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(57) ABSTRACT 
Disclosed herein are exemplary techniques for the commu 
nication of information in a wireless system by using multiple 
wireless channels. A direct link between two or more wireless 
devices may be established by performing a direct link setup 
between two or more wireless devices using an access point, 
where the direct link setup is conducted over a base channel 
and the direct link is established on a parallel channel. The 
two or more wireless devices may switch to the parallel 
channel and use the established direct link to communicate 
information directly without the access point as an interme 
diary. In anticipation of a predetermined event, Such as the 
transmission of a delivery traffic indication map (DTIM) 
beacon frame by the access point, the two or more wireless 
devices may switch back to the base channel so that uplink, 
downlink and/or peer-to-peer information may be transmitted 
and/or received. 
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EVENT-BASED MULTICHANNEL DIRECT 
LINK 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of U.S. patent 
application Ser. No. 10/353.391 filed Jan. 29, 2003, now U.S. 
Pat. No. 6,791.962, issued Sep. 14, 2004, which also claims 
benefit of U.S. Provisional Application No. 60/388,569, filed 
Jun. 12, 2002, entitled “Direct Link Protocol In Wireless 
Local Area” and also claims benefit of U.S. patent application 
Ser. No. 60/515,701 filed Oct. 31, 2003 and entitled “Loca 
tion Awareness in Wireless Networks, the disclosures of 
which are hereinincorporated by reference in their entireties. 

Notice. More than one reissue application has been filed 
for the reissue of U.S. Pat. No. 7,251,235. The reissue appli 
cations are application Ser: Nos. 1 2/460,974 (the parent of 
present application), and 13/351,588 (the present applica 
tion). 

This application is a continuation reissue of U.S. Ser: No. 
12/460,974, filed Jul. 27, 2009, now U.S. Pat. No. Re 43,127, 
granted Jan. 24, 2012, which is a reissue application of 
10/880,370 filed Jun. 30, 2004, issued as U.S. Pat. No. 7,251, 
235, which claims benefit of U.S. Provisional Application Ser: 
No. 60/515,701 filed Oct. 31, 2003, entitled "Location 
Awareness in Wireless Networks,' and is a continuation-in 
part of U.S. patent application Ser: No. 10/353,391 filed Jan. 
29, 2003, now U.S. Pat. No. 6,791,962, issued Sep. 14, 2004, 
which claims benefit of U.S. Provisional Application No. 
60/388,569, filed Jun. 12, 2002, entitled "Direct Link Proto 
col In Wireless Local Area,' the disclosures of which are 
herein incorporated by reference in their entireties. 
The present invention is also related to U.S. patent appli 

cation Ser. No. 10/880,367 filed concurrently herewith and 
entitled “Direct Link Relay In a Wireless Network.” U.S. 
patent application Ser. No. 10/880,367 filed concurrently 
herewith and entitled “Link Margin Notification Using 
Return Frame.” U.S. patent application Ser. No. 10/880,325 
filed concurrently herewith and entitled “Time-Scheduled 
Multichannel Direct Link, all claiming benefit of U.S. Pro 
visional Application No. 60/515,701 filed Oct. 31, 2003, the 
entireties of which are incorporated by reference herein. 

FIELD OF THE INVENTION 

The present invention relates generally to wireless commu 
nications between wireless devices and more particularly to 
utilizing multiple wireless channels to communicate infor 
mation. 

BACKGROUND OF THE INVENTION 

Various wireless standards, such as the Institute of Electri 
cal and Electronics Engineers (IEEE) standards 802.11a/b/ 
c/e/g/i (referred to collectively as IEEE 802.11), provide for 
wireless connectivity between wireless devices, such as, for 
example, between a wireless station and an access point con 
nected to an infrastructure network. In conventional wireless 
standards, the communication of information between peer 
wireless devices typically is routed through the access point. 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
To illustrate, to communicate information between a first 
wireless device and a second wireless device, the first wire 
less device wirelessly transmits one or more frames of infor 
mation to the access point, where the frames designate the 
second wireless device as their destination. The access point 
then modifies the headers of the frames and transmits them for 
reception by the second wireless device. 
The process of using the access point as an intermediary 

has a number of drawbacks. For one, the communication of 
information is delayed by routing it through the access point. 
Moreover, the wireless channel used by the wireless devices 
and access point to communicate information (also referred 
to as the “base' channel) may be crowded with traffic from 
other wireless devices similarly seeking to transmit informa 
tion via the access point. As a result, access contention 
mechanisms often are implemented, which typically results 
in additional delay. 

Accordingly, an improved technique for communicating 
information between wireless devices would be advanta 
geous. 

SUMMARY OF THE INVENTION 

The present invention mitigates or solves the above-iden 
tified limitations in known solutions, as well as other unspeci 
fied deficiencies in known solutions. A number of advantages 
associated with the present invention are readily evident to 
those skilled in the art, including economy of design and 
resources, transparent operation, cost savings, etc. 
The present invention is directed to a method of commu 

nicating information directly between the first and second 
wireless devices in a wireless network including an access 
point logically connected to at least a first wireless device and 
a second wireless device. 
A further aspect of this invention is a method, in a wireless 

network including an access point operably connected to at 
least a first wireless device and a second wireless device, of 
providing information between the access point and at least 
one of the first and second wireless devices via a first channel 
for at least a portion of a first period, providing a channel 
change request from the first wireless device to the second 
wireless device on the first channel, providing an affirmative 
response to the channel change request from the second wire 
less device to the first wireless device on the first channel, 
Switching the second wireless device to a second channel 
Subsequent to the receipt of the acknowledgement to the 
provision of the affirmative response to the channel change 
request, Switching the first wireless device to the second 
channel Subsequent to the transmission of the acknowledge 
ment to the receipt of the affirmative response to the channel 
change request; and communicating information directly 
between the first and second wireless devices via the second 
channel for at least a portion of a second period. 
A further aspect of this invention is a wireless device, in a 

wireless network having an access point, including a trans 
ceiver, and a direct link module operably connected to the 
transceiver and adapted to facilitate an establishment of a 
wireless direct link between the wireless device and another 
wireless device via a second channel, communicate informa 
tion with the other wireless device via the wireless direct link 
for at least a portion of a first period, switch the transceiver 
from the first channel to a second channel in anticipation of a 
predetermined event; and communicate information with the 
access point via second channel for at least a portion of a 
second period. 
A further aspect of this invention is a wireless system 

including an access point and at least a first wireless device 
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and a second wireless device. The first wireless device and a 
second wireless device are adapted to communicate informa 
tion via a wireless direct link on a first channel during at least 
a portion of a first period, Switch to a second channel in 
anticipation of a predetermined event; and communicate 
information with the access point on the second channel 
during at least a portion of a second period. 

