
[0001]METHOD AND APPARATUS OF EXCHANGING MESSAGES VIA
A WIRELESS DISTRIBUTION SYSTEM BETWEEN GROUPS
OPERATING IN DIFFERENT FREQUENCIES [0002]FIELD OF THE
INVENTION [0003]The present invention is related to a
wireless communication system. More particularly, the
present invention is related to a method and apparatus
for exchanging messages via a wireless distribution
system between groups operating in different
frequencies. [0004]BACKGROUND [0006]Figure 1 shows a
conventional infrastructure mode wireless local area
network (WLAN) 100 with a wired distribution system
(DS) 114. In the infrastructure mode WLAN 100, a
plurality of basic service sets (BSSs) 112a, 112b are
connected to the DS 114, and access points (APs) 102a,
102b relay traffic to and from the DS 114, Each AP
102a, 102b serves STAs 104a, 104b located in the BSSs
112; 112b, respectively. ADS is typinlly a wired
network connecting the BSSs 112a, 112b as shown in
Figure 1. 100061Figure 2 shows a conventional
infrastructure mode WLAN 200 with a wireless
distribution system (WDS). If the wired DS does not
exist, communication between APs 202a, 202b may take
place wirelessly using the WDS. Through the same
mechanisms which allow an AP, such as the AP 202a, to
send and receive packets to and from other APs, such
as the AP 202b, via the WDS, it is possible for a
station (STA), (i.e., a non-AP STA), such as a STA
204a or a STA 204b, to send and receive packets to
other nodes, such as a STA 204c or an AP 202b, that
are outside its BSS or its TESS. A STA capable of
sending packets to other nodes outside its BSS or
independent BSS (IBSS) is called a STA with WDS
capabilities. 



[0007]When referred to hereafter, the terminology
"single-transceiver node" is referred to as a node,
(either an AP or a STA), capable of transmitting or
receiving on a single channel at a time, the
terminology "group" refers to a BSS or an IBSS without
any distinction, the terminology "WDS traffic" or "WDS
packet" refers to traffic or a packet transmitted from
a node in one group to a node in  another group. The
WDS packet may be a packet sent from an AP in one BSS
to an AP in another BSS, or a packet sent from a STA
in one BSS, (or MSS), to a STA in another BSS, (or
IBSS). [00081Gamier sensing multiple access (CSMA) is
a medium access control (MAC) mechanism used by a
node, (either a STA or an AP), such that the node
listens to a channel in order to detect whether the
channel is busy before transmitting a packet and to
detect the arrival of a packet that is destined to the
node. Listening to a channel is referred as node
camping on a given channel. The channel that the node
camps on is typically advertised through a beacon
frame and/or a probe response frame. [0009]In a WLAN,
such as an IEEE 802.11 network, STAs and an AP within
a BSS, (or an IBSS), share the same frequency
channel(s) to communicate with each other. A
single-transceiver node uses the same channel both to
transmit and receive packets. Therefore, the
single-transceiver node cannot transmit packets on one
channel while receiving packets on another channel,
Additionally, for successful communication between two
nodes, a source node must transmit a packet on the
frequency channel used by a destination node.
Therefore, for two or more nodes from different
groups, (i.e., BSSs or IBSSs), to be interconnected
through a WDS, the nodes must use at least one common
channel to send and receive WDS packets. This imposes
a limit on the capacity that the WDS may achieve and
limits its scalability. [00101Furthermore, in a system
where nodes are only equipped with a single
transceiver, WDS traffic and normal data traffic are
typically multiplexed on the same channel using a CSMA
scheme. This leads to the situation where the channel
used within a group, (i e, BSS or IBSS), is the same
as the channel used for the WDS and that all groups
must use the same channel in order to maintain
connectivity between the groups. This limits the
capacity available to users, and limits the
scalability of the system. [00111Therefore, it is
desirable to provide a method and apparatus for 



