilitate such mobile connectivity. Generally, a wireless local area
network includes access ports that are directly connected to wired networks, such as an
Ethernet network. In this approach, maintaining configuration data, performing client
authentication and performing other tasks are conducted at the access port. However, such
an approach has numerous deficiencies and drawbacks, including elevated costs for network

management and maintenance.

[0003] To alleviate some of these deficiencies and drawbacks, a wireless network based
on an intelligent wireless switch has been devel(;ped. In this type of wireless network,
access ports are coupled with a wireless switch that contains the intelligence to maintain
configuration data, perform client authentication and perform other tasks while the access
ports provide only wireless access. This configuration has numerous benefits, including

ease of management, cost efficiency, and flexibility.

[0004] A potential problem in wireless local area networks having wireless switches and
wireless local area networks that includes wired and wireless access ports is the possibility
of two or more transmitting access ports interfering with each other. One source of
interference can occur when a radiation pattern produced by an access port’s omni-

directional antenna interferes with the radiation pattern emitted from another nearby access
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port. The two radiation patterns may destructively interfere with each other resulting in a
potential loss of signal. To reduce some of the interference from access ports with omni-
directional antennas, access ports with multiple directional antennas have been eproposed.
These access ports can choose the antenna to use and send data along a focused antenna
pattern.  However, interference can still occur in busy wireless networks when
simultaneously transmitting access ports interfere with each other. Also, if an access port
sends out an omni-directional beacon signal at the same time other access ports are

transmitting signals, interference can occur.

[0005] Accordingly, it is desirable to provide a wireless network system with wireless
access ports that substantially eliminates or eliminates interference from overlapping
signals. In addition it is desirably to provide methods for sending signals in a wireless
network that substantially eliminates or eliminates interference from overlapping signals.
Furthermore, other desirable factors and characteristics of the present invention will become
apparent from the subsequent detailed description and the appended claims, taken in

conjunction with the accompanying drawings, technical field, and background.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The present invention will hereinafter be described in conjunction with the

following drawing figures, wherein like numerals denote like elements, and:

[0007] FIG. 1 illustrates a wireless network in accordance with an exemplary embodiment

in accordance with the teachings of the present invention;

[0008] FIG. 2 illustrates an access port in accordance with an exemplary embodiment in

accordance with the teachings of the present invention;

[0009] FIG. 3 is a flowchart for determining neighboring access ports and relative time
offsets between access ports in accordance with an exemplary embodiment of the present

invention;

[0010] FIG. 4 is a flowchart for a method of assigning time slots for an access port in

accordance with the teachings of the present invention; and
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[0011] FIG. 5 illustrates an exemplary network illustrating the transmission in time slots

in accordance with the teachings of the present invention.

SUMMARY OF THE INVENTION

[0012] In one embodiment of the present invention, a method for sending signals in a
wireless network comprising two or more access port and a wireless switch is disclosed. As
a first step, a time ordered sequence comprising a plurality of time slots is received from the

wireless switch. Then the signals are transmitted according to the time ordered sequence.

[0013] In another embodiment, an access port used in a wireless network that includes a
wireless switch is disclosed. The access port comprises a transceiver operable to receive a
time ordered sequence comprising a plurality of time slots calculated by the wireless switch.
Further the access port comprises a plurality of antennas coupled to an antenna selector; the
antenna selector configured to couple selectively the transceiver with at least one of the

plurality of antennas based at least in part on the time ordered sequence.

[0014] In yet another embodiment, a wireless network is disclosed. The wireless network
comprises a wireless switch and a plurality of access ports. The wireless switch is operable
to determine a time ordered sequence for each of the plurality of access ports. The plurality
of access ports are each coupled to the wireless switch. Each of the plurality of access port
comprises a transceiver operable to receive a time ordered sequence determined by the
wired switch. Further, the access port comprises a plurality of antennas and an antenna
selector coupled between the transceiver and each of the plurality of antennas. The selector
is configured to couple the transceiver with at least one of the plurality of antennas based at

least in part on the time ordered sequence.
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DETAILED DESCRIPTION OF THE DRAWINGS

[0015] The following detailed description is merely exemplary in nature and is not
intended to limit the invention or the application and uses of the invention. Furthermore,
there is no intention to be bound by any expressed or implied theory presented in the

preceding technical field, background, brief summary or the following detailed description.