Still further features and advantages of the present inven 
tion are identified in the ensuing description, with reference to 
the drawings identified below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The purpose and advantages of the present invention will 
be apparent to those of ordinary skill in the art from the 
following detailed description in conjunction with the 
appended drawings in which like reference characters are 
used to indicate like elements, and in which: 

FIG. 1 is a schematic diagram illustrating an exemplary 
wireless system having multiple channels for communicating 
information between wireless devices is illustrated in accor 
dance with at least one embodiment of the present invention. 

FIG. 2 is a chart illustrating an exemplary event-based 
channel switch process for the wireless devices of FIG. 1 in 
accordance with at least one embodiment of the present 
invention. 

FIG. 3 is a schematic diagram illustrating an exemplary 
wireless device in greater detail in accordance with at least 
one embodiment of the present invention. 

FIG. 4 is a flow diagram illustrating an exemplary method 
for establishing a wireless direct link on a parallel channel in 
accordance with at least one embodiment of the present 
invention. 

FIG. 5 is a flow diagram illustrating an exemplary event 
based channel Switch process in accordance with at least one 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The following description is intended to conveya thorough 
understanding of the present invention by providing a number 
of specific embodiments and details involving the communi 
cation of information using multiple wireless channels. It is 
understood, however, that the present invention is not limited 
to these specific embodiments and details, which are exem 
plary only. It is further understood that one possessing ordi 
nary skill in the art, in light of known systems and methods, 
would appreciate the use of the invention for its intended 
purposes and benefits in any number of alternative embodi 
ments, depending upon specific design and other needs. 

For ease of illustration, the various techniques of the 
present invention are discussed below in the context of IEEE 
802.11-based wireless networking. However, those skilled in 
the art, using the teachings provided herein, may advanta 
geously implement the disclosed techniques in other wireless 
networks. Accordingly, reference to techniques and compo 
nents specific to IEEE 802.11, such as an 802.11-specific 
frame format or a series of transmissions specific to 802.11, 
applies also to the equivalent technique or component in other 
wireless network standards unless otherwise noted. More 
over, various actions standard to IEEE 802.11 and other wire 
less standards, such as, for example, the transmission of an 
ACK frame to acknowledge receiptofa frame, are omitted for 
ease of discussion. 

Referring now to FIG.1, an exemplary wireless system 100 
employing one or more exemplary event-based channel 
Switching techniques disclosed herein is illustrated in accor 
dance with at least one embodiment of the present invention. 
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4 
The system 100 incorporates a general wireless network 
topology described in IEEE 802.11 and other wireless stan 
dards wherein a plurality of wireless devices 102, 104 are 
associated with at least one access point 106. The wireless 
devices 102, 104 include devices enabled to communicate 
wirelessly using one or more protocols. Such protocols may 
include, for example, the IEEE 802.11 protocols (802.11a/b/ 
e/g/i), ANSI, Hyperlan, etc. Examples of wireless devices 
may include notebook (or "laptop') computers, handheld 
computers, desktop computers, workstations, servers, por 
table digital assistants (PDAs), cellular phones, audio/visual 
(A/V) consoles, gaming consoles, televisions or other dis 
plays, etc. To illustrate, the system 100 may include, for 
example, a multimedia system having one or more displays, 
audio/video components (e.g., a digital video disc (DVD) 
player or a compact disc (CD) player), Sound systems, video 
game consoles, and the like, where each of these components 
may be wirelessly connected to a central console acting in the 
capacity of the access point 106. 
The access point 106 may be connected to an infrastructure 

network 108 or other network, such as, for example, the 
Internet, a local area network (LAN), a wide area network 
(WAN), and the like. Thus, wireless devices 102, 104 may 
communicate with one or more networked devices on an 
infrastructure network via the access point 106. Moreover, the 
wireless devices 102, 104 may communicate with each other 
via conventional wireless links 112,114 with the access point 
106 or, as discussed in greater detail below, via a wireless 
direct link 110 between the wireless devices 102, 104 and 
optionally other wireless devices. Exemplary techniques for 
establishing and maintaining a wireless direct link are 
described below and in U.S. patent application Ser. No. 
60/515,701, and U.S. patent application Ser. No. 60/388.569 
the entirety of which is incorporated by reference herein. 

In a conventional wireless network, information is com 
municated between wireless devices via an access point. A 
transmitting wireless device transmits the information to the 
access point on a base channel. The access point then pro 
cesses the information, such as by changing the headers of 
one or more frames representing the information, and for 
wards the information to the receiving wireless device on the 
base channel. This use of the access point as the intermediary 
results in a delay in the overall transmission time for the 
information, as well as crowds the base channel because two 
transmissions take place, rather than one. Moreover, these 
transmissions may have been further delayed due to conges 
tion on the base channel by other transmitting devices. Fur 
thermore, the distances to the access point may be much 
larger than the distance between the communicating devices, 
which allows the communicating devices to use much higher 
data rates on direct communications. 

Accordingly, the present invention provides techniques for 
enabling wireless devices to communicate information 
directly without use of the access point, while still permitting 
the transfer of information from the access point to the wire 
less devices, and vice versa. In at least one embodiment, 
conventional wireless links 112, 114 between the access point 
106 and the wireless devices 102, 104, respectively, may be 
used to initiate, establish and maintain a wireless direct link 
110 between the wireless devices 102, 104. The wireless 
direct link 110 preferably is shifted to a parallel wireless 
channel (i.e., separate from the base channel) so that the 
transmission of information via the direct link 110 is not 
significantly impaired by traffic on the base channel, and vice 
WSa. 
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Additionally, in at least one embodiment, the wireless 
devices 102,104 may be configured to switchback to the base 
channel or other wireless channel to receive buffered down 
link information or peer-to-peer information from the access 
point 106 or to transmit uplink information or peer-to-peer 
information to the access point 106, for example. The switch 
between the parallel channel and the base channel may occur 
in anticipation of a predetermined event, such as the periodic 
transmission of a delivery traffic indication map (DTIM) 
beacon frame by the access point 106, or the switch from the 
parallel channel to the base channel, or vice versa, may be 
initiated by either of the wireless devices 102, 104. 