supporting connectivity between groups without such
limitations of the prior art.  SUMMARY OF THE
INVENTION       The present invention is related to a
method and apparatus for exchanging messages via a
wireless distribution system between groups operating
on different frequencies. A wireless communication
system includes a plurality of wireless
transmit/receive units (WTRUs) and a plurality of
BSSs. At least one VVTRU belongs to each BSS. A source
WTRU desiring to send a WDS packet to a destination.
WTRU in another BSS sends an availability notification
(AN) message to WTRUs associated with the source WTRU,
in the BSS of the source WTRU, to indicate that the
source WTRU will not be available to receive data. The
source WTRU then accesses a channel on which the
destination WTRU camps and sends a packet to the
destination WTRU. After transmission of the packet, or
receiving an acknowledgement from the destination
WTRU, the source WTRU reverts back to the original
channel.       In one aspect the present invention
provides a method of exchanging a message via a
wireless distribution system (WDS) between basic
service sets BSS) operating on different frequencies,
the method including:       a source wireless
transmit/receive unit (WTRU) sending an availability
notification (AN) message to at least one associated
WTRU to indicate that the source WTRU will not be
available to receive data via a first channel used by
the source WTRU and the associated WTRU;       the
source WTRU accessing a second channel which a
destination WTRU listens to in order to wirelessly
transmit a message to the destination WTRU located in
a different BSS;       the source WTRU sending a
packet to the destination WTRU via the second channel;
and the source WTRU reverting back to the first
channel.       In a further aspect the present
invention provides a wireless transmit/receive unit
(WTRU) for exchanging a message via a wireless
distribution system between basic service sets (BSSs)
operating on different frequencies, the WTRU
including: a transceiver for sending a packet via one
of a plurality of channels; and 



a controller configured to send an availability
notification (AN) message to at least one associated
WTRU via a first channel which the associated WTRU 30
listens to to indicate that the WTRU will not be
available to receive data, and send a packet
wirelessly to a destination WTRU located in a
different BSS via a second channel which the
destination WTRU listens to. Figure 1 shows a
conventional infrastructure mode WLAN with a wired DS.
Figure 2 shows a conventional infrastructure mode WLAN
with a WDS. Figure 3 shows an exemplary wireless
communication system configured in accordance with the
present invention.       Figure 4 is a flow diagram of
a process for exchanging a message between nodes in
groups operating in different channels in accordance
with the present invention.       Figure 5 is a
detailed flow diagram of a process for exchanging a
message between nodes in groups operating in different
channels in accordance with the present invention.
Figure 6 is a block diagram of a WTRU configured in
accordance with the present invention. 



3a 0   [0021] DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS  [0022] When referred to hereafter, the
terminology "WTRU" includes but is not limited to a
user equipment, a mobile STA, a fixed or mobile
subscriber unit, a pager, or any other type of device
capable of operating in a wireless environment. When
referred to hereafter, the terminology "AP" includes
but is not limited to a base station, a Node-B, a site
controller, or any other type of interfacing device in
a wireless environment. The terminology "node is used
to refer to either the WTRU or the A.P. [0023]The
features of the present invention may be incorporated
into an integrated circuit (IC) or be configured in a
circuit comprising a multitude of interconnecting
components. [0024]Figure 3 shows an exemplary wireless
communication system 300 configured in accordance with
the present invention. The system 300 includes three
groups, (i.e., BSISs) 312a-312c. Each group 312a-312c
includes one ALP 302a-302c, respectively, and uses
different channels. The APs 302a-302c are camping
their transceivers on different channels. The AP 302a
camps on channel 1, the AP 302b camps on channel 2,
and the AP 302c camps on channel 3. Therefore, the AP
302a communicate with a STA 304a associated with the
AP 302a on the channel 1, the AP 302b communicates
with a STA 304b associated with the AP 302b on the
channel 2, and the AP 302c communicates with a STA
304c associated with the AP 302c on the channel 3.
[0025]In accordance with the present invention, an AP
desiring to send a WDS packet, (or a series of
packets), to another AP sends an availability
notification (AN) message to a. STA associated with
the AP to indicate that the AP is not available to
receive a packet for a period indicated by the AN
message, and switches to another channel on which the
destination AP camps and switches back to the original
channel. For example, the AP 302a desiring to send a
WDS packet to the AP 302c sends an AN message to a STA
304a indicating that the AP 302a is not available to
receive a packet from the STA 304a for a period of T,
and switches to the channel 3 to send a WDS packet to
the AP 302c. After completion of the  