[0016] FIG. 1 illustrates an exemplary wireless local area network 100 distributed
throughout a floor of a building, facility or other location. The wireless local area network
100 includes a wireless switch 104 coupled to wired access ports 108. The wireless local
area network also includes wireless access ports 110 that are configured to communicate
with the wired access ports 108. The wireless local area network 100 further includes
mobile units 114 that can communicate between each other as well as with other devices in

the wireless local area network 100 and with devices outside the local area network 100.

[0017} Wireless switch 104 is configured to provide centralized management and
intelligence for the wireless local area network 100. The wireless switch 104 can determine
optimal routing paths for data transfer in the wireless local area network 100 and provide the
routing information to the wired access port 108 and the wireless access port 110. Wireless
switch 104 is also configured to diétribute software and software updétes to the wired access
ports 108 and the wired access ports 108 can send the software and software updates to the
wireless access ports 110. In one embodiment wireless switch 104 couples the wireless

local area network 100 to an external network such as the Internet.

[0018] Wired access ports 108 connect to the wireless switch 104 via a wired connection
105 that provides data transfer between the wired access ports 108 and the wireless switch
104. Additionally, the wired connection 105 can supply power to the wired access ports
108. Wired access ports 108 are further configured to send and receive data from mobile
units 114 and wireless access ports 110. Routing information for the wired access port 108

can be determined, at least in part, at the wireless switch 104.

[0019] Wireless access ports 110 are configured to communicate with mobile units 114
and wired access ports 108 over a wireless link 107. The wireless access ports 110 utilize
routing information provided by the wireless switch 104 to help determine where to send

data. Unlike the wired access ports 108, the wireless access ports 110 are not connected to

4
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the wireless switch 104 via the wired connection 105 and communicate with the wireless

switch 104 via the wired access ports 108.

[0020] An access port 200 is illustrated in FIG. 2 in accordance with an exemplary
embodiment of the invention. The access port 200 illustrated in FIG. 2 is a wireless access
port, although access port 200 can also be a wired access port. A wired transceiver (not
shown) would be provided if access port 200 was a wired access port in order to enable
communication between the access port 200 and the wireless switch 104. Access port 200
comprises a processor 202 coupled to a transceiver 206. Antennas 210-216 couple to the

transceiver 206 and processor 202 via an antenna selector 208.

[0021] Transceiver 206 is configured to send and receive transmissions to and from
wireless access ports 110, wired access ports 108, and mobile units 114. While FIG. 2
illustrates a combined transceiver 206, separate receiver and transmitter units can also be

used in accordance with the present invention.

[0022] Processor 202 is configured to execute various programs needed for the operation
of the access port 200. For example, processor 202 can be configured to determine the

proper antenna(s) 210-216 to use for a transmission.

[0023] Antennas 210-216 receive and transmit signals within a given region. In one
exemplary embodiment, antennas 210-216 are directional antennas whose radiation patterns
are in the form of lobes that extend outward from each of the antenna(s) 210-216 in one
direction for a given antenna 210-216 position. By placing the antennas 210-216 around the
access port in approximately an evenly spaced pattern, each of the antennas 210-216 covers
a certain portion of a 360 degree arc around the access port 200. In the exemplary
embodiment illustrated in FIG. 2, each of the four antennas 210-216 are evenly spaced and
transmit and receive data within each of the four antennas® ninety degree area of coverage.
While four antennas are shown in FIG. 2, the exact number of antennas can vary depending

upon the area of coverage desired for each antenna 210-216.

[0024] Antenna selector 208 is configured to couple the transceiver 206 with one or more
of the antennas 210-216 that allows the transceiver 206 to send a signal over any
combination of the antennas 210-216. In one exemplary embodiment, processor 202 can

determine the antennas 210-216 to use and can control the antenna selector 208 to select the

5
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proper antenna(s). The selection of the proper antenna(s) can be based, at least on part, on
routing information supplied by the wireless switch 104. While processor 202 and antenna
selector 208 are illustrated as separate elements, the two components can be formed as a
single integrated component. In one exemplary embodiment, antenna selector 208 can be

implemented as a Field-Programmable Gate Array (FPGA).

