[0001] PEER-TO-PEER WIRELESS COMMUNICATION SYSTEM [0002]
FIELD OF INVENTION [0003] The present invention is related to a
wireless communication system including a plurality of wireless stations
(STAs) and an access point (AP), (i.e., a centralized controller), and a
wireless communication system including a plurality of STAs without a
centralized controller, (i.e., an Ad hoc network). More particularly, the
present invention is related to a method and system for establishing data

transfers between the STAs using a direct link setup (DLS). [0004
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(Qo8) facility, G.e., QSTAs), may transmit data packets directly to another QSTA
by establishing a data transfer using a DLS. The IEEE 802.11e standard is
associated with the support of QoS features such as service differentiation, block
acknowledgement (ACK) and DLS, The STAs that support these IEEE 802.11e
features are referred as QSTAs. Similarly, an AP that supports these IEEE
802.11e features is referred to as a QAP. The need for the DLS is motivated by
the fact that the intended recipient STA may be in a power save mode, whereby
the recipient QSTA may only be activated, (i.e., awakened), by an AP with a QoS
facility, (l.e., QAP). The DLS exchanges a rate set and other information between
a transmitier in one QSTA and a receiver in another QSTA. DLS messages may

be used to attach security information elements (IEs).

[0006] SUMMARY

[0007] The present invention is related to a peer-to-peer communication
system using a DLS. A mobile station (STA) establishes a divect communication
link with another STA by sending a message requesting a DLS to an access point

(AP), (Le., a centralized controller). The AP may accept or reject the DLS request
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link with another STA by sending a message requesting a DLS to an
access point (AP), (i.e., a centralized controller). The AP may accept or
. reject the DLS request -1 based on channel measurements. If the DLS
request is accepted, the DLS is established such that the STAs may
directly communicate with each other. An established DLS connection
may be torn down by the AP sending a message including a DLS
teardown request to one of the STAs, or based on channel
measurements. The system may be an Ad hoc network comprising a
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Hereafter, the terminology "STA" or "QSTA" includes but is not
be understood in conjunction with the accompanying drawings wherein:

[0010} Figure 1is an exemplary block diagram of a wireless communication
system including a plurality of QSTAs and a QAP in aceordance with the present
invention;

{00611} Figure 2 is a block diagram of an Ad hoc network comprising a
plurality of STAs for supporting peer-to-peer communication in accordance with
the present invention; and

[001.2] Figure 3 is a block diagram of a network comprising a plurality of
STAs and an AP for supporting peer-to-peer communication in accordance with

the present invention.

[0013] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0014] Hereafter, the terminology "STA" or "QSTA" includes but i not
Hmited to & wireless fransmit/receive unit (WTRU), a user equipment, 2 mobile
station, 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" or "QAP" includes but is not limited to a base station, a Node-B,
a site controller, a centralized controlier or any other type of interfacing device in

a wireless environment.



limited to a wireless transmitireceive unit (WTRU), a user equipment, a
mobile station, 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" or "QAP" includes but is not
limited to a base station, a Node-B, a site controller, a centralized
controller or any other type of interfacing device in a wireless
environment. -2 [0015] The features of the present invention may be
incorporated into an integrated circuit (IC) or be configured in a circuit
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Grandhi et al.,, which is incorporated by reference as if fully set forth.

[0018] Figure 1 is an exemplary block diagram of a wireless communication
system 100 including a plurality of QSTAs 12a, 12b and a QAP 10. Similar to
conventional wireless communication systems, the QSTA 12z infends to
exchange data packets directly with the QSTA 12b. The QSTA 12a invokes a
DILS by including a DLS request frame in a message 102 sent to the QAP 10 by
the QSTA 12a. The message 102 may include a rate set, capability information
of the QSTA 12a, the medium access control (MAC) addresses of the QSTAs 12a
and 12h, or other necessary information. Ifthe QSTA 12b is associated with the
QAP 10 in a basic service set (BSS) that has a policy which allows direct data
transfers to take place between QSTAs, the QAP 10 forwards the DLS request
frame in 2 message 104 to the QSTA 12b. If the QSTA 12b accepts the DLS
reguest frame, the QSTA 12b includes a DLS response frame in a message 106
sent to the QAP 10 by the @STA 12b which contains a rate set. The QAP 10
includes the DLS response frame in a message 108 sent to the QSTA 12a.
Thereafter, a direct communication link 110 is established between the QSTA
12a and the QSTA 12b.