transmission, or receiving an acknowledgement (ACK)
from the AP 302c, the AP 302a switches back to the
channel 1 to serve its BSS 312a. [00261It should be
understood that the present invention is applicable to
the  situation where one or more groups may be an
IBSS. In such case, the node relaying traffic to and
from neighboring groups is a STA with WDS
capabilities. [0027] Figure 4 is a flow diagram of a
process 400 for exchanging a message between nodes in
groups operating on different channels in accordance
with the present invention. A source node, (either an
AP or a STA), desiring to send a WDS packet, (or a
series of packets), to a destination node, determines
on which channel the destination node camps (step
402). The step 402 typically involves accessing an
internal database and may be performed prior to the
moment where the source node needs to send the packet.
[0028]The source node then sends an AN message to its
associated nodes to indicate that the source node is
not available to receive a packet for a period
indicated by the AN message (step 404). The source
node switches to the channel on which the destination
node camps, and sends a WDS packet to the destination
node (steps 406, 408). Although the embodiment is
described herein for an implementation that sends WDS
traffic on a per-packet basis, (Le. has to win ern-4s
to the wireless medium every time the source node
needs to send a packet), a series of packets may be
sent sequentially once the source node gets access to
the wireless medium. 100291The destination node may
optionally send an ACK to the source node via the same
channel on which the source node sent the WDS packet
when the destination node successfully receives the
WDS packet (step 410). The source node switches back
to its own channel once the transmission of the WDS
packet is completed, (or an ACK is received), or when
the period announced through the AN message elapsed
(step 412). [0030]Figure 5 is a detailed flow diagram
of a process 500 for exchanging a message between
nodes in groups operating in different channels in
accordance with the present invention. A source node
determines whether there is at least one common
channel which both the source node and a destination
node camp on (step 



-5- 0  502). It is assumed that the source node has an
access to a list of neighboring nodes and a list of
the channels on which these nodes camp on. If there is
at least one common channel between the source node
and the destination node, the source node chooses one
of the common channels (step 504). The source node
then initializes a transmission time count (step 506).
The source node gets access to the wireless medium and
sends a WDS packet to a destination node (step 508).
The source node then determines whether an ACK is
received for the WDS packet (step 510). If an ACK is
received, the source node initializes a retransmission
count to '0' (step 512) and the process 500 ends. If
an ACK is not received, the source node determines
whether a retransmission count exceeds a
retransmission limit and a transmission time count
exceeds a transmission time limit (step 514). If the
retransmission count does not exceed the
retransmission limit and the transmission time count
does not exceed the transmission time limit, the
source node increases the retransmission count by one
(step 516) and the process 500 returns to step 508 to
resend the WDS packet. 100311If either the
retransmission count exceeds the retransmission limit
or the transmission time count exceeds the
transmission time limit, the source node discards the
WDS packet (step 518). The source node may then
initiate a procedure to find a channel on which the
destination node camp (step 520). This is in case the
transmission failure was due to the destination node
having changed the channel onto which it camps without
the source node knowing this. [00321If it is
determined at step 502 that there is no common channel
between the source node and the destination node, the
source node sends an AN message to nodes associated
with the source node to indicate that the source node
is not available to receive a packet for a period of T
which is indicated by the AN message, or alternatively
until the nodes receive another AN message from the
source node (step 522). The source node selects a
channel on which the destination node camps (step
524). The source node initializes a transmission time
count (step 526). 100331The source node gets an access
to the wireless medium and sends a WDS packet to a
destination node (step 528). The source node then
determines -6-0  