[0025] To alleviate the possibility of interference from antenna emissions from omni-
directional antennas, in one exemplary embodiment of the present invention, a plurality of
directional antennas 210-216 can be provided for the access port 200. The access port 200
includes four directional antennas 210-216 coupled to the common transceiver 206. The
number of directional antennas 210-216 can be varied within the scope of the present
invention. Antenna selector 208 can selectively couple the transceiver 206 to one or more
of the antennas 210-216 for transmitting a signal, the choice depending, at least in part, upon
the location of the destination access port or mobile unit. Alternatively, all four directional
antennas 210-216 can be used simultaneously to send a signal that can be used to indicate
the access port’s proximity to the mobile units, known, as a broadcast transmission or

beacon signal.

[0026] As discussed previously, although access ports with multi-directional antennas can
help to alleviate interference in local area networks, there are situations, such as when two
adjacent access ports send a beacon signal, where the possibility of interference still exists.
To reduce the possibility of interference between access ports in such situations, the ability
of each access port to transmit can be controlled. In one exemplary embodiment, for each
access port, an amount of time is divided into individual time slots and each time slot is
allocated to a type of transmission. By coordinating the time slot in which an access port
sends information, interference between nearby access ports can be avoided. In one
embodiment of the present invention, the wireless switch 104 determines the number of time

slots and allocates the time slots to the access port 200.

[0027] Before the wireless switch 104 can assign time slots, the neighboring access'ports
for each access port are determined and the number of time slots needed for each access port
is determined. FIG. 3 is a flowchart of an exemplary method 300 to determine the
neighboring access ports to each access port. In the exemplary method, the access ports

have an area of common overlap where they can receive the same signal but do not know

6



WO 2007/005712 PCT/US2006/025772
where other access ports are located.

[0028] In a first step of the method, step 302, mobile unit 114 enters an area of overlap
coverage between two access ports; a first access port and a second access port. Next, in
step 304, the mobile unit 114 sends a packet to the first access port which is also received by
the second access port, because, as mentioned earlier first access port and second access port

have an overlapping reception area.

[0029] In step 306, each access port will time stamp the packet upon reception with the
current time and then forward the packet to its final destination, which is, in this exemplary
embodiment, wireless switch 104. In step 308, the wireless switch 104 receives the packets
from each of the access ports and, in an exemplary embodiment, examines the header of
each packet to determine if one of the packets received by one of the access ports passed
through the other access port on the way to the wireless switch. If so, the access ports are
considering neighboring access ports. As an example, if the packet received by the wireless
switch 104 from the second access port passed through the first access port on its route to
the wireless switch 104, the first and second access ports would be considered neighboring

access ports.

[0030] Once accesé ports are considered neighbors, the wireless switch 104 can inform the
access ports about any relative clock differences between the first access port and the second
access port for synchronization purposes, in step 310. This can be done by comparing the
time stamp of each packet. This method can then be repeated for each of the access ports in
the network. The wireless switch 104 can then store the information about each access port

in the local area network and their neighboring access ports.

[0031] Once the neighbors for each access port are determined, a time ordered sequence
comprising a plurality of time slots can be assigned for each access port. The time slots in
the time ordered sequence represent an amount of time that the access port can use to
complete the task specified to be completed in that time slot. FIG. 4 is a flowchart of an
exemplary method 400 for determining the number of time slots needed for an access port.
In an exemplary embodiment, the steps of the method can be performed by the wireless
switch 104. In a first step, step 402, one time slot is reserved for sending beacon signals
from the access port. As discussed previously beacon signals are omni-directional signals

sent to notify other access ports that the access port sending the beacon is in the network.
7
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Next, in step 404, a time slot is reserved for communications between the access port and
each neighboring access port. For example, if the access port has four neighbors, four time
slots need to be reserved. Next, in step 406, a time slot is allocated for the transfer of data to
mobile units, which is also known as basic service set (BSS) data transfer. The time slots do
not have to be equally long as some transmission may take a longer time than others. Also,
individual slots can be further divided into a number of sub-slots. For example, the slot
reserved for BSS data transfer could have sub-slots corresponding to each antenna such that
during the BSS slot, the access port can transmit to mobile units using one of the antennas,
and a second time slot, such that the access port can transmit to another mobile unit using

another one of the antennas.