Referring now to FIG. 2, a chart 200 depicting an exem 
plary event-based channel Switching process is illustrated in 
accordance with at least one embodiment of the present 
invention. The ordinate 202 of the chart 200 represents time, 
whereas the abscissa 204 represents at least a portion of the 
frequency bandwidth in which the system 100 operates. In the 
illustrated example, base channel 206 represents the wireless 
channel used by the access point 106 to communicate with the 
wireless devices 102, 104, and vice versa. Parallel channel 
208 represents a channel used by wireless devices 102,104, to 
shift wireless direct link 110 to. 
To illustrate, transmission period 210 may represent a 

direct link handshake period conducted on the base channel 
206 to initiate and establish the direct link 110 on the parallel 
channel 208 for direct transmission of information between 
the wireless devices. An exemplary process for initiating and 
establishing a direct link 110 on a parallel channel is 
described in greater detail below with reference to FIG. 4. The 
direct link 110 may be established on parallel channel 208 for 
any of a variety of reasons, such as to reduce bandwidth 
congestion by using multiple channels to transmit informa 
tion or to reduce latency in the transmission of information 
between the wireless devices 102,104. After establishing the 
direct link 110 on parallel channel 208, the wireless devices 
102, 104 switch to parallel channel 208 at or around time t. 
The Subsequent transmission period 212 may representatime 
period wherein information may be communicated between 
the wireless devices 102, 104 via the direct link 110 on par 
allel channel 208. To inform the access point about the tem 
porary absence from the base channel, the wireless devices 
102 and 104 transmit a frame to the access point with the PM 
bit set, to indicate to the access point that they cannot be 
reached. In reality, the nodes are on the parallel channel and 
are most likely not in power save, but there is no difference 
from the viewpoint of the access point because the wireless 
nodes cannot be reached in either case. The access point will 
buffer traffic for these nodes in separate power save queues, 
for later delivery. 

Although the wireless devices 102, 104 may directly com 
municate information via the direct link 110 on parallel chan 
nel 208, the wireless devices 102, 104 may need to return to 
the base channel 206 or another channel on a periodic basis in 
order to receive information from the access point 106 or 
other wireless device and/or to provide uplink information to 
the access point 106 or peer wireless devices. To illustrate, the 
wireless devices 102, 104 may be unable to receive informa 
tion from the access point 106 while their transceivers are 
tuned to the parallel channel 208 during transmission period 
212. Accordingly, the access point 106 may buffer informa 
tion intended for the wireless devices 102, 104 during the 
transmission period 212. As detailed in many wireless stan 
dards, access points typically periodically transmit informa 
tion that indicates that the access point has buffered informa 
tion for one or more wireless devices associated with the 
access point. For example, IEEE 802.11 provides for the 
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6 
periodic transmission of a delivery traffic indication map 
(DTIM) beacon frame every DTIM period or at a target bea 
contransmission time (TBTT). The traffic indication map of 
the DTIM beacon frame indicates which wireless devices 
have information buffered at the access point. 

Thus, in one embodiment, wireless devices 102, 104 
switch back to the base channel 206 in anticipation of a 
predetermined event 220 (occurring, for example, at time t), 
where the predetermined event 220 may include, for example: 
the transmission of buffered information, broadcast and/or 
multicast information by the access point 106 on the base 
channel 206; the transmission of an indication of buffered 
information by the access point 106, Such as, for example, a 
DTIM beacon frame; and the like. In this instance, the wire 
less devices 102, 104 may use the indication of buffered 
information to determine whether they have information buff 
ered at the access point 106 and then may request this infor 
mation from the access point 106 using, for example, a Power 
Save (PS)-Poll frame. Thus, the transmission period 214 may 
represent the transmission of multicast, broadcast, and buff 
ered unicast information from the access point 106 to the 
wireless devices 102, 104, the transmission of uplink infor 
mation from the wireless devices 102, 104 to the access point 
106, the transmission of peer-to-peer information between 
the wireless devices 102,104 and other wireless devices, and 
the like. 
At or about time t, the wireless devices 102, 104 may 

switch back to parallel channel 208 and continue communi 
cating information directly via the direct link 110 during 
transmission period 216. Alternatively, the wireless devices 
102, 104 may initiate, establish and use a wireless direct link 
on a different channel In either instance, the wireless devices 
102, 104 may switch back to the base channel 206 in antici 
pation of another predetermined event 222, e.g., the transmis 
sion of another DTIM map, at or around time t. Once 
switched to the base channel 206, information between the 
access point 106, the wireless devices 102, 104 and/or other 
wireless devices may be communicated as described above 
during transmission period 218. The process of Switching 
between channels to alternatively transmit information over a 
direct link on one channel and communicate with the access 
point 106 or other wireless device on another channel may 
continue for any number of cycles as appropriate. Note that 
the direct link can always be used, irrespective of whether the 
wireless devices 102 and 104 reside on the parallel channel or 
on the base channel. 

Referring now to FIGS. 3-5, an exemplary configuration 
for wireless devices 102, 104 (illustrated as wireless device 
302), as well as exemplary methods 400 and 500 of its opera 
tion are illustrated in accordance with at least one embodi 
ment of the present invention. Although certain actions are 
attributed to either wireless device 102 or wireless device 104 
for ease of reference, those skilled in the art will appreciate 
that some or all of these actions may be performed by either 
wireless device 102 or wireless device 104. 

In the illustrated example of FIG.3, the wireless device 302 
(representative of either wireless device 102 or 104) includes 
at least a transceiver 304 for transmitting and/or receiving 
signals representing information, one or more processors 306 
and protocol stacks 308 for processing and otherwise prepar 
ing information for transmission via the transceiver 304, as 
well as for processing information received via the trans 
ceiver 304. The wireless device 302 further may include a 
multiple channel direct link (MCDL) module 310 for initiat 
ing, establishing, and maintaining a one or more wireless 
direct links on one or more channels, communicating infor 
mation via the one or more wireless direct links, Switching 
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between channels as appropriate, and other various actions 
described in detail herein. The MCDL module 310 may be 
implemented as Software, hardware, firmware, or a combina 
tion thereof. To illustrate, the MCDL module 310 may be 
implemented as a software component of the protocol stack 
308, as a separate software program or module executed by 
the processor 306, or as a software or hardware component 
implemented as part of the transceiver 304. 