whether an ACK is received for the WDS packet (step
530). If an ACK is received, the source node
initializes a retransmission count to '0' (step 532).
The source node then reverts back to the original
channel (step 534) and the process 500 ends. If an ACK
is not received, the source node determines whether
the time indicated in the AN message has elapsed (step
536). If the time has not elapsed, the source node
increases the retransmission. count by one (step 538)
and the process 500 returns to step 528 to resend the
VVDS packet. [0034]If the time has elapsed, the source
node determines whether the retransmission count
exceeds the retransmission limit and the transmission
time count exceeds the transmission time limit (step
540). If the retransmission count does not exceed the
retransmission limit and the transmission time count
does not exceed the transmission time limit, the
source node reverts back to the original channel (step
542) and the process 500 returns to step 508 to resend
the WDS packet. [0035]If either the retransmission
count exceeds the retransmission limit or the
transmission timp count exceeds the transmission time
limit, the source node discards the WDS packet (step
544). The source node may initiate a procedure to find
a channel on which the destination node camps (step
546). [0036]The AN message may be sent either
explicitly or implicitly. With an explicit signaling
mechanism, the AN message may be sent through any
information field or element, or through a signaling
frame or procedure, which is currently existing or
will be developed in the future. The AN message may be
sent via an information field or information element
which is attached to, or part of, either, a new or a
conventional Li or L2 signaling frame. Alternatively,
the AN message may be sent via a stand-alone Li or L2
signaling frame. The frame may be a data frame, a
control frame, an action frame, a nun agement frame,
or any other type of frame, and may be a unieast
frame, a broadcast frame or a multieast frame.  [0037]
The AN message may be sent via a special bit field
calving an assigned meaning in the context of the
present invention. The special bit field may be a part
of a preamble, a header or a data portion of the
frame. Preferably, the special bit field is one of the
currently reserved bit fields of the frame header. -7-
10038]The AN message may indicate either
unavailability or availability. The AN message
indicating unavailability indicates that the source
node will not be able to receive a packet on the
channel used within the group for a certain period of
time indicated by the AN message or until another AN
message indicating availability of the source node is
sent. The AN message indicating availability indicates
that the source node is now ready to receive a packet
on the channel used within the group. 



[00391The AN message may further include at least one
of the following type of information:             1) a
schedule for which packets should or should not be
sent to the source node sending the AN message, (i.e.
a start time, end time, time intervals, periodicity,
or a combination of these);             2) whether or
not the desti nation nodes are asked to wait until
they receive an AN message indicating availability, or
whether or not the destination nodes must wait until
the expiration of a time period indicated by the AN
message; and             3) frequency information
regarding the source node's planned activities during
the off-channel period. [0040]The AN message may be
sent in an on-demand basis by the source node. The
source node sends an AN message when the source node
knows that there are packets to send to the
destination node. Alternatively, the source node may
announce a schedule of planned upcoming off-channel
time periods. Instead of sending an AN message every
time traffic to be transmitted to the destination node
arrives, the source node pre-determines that some time
periods in the future will be devoted (reserved) to
transmitting packets to the destination node even if
these packets are not available yet for transmission.
The approach has an advantage of less signaling
overhead. [0041]The AN message may be sent implicitly.
With an implicit signaling mechanism, the source node
intending to go off-channel uses any conventional
signaling frames or procedures to prevent other
associated nodes in the BSS from sending a packet to
the source node during the off-channel period.
Examples of the 