[0032] FIG. 5 illustrates an exemplary network 500 with a first access port 501 and its
neighbors. The first access port 501 has four neighbors; second access port 502, third access
port 504, fourth access port 506, and fifth access port 508. One time slot is allocated for any
beacon transmissions 510 from first access port 501. As noted before, beacons
transmissions are transmissions used by access ports to identify themselves. Next, four slots
are set aside for inter-access port traffic. That is, there will be one slot for a first
communication 512 between first access port 501 and second access port 502, one slot for a
'second communication 514 between first access port 501 and third access port 504, one slot
for a third communication 516 between first access port 501 and fourth access port 506, and
one slot for a fourth communication 518 between first access port 501 and fifth access port
508. Then, a final slot, slot 520, is set for communication to mobile units (also known as
base station traffic). Of course, the order of the time slots can be altered such that

neighboring access ports do not send beacon signals at the same time.

[0033] This process can be repeated for each access port. While the procedure determines
the number of slots needed per access port, the; wireless switch still must determine which
slot can be used for which transmission for each access port. In one example, the wireless
switch must determine when the first access port 501 and the second access port 502 can
send a beacon signal. If first access port 501 and second access port 502 of FIG. 5 both send
a beacon in a first time slot there is likelihood for interference that could result from two
close access ports sending an omni-directional signal at the same time. Therefore, the
wireless switch could stagger the time slots such that first access port 501 and second access

port 502 send beacon signals in different time slots. For example, the first access port 501
8
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may be allowed to transmit a beacon signal in a first time slot and the second access port

502 allowed to transmit a beacon signal in a later time slot, such as a fourth time slot.

[0034] While at least one exemplary embodiment has been presented in the foregoing
detailed description, it should be appreciated that a vast number of variations exist. It
should also be appreciated that the exemplary embodiment or exemplary embodiments are
only examples, and are not intended to limit the scope, applicability, or configuration of the
invention in any way. Rather, the foregoing detailed description will provide those skilled
in the art with a convenient road map for implementing the exemplary embodiment or
exemplary embodiments. It should be understood that various changes can be made in the
function and arrangement of elements without departing from the scope of the invention as

set forth in the appended claims and the legal equivalents thereof.
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CLAIMS

What is claimed is:

L. A method for sending data in a wireless local area network comprising a plurality of
access ports and a wireless switch, the method comprising:
receiving a time ordered sequence at least one of the plurality of access ports, the
time ordered sequence generated by the wireless switch; and

transmitting the data according to the time ordered sequence.

2. The method of claim 1 wherein the step of receiving a time ordered sequence further
comprises:
dividing the time ordered sequence into a plurality of time slots;
allocating a first set of time slots of the plurality of time slots for each
communication between the access port and all neighboring access ports;
allocating a second set of time slots of the plurality of time slots for a broadcast
transmissions; and
allocating a third set of time slot of the plurality of time slots for communication

between the access port and a mobile units.

3. The method of claim 2 further comprising:
receiving a data packet at the wireless switch that was received by a first access
port and a second access port of the plurality of access ports;
determining if the first access port and the second access port are neighboring
access ports; and
determining a time offset between the first access port and the second access port
to synchronize the first access port and the second access port if the first

access port and the second access port are neighboring access ports.
4. The method of claim 3 wherein the step of determining if the first access port and the

second access port are neighboring access ports further comprises determining if the first

access port and the second access port are neighboring access ports if the first access port

10



WO 2007/005712 PCT/US2006/025772

routes the data packet through the second access port or the second access port routes the

data packet through the first access port.

5. The method of claim 4 wherein the step of determining a time offset further
comprises computing the difference of a first timestamp indicating the time of the packet
reception at the first access port and a second timestamp indicating the time of the packet

reception at the second access port

6. The method of claim 3 further comprising allocating the time slots of the time
ordered sequence for the first access port based at least in part on the time offset between the

first access port and the second access port.

7. The method of claim 6 wherein the step of allocating the time slots further
comprises:
allocating for a first access port a first time slot of the time ordered sequence for
sending a broadcast transmission; and
allocating for a second access port a second time slot of the time ordered
sequence for sending a broadcast transmission, the first time slot and the
second time slot selected as to provide a temporal separation between the

broadcast transmissions to prevent interference.