Referring now to FIG. 4, an exemplary method 400 for 
initiating and establishing a wireless direct link on a separate 
channel is illustrated in accordance with at least one embodi 
ment of the present invention. To initiate a direct link on a 
channel other than the base channel used by the AP 106, one 
of the wireless devices 102, 104 (device 102 in this example) 
may transmit a setup request frame to the access point 106 on 
the base channel for forwarding to the wireless device 104 at 
step 402, where the setup request frame represents an invita 
tion or proposal to establish a direct link on another channel. 
To this end, the setup request frame may include a channel 
information element (CIE) (e.g., in the payload of the frame), 
where the CIE may include one or more indicators associated 
with a proposed channel. Such as, for example, the center 
frequency and channel width of the proposed channel or a low 
frequency and a high frequency of the proposed channel. The 
proposed channel may be selected at random, or, in one 
embodiment, the wireless device 102 may scan one or more 
potential channels for traffic and select a channel having 
relatively little or no traffic as the proposed channel. 
The setup request may be encapsulated inside a regular 

data frame, using LLC encapsulation. This method is 
described in more detail in U.S. patent application Ser. No. 
60/515,701, which has been referenced before. Security cre 
dentials may also be included inside the setup frames. Due to 
the encapsulation in a regular data frame, any access point 
will forward the frame to the ultimate destination without 
processing the data portion, irrespective of whether the access 
point knows about this protocol or not. The LLC encapsula 
tion effectively creates a transparent tunnel through the 
access point. 
The access point 106 may process the setup request frame 

as necessary and forward the setup request frame to the wire 
less device 104 at step 404. Access points will usually forward 
this data frame without additional processing of the payload. 
Upon receipt of the setup request frame, the wireless device 
104 may consider the proposal to establish a direct link on the 
proposed channel. If acceptable, the wireless device 104 may 
transmit an affirmative setup response frame to the access 
point 106 on the base channel for forwarding to the wireless 
device 102 at step 406. If the proposal to establish a direct link 
is acceptable but the proposed channel is not (because, for 
example, the wireless device 104 cannot operate at the pro 
posed frequency), the wireless device 104 may transmit a 
conditional setup response frame to the access point 106 on 
the base channel for forwarding to the wireless device 102. 
The conditional setup response frame may include a proposal 
for an alternate channel for consideration by the wireless 
device 102. 

If the proposal to establish a direct link is unacceptable 
(e.g., the wireless device 104 does not have a multiple channel 
direct link capability), the wireless device 104 may transmit a 
negative setup response frame to the wireless device 102 
indicating that the wireless device 104 has declined to par 
ticipate in a direct link with the wireless device 102. In this 
instance, the wireless device 102 may attempt to set up a 
direct link 110 on the base channel or it may cease attempts to 
establish a direct link 110 with the wireless device 104. In at 
least one embodiment, the setup response frame includes an 
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8 
agreed/denied/conditional field that may be used to indicate 
whether the setup response is affirmative, negative or condi 
tional. If the responding device does not support direct link, it 
may not recognize the multi channel capability (i.e. the CIE 
element), and it may respond with a response message that 
does not include a multi channel capability element (i.e. the 
CIE element). In this way, a direct link may still be set up, but 
possibly without the option of being shifted to another chan 
nel. 

If the setup response frame is affirmative or conditional, the 
setup response frame may further include an indication that 
the wireless device 104 is entering a sleep mode or power 
saving mode whereby the access point 106 is to buffer all 
information intended for the wireless device 104 until the 
access point 106 is polled for the buffered information. The 
power-saving mode indicator may include, for example, a 
power management (PM) bit set or cleared in the header of the 
setup response frame. Upon receipt of the setup response 
frame, the access point 106 preferably enacts the buffering 
mechanism if so directed by the power-saving mode indicator 
and forwards the setup response frame to the wireless device 
102 at step 408. 

If the setup response frame is an affirmative response, the 
wireless device 102 may transmit a setup confirm frame to the 
access point 106 for forwarding at step 410. If the response is 
conditional upon acceptance of the use of the channel pro 
posed by the wireless device 104, the wireless device 102 may 
determine whether this proposed channel is acceptable. If so, 
the wireless device 102 may transmit the setup confirm frame 
at step 410. If the response is negative, the wireless device 102 
preferably ceases any attempts to establish a direct link. As 
with the setup response frame, the setup confirmation frame 
may include an indication (e.g., a set PMbit) that the wireless 
device 102 is entering a sleep mode or power-saving mode 
and information intended for the wireless device 102 should 
be buffered at the access point 106. Upon receipt of the setup 
confirm frame, the access point 106 may activate the buffer 
ing mechanism and forward the setup confirm frame to the 
wireless device 104 on the base channel at step 412. 
Upon transmitting the setup confirm frame at step 410, in 

one embodiment, the wireless device 102 switches its trans 
ceiver 304 to the agreed-to channel and waits for the arrival of 
the wireless device 104 at step 414. Likewise, the wireless 
device 104 switches its transceiver 304 to the proposed chan 
nel upon receipt of the setup confirm frame at step 416. To 
announce its presence on the proposed channel, the wireless 
device 104 may transmit an announcement frame on the 
proposed channel directly to the wireless device 102 at step 
418. At this point, the direct link 110 may be considered to be 
established and the wireless devices 102,104 may initiate the 
communication of information on the parallel channel via the 
direct link 110 at step 420. 

In another embodiment, devices 102 and/or 104 do not set 
the PM bit on the direct link handshake frames, but separate 
frames with the PM bit set are transmitted instead. These 
frames may be Null frames or regular data frames. Shifting 
the direct link to another channel is postponed until after the 
transmission of these separate PM frames. Shifting the direct 
link may be accomplished by a permanent or temporary chan 
nel switch, which are discussed in detail below. The direct 
link handshake may still include a multi channel capability or 
a set of supported channels to which the direct link could be 
transferred. 