implicit signaling mechanism include, but are not
limited to, sending a clear-tosend (OTS) frame to
self, (i.e., the source node), sending a contention
free period (OFP) reservation frame not polling any
STA and sending a hybrid coordination function (HOF)
controlled channel access (HOOA) frame not polling any
STA.       Figure 6 is a block diagram of a INTRU 600
configured in accordance with the present invention.
The WTRU 600 includes a controller 602 and a
transceiver 604. The transceiver 604 sends a packet
via one of a plurality of channels. The controller 602
is configured to send an (AN) message to at least one
associated WTRU via the channel used in the BSS of the
WTRU and send a packet to a destination WTRU via a
second channel on which the destination WTRU camps.
Although the features and elements of the present
invention are described in the preferred embodiments
in particular combinations, each feature or element
can be used alone without the other features and
elements of the preferred embodiments or in various
combinations with or without other features and
elements of the present invention.  THE CLAIMS
DEFINING THE INVENTION ARE AS FOLLOWS:  1. A method of
exchanging a message via a wireless distribution
system (WDS) between basic service sets (BS5s)
operating on different frequencies, the method
including:       a source wireless transmit/receive
unit (WTRU) sending an availability notification (AN)
message to at least one associated WTRU to indicate
that the source WTRU will not be available to receive
data via a first channel used by the source WTRU and
the associated WTRU;       the source VVTRU accessing
a second channel on which a destination WTRU listens
to in order to wirelessly transmit a message to the
destination WTRU located in a different BSS;       the
source WTRU sending a packet to the destination VVTRU
via the second channel; and 



the source WTRU reverting back to the first channel.
2. The method of claim 1 further including:       the
source WTRU determining whether there is a common
channel which both the source 1NTRU and the
destination WTRU listen to , whereby the source WTRU
sends the (AN) message only if there is no common
channel.  3. The method of claim 2 further including:
if there is a common channel, the source WTRU
accessing the common channel; and       the source
WTRU sending the packet to the destination WTRU via
the common channel.  4. The method of claim 3 further
including:       the source WTRU determining whether
an acknowledgement (ACK) has been received for the
packet;       if there is no ACK received, the source
WTRU deterrnining whether a retransmission count
exceeds a retransmission limit and a transmission time
count exceeds a transmission time limit; and
if both the retransmission count exceeds the
retransmission limit and the transmission time count
exceeds the transmission time limit, the source WTRU
discarding the packet. 



5. The method of claim 4 further including:        if
both the retransmission count does not exceed the
retransmission limit and the transmission time count
does not exceed the transmission time limit, the
source VVTRU resending the packet while increasing the
retransmission count. 6. The method of claim 1 further
including:       the source VVTRU determining whether
an acknowledgement (ACK) has been received for the
packet;        if there is no ACK received, the source
WTRU determining whether a retransmission count
exceeds a retransmission limit and a transmission time
count exceeds a transmission time limit; and       if
both the retransmission count exceeds the
retransmission limit and the transmission time count
exceeds the transmission time limit, the source WTRU
discarding the packet. 7. The method of claim 6
further including:       if both the retransmission
count does not exceed the retransmission limit and the
transmission time count does not exceed the
transmission time limit, the source WTRU resending the
packet while increasing the retransmission count.  8.
The method of claim 1 wherein the (AN) message is
included in one of a control frame, an action frame, a
management frame and a data frame.  9. The method of
claim 8 wherein the (AN) message is included in one of
a 



broadcast frame, multicast frame and a unicast frame.
10. The method of claim 8 wherein the (AN) message is
included in one of a header, preamble and data portion
of the frame.   11. The method of claim 1 wherein the
(AN) message indicates a time period that the
associated WTRU should not send data to the source
WTRU.  12. The method of claim 1 wherein the (AN)
message indicates that the associated WTRU should not
send data until another (AN) message is sent to
indicate that the source WTRU is available to receive
data.  13. The method of claim 1 wherein the (AN)
message includes information regarding the source
WTRU's planned activities during the period that the
source WTRU is not available to receive data.  14. The
method of claim 1 wherein the (AN) message is sent
implicitly to prevent the associated WTRU from sending
a packet to the source WTRU.  15. The method of claim
14 wherein the source WTRU sends a clear-to-send (CTS)
frame to the source WTRU.  16. The method of claim 14
wherein the source WTRU sends a contention free period
(CFP) reservation frame which does not poll any WTRU.
17. The method of claim 14 wherein the source WTRU
sends a hybrid coordination function (HCF) controlled
channel access (HCCA) frame which does not poll any
WTRU.  18. The method of claim 1 wherein the source
VVTRU sends the (AN) message when data to be
transmitted to the destination WTRU is available. 