8. An access port used in a wireless local area network that includes a wireless switch
comprising:
a transceiver operable to receive a time ordered sequence comprising a plurality
of time slots, the time ordered sequence determined by the wireless switch;
a plurality of antennas; and
an antenna selector coupled between the transceiver and each of the plurality of
antennas, the antenna selector configured to couple the transceiver with at
least one of the plurality of antennas based at least in part on the time ordered

sequence.

11
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9. The access port of claim 8 further comprising:

a processor coupled to the transceiver, the processor operable to receive the time
ordered sequence from the transceiver, the time ordered sequence determined
by the wireless switch by:

dividing the time ordered sequence into a plurality of time slots;
allocating a time slot of the plurality of time slots for each
communication between the access port and all neighboring access
ports;

allocating a time slot of the plurality of time slots for broadcast
transmissions; and

allocating a time slot of the plurality of time slots for base station traffic.

10.  The access port of claim 8 further comprising:

a processor coupled to the transceiver, the processor operable to receive a time
offset between access ports, the time offset between access ports determined
by the wireless switch by:

receiving a data packet at the wireless switch that was received by a first
access port and a second access port;

determining if the first access port and the second access port are
neighboring access ports;

if the first access port and the second access port are neighboring access,
ports determining a time offset between the first access port and the
second access port to synchronize the first access port and the second
access port; and

sending the time ordered sequence and the time offset to the access ports.

11.  The access port of claim 10 wherein the processor is further operable to receive a
listing of neighboring access ports, the list of neighboring access ports generated at the
wireless switch by determining if the first access port routes the data packet through the
second access port or the second access port routes the data packet through the first access

port.

12
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12.  The access port of claim 11 wherein the processor is further operable to receive a
time offset from the wireless switch, the time offset generated at the wireless switch by
determining the difference of a first timestamp indicating the time of the packet reception at
the first access port and a second timestamp indicating the time of the packet reception at

the second access port

13.  The access port of claim 12 further wherein the time slots of the time ordered

sequence are based at least in part on the time offset.

14.  The access port of claim 13 wherein the time slots for the time ordered sequence for
neighboring access ports are allocating such that the neighboring access ports do not send a

transmission using all antennas in the same time slot.

15. A wireless local area network comprising:
a plurality of access ports comprising:
a transceiver operable to receive a time ordered sequence;
a plurality of antennas;
an antenna selector coupled between the transceiver and each of the plurality
of antennas, the antenna selector configured to couple the transceiver with
at least one of the plurality of antennas based at least in part on the time
ordered sequence; and
a wireless switch coupled to the plurality of access ports, the wireless switch
operable to determine the time ordered sequence for each of the plurality

of access ports.

16.  The wireless local area network of claim 15 wherein the wireless switch assigns a
plurality of time slots in the time ordered sequence by:
allocating a time slot of the plurality of time slots for each communication
between an access port of the plurality of access ports and any neighboring
access ports of the plurality of access ports;
allocating a time slot of the plurality of time slots for broadcast transmissions;
and

allocating a time slot of the plurality of time slots for base station traffic.

13
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17.  The wireless local area network of claim 15 wherein the wireless switch is further
operable to:
receive a data packet at the wireless switch that was received by a first access
port and a second access port;
determine if the first access port and the second access port are neighboring
access ports;
if the first access port and the second access port are neighboring access ports,
determine a time offset between the first access port and the second access
port to synchronize the first access port and the second access port; and

send the time offset to the access ports.

18.  The wireless local area network of claim 17 wherein the wireless switch is further
operable to generated a listing of neighboring access ports by determining if the first access
port routes the data packet through the second access port or the second access port routes

the data packet through the first access port.

19.  The wireless local area network of claim 17 wherein the access port is further
operable to receive a time offset from the wireless switch, the time offset generated at the
wireless switch by determining the difference of a first timestamp indicating the time of the
packet reception at the first access port and a second timestamp indicating the time of the

packet reception at the second access port
20. The wireless local area network of claim 19 wherein thé time slots for the time

ordered sequence for neighboring access ports are allocating such that the neighboring

access ports do not send a transmission using all antennas in the same time slot.

14
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