There may be a delay between when the wireless device 
102 switches to the parallel channel and when the wireless 
device 104 Switches. In one embodiment, the wireless device 
102 may use this waiting period to scan the parallel channel to 
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listenfortraffic on the parallel channel. The arrival of wireless 
device 104 may be announced by the transmission of a first 
frame, which opens the direct link on the new channel. If the 
scan reveals that there is excessive traffic, the wireless device 
102 may suspend or cancel the direct link by transmitting, for 
example, a slow resumption mode (SRM) frame or a fast 
resumption mode (FRM) frame, or the wireless device 104 
may transmit a channel Switch request to the wireless device 
104 once the wireless device 104 has switched to the parallel 
channel, where the channel Switch request represents a pro 
posal to switch the direct link to another parallel channel. 
Permanent and temporary channel Switch requests are dis 
cussed in detail below. 

During the direct link setup phase described above, peer 
to-peer traffic through the access point is preferably is tem 
porarily Suspended to avoid any reordering of frames waiting 
at the access point 106. As noted above, the wireless devices 
102,104 may use a power-saving mode indicator, Such as, for 
example, the PM bit, to notify the access point 106 that the 
devices 102, 104 are entering a power-save mode and there 
fore directing the access point 106 to buffer downlink data 
until it is requested from the wireless devices via, for 
example, power mode-poll (PM-Poll) frames as described by 
IEEE 802.11. 

Referring now to FIG. 5, an exemplary event-based chan 
nel switch process 500 is illustrated in accordance with at 
least one embodiment of the present invention. In the illus 
trated example, the method 500 initiates at steps 502A and 
502B wherein the wireless devices 102, 104 Switch from the 
parallel channel (established using method 400 of FIG.4, for 
example) to the base channel of the access point 106 in 
anticipation of, or in preparation for, a predetermined event. 
In the illustrated example, the predetermined event includes 
the transmission of a DTIM beacon frame at steps 504A, 
504B. As described above, DTIM beacon frames typically are 
transmitted substantially periodically (i.e., every DTIM bea 
con interval) and include a bitmap that indicates which wire 
less devices have information buffered at the access point 
106. Thus, it generally is desirable for the wireless devices 
102, 104 to switch to the base channel to receive the DTIM 
beacon frames so that the wireless devices 102, 104 may 
determine whether there is information waiting for them at 
the access point 106. Accordingly, the wireless devices 102. 
104 preferably switch to the base channel slightly before the 
DTIM beacon is scheduled to be transmitted to help ensure 
that the wireless devices 102, 104 are switched to the base 
channel intime to receive the DTIM beacon frame. Moreover, 
the wireless devices 102,104 may remain on the base channel 
after receiving the DTIM beacon frame the transmission of 
broadcast and multicast information (steps 506A and 506B) 
typically follows the transmission of a DTIM beacon frame. 

In at least one embodiment, the wireless devices 102, 104 
are configured to Switch back to the parallel channel at steps 
508A and 508B after receiving the DTIM beacon frame and 
any multicast/broadcast information. If one or both of the 
wireless devices 102, 104 determine that they have buffered 
information at the access point 106 using the DTIM beacon 
frame, the wireless device (device 102 in this example) may 
transmit a permanent channel Switch (PCS) request frame on 
the parallel channel with a request to switch back to the 
parallel channel to the other wireless device at step 510. In 
this case, the PCS request frame represents a request to switch 
to a proposed channel and includes one or more indicators of 
the proposed channel. Such as, for example, the center fre 
quency and channel width or a low frequency and a high 
frequency for the proposed channel. If the proposed channel 
switch is acceptable to the receiving wireless device (device 
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104 in this example), the receiving wireless device sends an 
affirmative PCS response frame on the parallel channel at step 
512. If the proposed channel switch is unacceptable (e.g., the 
receiving wireless device cannot operate at the proposed fre 
quency), the receiving wireless device may transmit a condi 
tional PCS response frame having an alternate proposed 
channel or a negative PCS response frame if no alternate 
channel is acceptable. If conditional, the wireless devices 
102, 104 negotiate an channel acceptable to both wireless 
devices 102, 104 or if negative, the wireless devices 102, 104 
may cease communicating on the parallel channel and return 
to the base channel. 

In another embodiment, a parallel channel may have been 
agreed upon during the setup phase and the PCS request may 
not contain an explicit channel information element. The 
receipt of a PCS request simply indicates in that case that a 
Switch to the other channel is requested, i.e. the parallel 
channel if transmitted on the base channel and the base cannel 
if transmitted on the parallel channel. 

In another embodiment, the wireless devices 102,104 may 
stay on the base channel after the end of the broadcast and 
multicast transmissions, while returning to the parallel chan 
nel is signaled by an explicit PCS request. 
The PCS request and response frames preferably are trans 

mitted as quality-of-service (QoS) frames having a piggy 
back contention-free-acknowledgement (CF-Ack) as this 
type of frame typically requires only a single transmission 
operation (TXOP). Examples of suitable piggyback frames 
that may be implemented as PCS request and/or response 
frames are described in detail in U.S. patent application Ser. 
No. 10/880,367 filed concurrently herewith and entitled 
“Link Margin Notification Using Return Frame.” Otherframe 
formats, such as conventional data frames, may be used with 
out departing from the spirit or the scope of the present 
invention. 
Upon agreeing to a proposed Switch to the base channel, 

the wireless devices 102, 104 make the channel switch at 
steps 514A, 514B. One or both of the wireless devices 102, 
104 then may request and receive buffered information from 
the access point 106, provide uplink information to the access 
point 106, and/or communicate information with peer wire 
less devices via the base channel. To illustrate, the wireless 
device 102 may use a reverse polling technique by transmit 
ting a PS-Poll frame (e.g., a QoS+CF+Poll frame) to the 
access point 106 at step 516, where the PS-Poll frame repre 
sents a request for buffered information and an indication 
(e.g., a clearing of the PMbit) that the wireless device 102 has 
exited the power-saving mode. In response to the PS-Poll 
frame, the access point 106 may transmit buffered downlink 
information to the wireless device 102 at step 518. After the 
wireless device 102 has received the buffered downlink infor 
mation (as indicated by the expiration of an uplink or down 
link timeout), the wireless device 102 may transmit another 
frame, such as a null frame, to the access point 106 at step 520, 
where the frame includes an indicator that the wireless device 
102 is entering the power-saving mode so that the access point 
106 may buffer any downlink information intended for the 
wireless device 102. Uplink information and peer-to-peer 
information may be transmitted from the wireless devices 
102, 104 in a similar manner. 
To return to the parallel channel to resume communicating 

via the direct link 110, one of the wireless devices (device 102 
in this example) may transmit a PCS request frame on the 
base channel at step 522, where the PCS request frame may 
include an indication of the proposed channel to which the 
wireless devices 102, 104 are to switch. Preferably, the wire 
less devices 102, 104 switch to the same parallel channel as 
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before. However, it may be appropriate to switch to another 
channel because, for example, the original parallel channel 
has become congested with traffic from other wireless 
devices or significant interference as appeared at one or more 
frequencies of the original parallel channel. 