19. The method of claim 1 wherein the source WTRU
announces a schedule for planned upcoming off-channel
time periods, whereby the source WTRU sends the (AN)
message and accesses the second channel in accordance
with the schedule.   20. A wireless transmit/receive
unit (WTRU) for exchanging a message via a wireless
distribution system between basic service sets (BSSs)
operating on different frequencies, the WTRU
including: a transceiver for sending a packet via one
of a plurality of channels; and       a controller
configured to send an availability notification (AN)
message to at least one associated WTRU via a first
channel which the associated WTRU listens to to
indicate that the VVTRU will not be available to
receive data, and send a packet wirelessly to a
destination WTRU located in a different BSS via a
second channel which the destination WTRU listens to..
21. The WTRU of claim 20 wherein the controller is
configured to determine whether there is a common
channel with the destination WTRU, whereby the
controller sends the (AN) message only if there is no
common channel.  22. The WTRU of claim 21 wherein the
controller is configured to send the packet to the
destination WTRU via the common channel if there is a
common channel.  23. The WTRU of claim 22 wherein the
controller is configured to determine whether an
acknowledgement (ACK) has been received for the
packet, if there is no ACK received, determine whether
a retry count exceeds a retry limit and a time count
exceeds a time limit, and if both the retry count
exceeds the retry limit and the time count exceeds the
time limit, discard the packet.  24. The WTRU of claim
23 wherein the controller is configured to resend the
packet while increasing the retry count if both the
retry count does not exceed the retry limit and the
time count does not exceed the time limit.  25. The
VVTRU of claim 20 wherein the controller is configured
to determine whether an acknowledgement (ACK) has been
received for the packet, if there is no ACK received,
determine whether a retry count exceeds a retry limit
and a time count exceeds a time limit, and if both the
retry count exceeds the retry limit and the time count
exceeds the time limit, discard the packet.  



26. The WTRU of claim 25 wherein the controller is
configured to resend the packet while increasing the
retry count if both the retry count does not exceed
the retry limit and the time count does not exceed the
time limit.  27. The WTRU of claim 20 wherein the (AN)
message is included in one of a control frame, an
action frame, a management frame and a data frame.
28. The WTRU of claim 27 wherein the (AN) message is
included in one of a broadcast frame, multicast frame
and a unicast frame.  29. The WTRU of claim 27 wherein
the (AN) message is included in one of a header,
preamble and data portion of the frame.  30. The WTRU
of claim 20 wherein the (AN) message indicates a time
period that the associated WTRU should not send data
to the source WTRU.  31. The VVTRU of claim 20 wherein
the (AN) message indicates that the associated WTRU
should not send data until another (AN) message is
sent to indicate that the source WTRU is available to
receive data.  32. The WTRU of claim 20 wherein the
(AN) message includes information regarding the WTRU's
planned activities during the period that the WTRU is
not available to receive data.  33. The WTRU of claim
20 wherein the (AN) message is sent implicitly to
prevent the associated WTRU from sending a packet to
the WTRU.  34. The WTRU of claim 33 wherein the
controller is configured to send a clearto-send (CTS)
frame to the WTRU.  35. The WTRU of claim 33 wherein
the controller is configured to send a contention free
period (CFP) reservation frame which does not poll any
WTRU.  



36. The WTRU of claim 33 wherein the controller is
configured to send a hybrid coordination function
(HCF) controlled channel access (HCCA) frame which
does not poll any WTRU.  37. The WTRU of claim 20
wherein the WTRU is an access point (AP).  38. The
VVTRU of claim 20 wherein the WTRU is a mobile station
(STA).  39. The WTRU of claim 20 wherein the
controller sends the (AN) message as when data to be
transmitted to the destination WTRU is available.  40.
The WTRU of claim 20 wherein the controller announces
a schedule for planned upcoming off-channel time
periods, whereby the controller sends the (AN) message
and accesses the second channel in accordance with the
schedule.  41. The method of claim 1 and substantially
as hereinbefore described with reference to the
accompanying figures.  42. The WTRU of claim 20 and
substantially as hereinbefore described with reference
to the accompanying figures. 0 