If the proposed channel is acceptable to the receiving wire 
less device (device 104 in this example) or if an alternate 
channel is to be proposed, the wireless device 104 may trans 
mit an affirmative or conditional PCS response frame to the 
wireless device 102 on the base channel at step 524. After 
agreeing to the channel Switch, the wireless devices Switch to 
the proposed parallel channel and recommence the commu 
nication of information between the wireless devices 102, 
104 via the direct link 110 on the parallel channel at step 528. 

In addition or as an alternate to using a PCS sequence to 
switch channels, the wireless devices 102, 104 may utilize a 
temporary channel Switch (TCS) sequence to temporarily 
move the direct link 110 to another channel. The TCS 
sequence typically includes a TCS request frame that may 
include a CIE and a timing synchronization function (TSF) to 
indicate the time at which the direct link 110 is scheduled to 
return to the current channel. The TCS sequence also may 
include a TCS response frame that includes an agreed/denied/ 
conditional field similar to the field used for the PCS response 
frame. If the responding wireless device can not leave the 
current channel, for instance if it is not yet in a power-save 
mode with the access point 106, it may set the denied field 
inside the TCS response frame. Otherwise, if the responding 
wireless device is ready to move to the proposed channel, it 
may set the agreed field inside the TCS response frame. 
The TCS sequence also may be used to temporarily move 

the direct link 110 to the base channel for the exchange of 
information with the access point 106 (e.g., buffered infor 
mation) or with peer devices. The direct link 110 preferably 
remains active during this time, so that information can be 
exchanged via the direct link 110 on the base channel as well. 
Devices 102 and 104 should not leave the power save state 
with the access point during this temporary stay on the base 
channel (for instance, by transmitting a frame to the access 
point with the PM bit reset), because it can not be ensured that 
they will be able to re-enter the power save state prior to the 
scheduled departure to the parallel channel with TCS. 

Although the above techniques are described in the context 
of a direct link established between two devices, in some 
cases, multiple devices each may establish a direct link with 
a single device. The presence of multiple direct links raises 
the issue of selecting a common parallel channel for the 
multiple direct links. In one embodiment, the wireless device 
acting as the “hub’ for the multiple peer devices may identify 
a suitable parallel channel that the multiple direct links may 
use by, for example, proposing a parallel channel currently in 
use, by Scanning one or more other parallel channels, or by 
picking a channel at random. Another issue raised by multiple 
direct links includes channel Switching. In one embodiment, 
if a device having multiple direct links wants to perform a 
channel switch, it preferably transmits a PCS request frame to 
each of the other direct link peer devices before switching to 
the proposed channel. 

Yet another issue includes the implementation of power 
saving or the sleep mode. In one embodiment, this issue may 
be addressed by assuming that the traffic pattern has a star 
topology, so that there is a central node that communicates 
with the peripheral nodes, but the peripheral nodes do not 
communicate with each other. Under this assumption, the 
central node may be treated as a constantly awake node 
(CAN) that acts as a Surrogate access point by buffering 
information for all of the peripheral nodes, while maintaining 
a client association with the real access point at the same time. 
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The peripheral nodes find can find the central node through its 
beacon transmissions and may associate with it instead of 
with the access point. The peripheral nodes then may use 
reverse polling to retrieve buffered information, as described 
above. This solution is Suited for applications like gaming and 
multimedia, where a single central node maintains connec 
tions with several remote nodes, like game controllers or 
actuators, respectively. 

Other embodiments, uses, and advantages of the invention 
will be apparent to those skilled in the art from consideration 
of the specification and practice of the invention disclosed 
herein. The specification and drawings should be considered 
exemplary only, and the scope of the invention is accordingly 
intended to be limited only by the following claims and 
equivalents thereof. 

What is claimed is: 
1. In an 802.11x wireless network comprising an access 

point logically connected to at least a first wireless device and 
a second wireless device, a method of establishing a point 
to-point connection directly between the first and second 
wireless devices comprising: 

sending a setup request frame from the first wireless device 
to the second wireless device on a first communication 
channel via the access point, the setup request frame 
including a proposed second communication channel; 

sending a setup response frame from the second wireless 
device to the first wireless device on the first communi 
cation channel via the access point; and 

communicating information directly between the first and 
second wireless devices on the second communication 
channel for a first time period. 

2. The method as in claim 1, further comprising: 
switching the first and second wireless devices from the 

second channel to the first channel in anticipation of a 
predetermined event; and 

communicating information between the access point and 
at least one of the first and second wireless devices via 
the first channel for at least a portion of a second time 
period. 

3. The method as in claim 2, further comprising: 
switching the first and second wireless devices from the 

second channel to the first channel prior to the second 
time period. 

4. The method as in claim 2, further comprising: 
switching the first and second wireless devices from the 

second channel to a third channel; and 
communicating, for a third time period, information 

directly between the first and second wireless devices 
the second channel. 

5. The method as in claim 4, wherein switching the wire 
less devices to the third channel comprises: 

providing a setup confirmation from the first wireless 
device to the second wireless device via the access point, 
the setup confirmation confirming the Suitability of a 
wireless direct link on the third channel; 

switching the first wireless device to the third channel 
Subsequent to the transmission of the setup confirma 
tion; and 

switching the second wireless device to the third channel 
Subsequent to the receipt of the setup confirmation. 

6. The method as in claim 5, wherein establishing the 
second wireless direct link on the third channel comprises: 

providing, on the second channel, a setup request from the 
first wireless device to the second wireless device via the 
access point, the setup request including one or more 
identifiers of the third channel; and 
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providing, on the second channel, an affirmative setup 
response from the second wireless device to the second 
wireless device via the access point in response to a 
receipt of the setup request at the second device; 

wherein the setup confirmation is provided in response to a 
receipt of the affirmative setup response at the first wire 
less device. 

7. The method as in claim 6, wherein the one or more 
identifiers of the third channel includes a center frequency 
and a channel width. 

8. The method as in claim 7, further comprising: 
Scanning at least one channel to identify an unused chan 

nel, the unused channel being selected as the third chan 
nel. 

9. The method as in claim 7, further comprising: 
randomly selecting one of a plurality of channels as the 

third channel. 
10. The method as in claim 2, wherein the predetermined 

event includes a substantially periodic event. 
11. The method as in claim 10, wherein the predetermined 

event includes a periodic transmission of an indication of 
information buffered at the access point, wherein at least a 
portion of the buffered information is intended for receipt by 
at least one of the first and second wireless devices. 

12. The method as in claim 11, wherein the indication 
from the access point includes a delivery traffic indication 
map (TIM) beacon frame. 

13. The method as in claim 10, wherein the predetermined 
event includes the delivery of broadcast and multicast data. 

14. The method as in claim 1, wherein the second channel 
includes a base channel for communicating information 
between the access point to at least the first and second wire 
less devices. 

15. In an 802.11x wireless network comprising an access 
point operably connected to at least a first wireless device and 
a second wireless device, a method of establishing a direct 
point-to-point connection between the two wireless devices 
comprising: 

providing information between the access point and at least 
one of the first and second wireless devices via a first 
channel for at least a portion of a first period; 

providing a channel change request from the first wireless 
device to the second wireless device on the first channel; 

providing an affirmative response to the channel change 
request from the second wireless device to the first wire 
less device on the first channel; 

Switching the second wireless device to a second channel 
Subsequent to the receipt of the acknowledgement to the 
provision of the affirmative response to the channel 
change request; 

switching the first wireless device to the second channel 
Subsequent to the transmission of the acknowledgement 
to the receipt of the affirmative response to the channel 
change request; and 

communicating information directly between the first and 
second wireless devices via the second channel for at 
least a portion of a second period, 

wherein the 802.11x wireless network is configured to 
facilitate communications in an 802.11X protocol, and 

wherein the first channel is different than the second chan 
nel. 

16. The method as in claim 15, wherein the channel 
change request includes an indication of a proposed center 
frequency and channel width for the second channel and 
wherein the affirmative response to the channel change 
request includes an affirmation of the proposed center fre 
quency and channel width for the second channel. 
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17. The method as in claim 15, wherein the information 

communicated during at least a portion of the second period 
includes information buffered at the access point during the 
first period and having at least one of the first and second 
wireless devices as an intended recipient. 

18. The method as in claim 15, wherein the first and 
second wireless devices switch from the first channel to the 
second channel in anticipation of a predetermined event. 

19. The method as in claim 18, wherein the predetermined 
event includes a substantially periodic event. 

20. The method as in claim 19, wherein the predetermined 
event includes a periodic transmission of an indication of 
information buffered at the access point, wherein at least a 
portion of the buffered information is intended for receipt by 
at least one of the first and second wireless devices. 

21. The method as in claim 20, wherein the indication 
from the access point includes a delivery traffic indication 
map (TIM) frame. 

22. In a wireless network having an access point, at least 
one wireless device comprising: 

a transceiver, and 
a direct link module operably connected to the transceiver 

and configured to: 
facilitate an establishment of a wireless direct link 

between the wireless device and another wireless 
device on the network via a second frequency chan 
nel; 

communicate information with the other wireless device 
via the wireless direct link on the second frequency 
channel for at least a portion of a first period; 

Switch the transceiver from the second frequency chan 
nel to a base channel in anticipation of a predeter 
mined event; and 

communicate information with the access point via the 
base channel for at least a portion of a second period, 

wherein the second frequency channel is different than 
the base channel. 

23. The wireless device as in claim 22, wherein the direct 
link module is adapted to facilitate the establishment of the 
wireless direct link by: 

providing a channel setup request to the other wireless 
device via the access point and the base channel; 

receiving an affirmative response to the setup request from 
the other wireless device via the base channel; 

providing a setup confirmation to the other wireless device 
via the base channel; and 

tuning the transceiver to the second channel Subsequent to 
the provision of the setup confirmation. 

24. The wireless device as in claim 23, wherein the setup 
request includes an indication of a proposed center frequency 
and channel width for the second channel. 

25. The wireless device as in claim 22, wherein the direct 
link module is adapted to facilitate the establishment of the 
wireless direct link by: 

receiving a channel setup request from the other wireless 
device via the access point and the base channel; 

providing an affirmative response to the setup request to the 
other wireless device via the base channel; 

receiving a setup confirmation from the other wireless 
device via the base channel; and 

tuning the transceiver to the second channel Subsequent to 
the receipt of the setup confirmation. 

26. The wireless device as in claim 25, wherein the setup 
request includes an indication of a proposed center frequency 
and channel width for the second channel. 
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27. The wireless device as in claim 26, wherein the direct 
link module is adapted to facilitate the establishment of the 
wireless direct link by: 

providing a channel change request to the other wireless 
device via the access point; 

receiving an affirmative response to the channel request 
from the other wireless device via the access point; 

tuning the transceiver to the second channel Subsequent to 
the receipt of the affirmative response. 

28. The wireless device as in claim 22, wherein the direct 
link module is adapted to facilitate the establishment of the 
wireless direct link by: 

receiving a channel change request from the other wireless 
device via the access point; 

providing an affirmative response to the channel request to 
the other wireless device via the access point; and 

tuning the transceiver to the second channel Subsequent to 
the provision of the affirmative response. 

29. The wireless device as in claim 22, wherein the pre 
determined event includes a substantially periodic event. 

30. The wireless device as in claim 29, wherein the pre 
determined event includes a periodic transmission of an indi 
cation of information buffered at the access point during the 
first period, wherein at least a portion of the buffered infor 
mation is intended for receipt by at least one of the first and 
second wireless devices. 

31. The wireless device as in claim 30, wherein the indi 
cation from the access point includes a delivery traffic indi 
cation map (TIM) frame. 

32. The wireless device as inclaim 22, further comprising: 
at least one processor; and 
wherein the direct link module includes executable instruc 

tions adapted to manipulate the processor to: 
facilitate the establishment of the wireless direct link; 
communicate information with the other wireless device 

via the wireless direct link; 
Switch the transceiver from the first channel to the base 

channel in anticipation of the predetermined event; and 
communicate information with the access point via the 

wireless direct link on the base channel 
33. A wireless system comprising: 
an access point; and 
at least a first wireless device and a second wireless device; 
wherein the first wireless device and the second wireless 

device are configured to: 
communicate information via a wireless direct link on a 

first channel during at least a portion of a first period; 
Switch to a second channel in anticipation of a predeter 
mined event; and 

communicate information with the access point on the 
second channel during at least a portion of a second 
period, 

wherein the first channel is different than the second 
channel. 

34. The wireless system as in claim 33, wherein the pre 
determined event includes a substantially periodic event. 

35. The wireless system as in claim 34, wherein the pre 
determined event includes a periodic transmission of an indi 
cation of information buffered at the access point during the 
first period, wherein at least a portion of the buffered infor 
mation is intended for receipt by at least one of the first and 
second wireless devices. 
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36. The wireless system as in claim 35, wherein the indi 

cation from the access point includes a delivery traffic indi 
cation map (DTIM) frame. 

37. A method comprising: 
5 sending, from a first wireless device, a setup request frame 

to a second wireless device on a first communication 
channel via an access point, wherein the setup request 
frame comprises a proposed second communication 
channel. 

receiving a setup response frame, at the first wireless 
device from the second wireless device, on the first com 
munication channel via the access point, wherein the 
setup response frame comprises a proposed third com 
munication channel 

sending, from the first wireless device, a setup confirm 
frame to the second wireless device on the first commu 
nication channel via the access point, and 

communicating information directly between the first wire 
less device and the second wireless device on the third 
communication channel. 

38. The method of claim 37, filrther comprising returning 
to the first communication channel after a time period. 

39. The method of claim 37, wherein the setup confirm 
25 frame comprises an indication to the access point that the first 

wireless device is entering a power-saving mode. 
40. The method of claim 37, filrther comprising: 
returning to the first communication channel after a time 

period and 
receiving, at the first wireless device, buffered data from the 

access point. 
41. The method of claim 37, filrther comprising: 
scanning the third communication channel. 
determining an amount of traffic on the third communica 

tion channel and 
suspending use of the third communication channel by the 

first wireless device and the second wireless device 
based upon the amount of traffic On the third communi 
cation channel. 

42. The method of claim 41, filrther comprising transmit 
ting a channel switch request based upon the amount of traffic 
On the third communication channel, wherein the channel 
switch request comprises a proposed fourth communication 
channel. 

43. The method of claim 37, filrther comprising: 
periodically returning to the first communication channel 

for a period of time, and 
returning to the third communication channel after the 

period of time. 
44. A wireless device comprising: 
One or more processors configured to: 
control sending, to another wireless device, a setup request 

frame on a first communication channel via an access 
point, wherein the setup request frame comprises a pro 
posed second communication channel. 

control receiving a setup response frame from the other 
wireless device on the first communication channel via 
the access point, wherein the setup response frame com 
prises a proposed third communication channel 

control sending a setup confirm frame to the other wireless 
device on the first communication channel via the access 
point, and 

control communicating information directly with the other 
wireless device on the third communication channel. 

45. The wireless device of claim 44, wherein the one or 
more processors are further configured to control returning to 
the first communication channel after a time period. 
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46. The wireless device of claim 44, wherein the setup 
confirm frame comprises an indication to the access point 
that the wireless device is entering a power-saving mode. 

47. The wireless device of claim 44, wherein the one or 
more processors are further configured to: 

Control returning to the first communication channel after 
a time period, and 

Control receiving buffered data from the access point. 
48. The wireless device of claim 44, wherein the one or 

more processors are further configured to: 
Control scanning the third communication channel deter 

mine an amount of traffic on the third communication 
channel; and 

suspend use of the third communication channel by the 
wireless device and the other wireless device based upon 
the amount of traffic on the third communication chan 
nel. 

49. The wireless device of claim 48, wherein the one or 
more processors are further configured to control transmit 
ting a channel switch request based upon the amount of traffic 
on the third communication channel, wherein the channel 
Switch request comprises a proposed fourth communication 
channel. 

50. The wireless device of claim 44, wherein the one or 
more processors are further configured to: 

Control periodically returning to the first communication 
channel for a period of time, and 

Control returning to the third communication channel after 
the period of time. 

51. A non-transitory computer-readable medium having 
instructions stored thereon, the instructions comprising: 

instructions to control sending, to another wireless device, 
a setup request frame on a first communication channel 
via an access point, wherein the setup request frame 
comprises a proposed second communication channel; 

instructions to control receiving a setup response frame 
from the other wireless device on the first communica 
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tion channel via the access point, wherein the setup 
response frame comprises a proposed third communica 
tion channel; 

instructions to control sending a setup confirm frame to the 
Other wireless device on the first communication chan 
nel via the access point, and 

instructions to control communicating information directly 
with the other wireless device on the third communica 
tion channel. 

52. The non-transitory computer-readable medium of 
claim 51, further comprising instructions to control returning 
to the first communication channel after a time period. 

53. The non-transitory computer-readable medium of 
claim 51, wherein the setup confirm frame comprises an 
indication to the access point that the wireless device is enter 
ing a power-saving mode. 

54. The non-transitory computer-readable medium of 
claim 51, filrther comprising instructions to: 

instructions to control returning to the first communication 
channel after a time period, and 

instructions to control receiving buffered data from the 
access point. 

55. The non-transitory computer-readable medium of 
claim 51, filrther comprising: 

instructions to control scanning the third communication 
channel; 

instructions to determine an amount of traffic on the third 
Communication channel and instructions to suspend 
use of the third communication channel by the wireless 
device and the other wireless device based upon the 
amount of traffic On the third communication channel. 

56. The non-transitory computer-readable medium of 
claim 55, further comprising instructions to control transmit 
ting a channel switch request based upon the amount of traffic 
On the third Communication channel, wherein the channel 
switch request comprises a proposed fourth communication 
channel. 
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