[6018] In accordance with the present invention, the QAP 10 may reject the
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the QSTA 12a. The message 102 may include a rate set, capability
information of the QSTA 12a, the medium access control (MAC)
addresses of the QSTAs 12a and 12b, or other necessary information. If
the QSTA 12b is associated with the QAP 10 in a basic service set (BSS)
that has a policy which allows direct data transfers to take place between
QSTAs, the QAP 10 forwards the DLS request frame in a message 104

to the QSTA 12b. If the QSTA 12b accepts the DLS request frame, the
QSTA 12b includes a DLS response frame in a message 106 sent to the
QBE Ha st hrec@SHATLRD v QR TAtZdmne tatesddqgiine QAR quality of

%ﬁ?ié@&%ﬁ {Refst g@ﬂhelﬁhal%a ?n%@%h%t&%? %B‘gvgﬁm% send

Thereatter, a mmunlcatlon 110 I1s esta etween

five oTAze 2 bitel the BSTA 121 [@b‘l@]llﬁ’ deaseahfeaitnthiipdczetie
ﬁ\é@gﬁwimq&ﬁ%@m fsieptihal ﬁ@ﬁf%&?m&\@ﬂ frostheher

e e e P R R
m&p&@&fﬁﬂ@fﬁhe@&tsmsﬁlmm@aﬁmmmmﬁsﬁge digPthe

%*‘1; AL AL BRITAL Pl Sﬁ%&ﬁéﬂ%&@?ﬂsﬁ‘ﬁé@{ QUL SRSy

ality In 6rma ion bet e QSTAs 12a an rmatlon

ﬁi@;ﬂa“el’omm @@WE@M@@%@%’@% J@ét%e?émh@@éh%@i%éah%ﬁ
mdggldmnggb %@%I{%ﬁp@gt E@t%@ Sg_era@gsgrﬁszﬁgg from the QSTA 12b,

received by _the r other ei

e, 0 1 R R AR i Gl o Ehe
(QSTHUJEa Eﬁ@i&k}dfa&e@m&ﬂgﬁmgdmmﬁfaﬂm msearehdge IHE sent to

th Vv |

a me sagl'?eal té%%\%%ﬁt gl % f%}ﬁaé %%%Ig igs %{v%/(a ffﬁ H%@_%e@ 4

163 dHecorpy msmerd&gl@em@mé@wé’r YAL pefesmfiapneatmestegarid 4
VAE 10 ORI 8NESSRNS IS the QAP 10 includes the DLS discovery

response frame and an indication that the @STA 12b could not be located in the
message 114. This procedure iz performed before the DLS is established.

[0021] Referring to Figure 1, additional messages may be further
exchanged before or after the DLS is established. The QAP 10 may optionally
include a DLS measurement request packet in a message 116 sent to the @STA
12a to request a channel guality measurement. The message 116 may also
include information regarding the capability of QSTA 12b to perform a channel
guality measurement. The capability information includes, but is not limited to,
a number of antennas, and an indication of the type of antenna technology
supported such as multiple-input multiple-output (MIMO), antenna diversity or
any other smart antenna techneology. The @STA 12a responds fo the message
116 by including a measurement response packet in a message 118 sent to the
QAP 10. The message 118 may alse include the channel quality measurement
results between the @STA 12a and the QSTA 12b. Channel measurements may
include received signal strength indicatiom (RSSI) between QSTA12a to
QSTA12b, channel quality indicator (CQI) between QSTA. 12a and QSTA 12b and
interference level at @STA 12a. RSSIis measured at @QSTA 12a from QSTA 12b
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sent to the QSTA 12a. Otherwise, the QAP 10 includes the DLS discovery
response frame and an indication that the QSTA 12b could not be located
in. the message 114. This procedure is performed before the DLS is
established. [0021] Referring to Figure 1, additional messages may be
further exchanged before or after the DLS is established. The QAP 10
may optionally include a DLS measurement request packet in a message
116 sent to the QSTA 12a to request a channel quality measurement.

The message 116 may also include information regarding the capability
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by the QAP 10 or during an ongoing DLS session. [0022] In Conventiona
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packet in a message 120a, 120b sent to the QAP 10. After the DLS teardown
process is completed, all packets sent by the QSTAs 12a, 12b are processed by the
QAP 10,

10023} Either of the Q@STAs 12a, 12b may send the send the DLS teardown
packet to the QAP 10. Once the DLS teardown message 120 is sent by one of the
Q5STAs 12a, 12b, the QAP 10 will forward the DLS teardown message to the
other one of the @QSTAs 12a, 12b. The DLS teardown process may be

implemented in any access method, {e.g., an assigned resource allocation, a

management resource allocation, HOCA or EDCE).

[0024]  In accordance with the present invention, the QAP 10 may initiate a
DLS teardown by sending a DLS response message 108 including a DLS
teardown action field to either of the QSTAs 12a or 12b. The action frame
includes a timer information field whereby the @STA 12a or 12b must respond by
sending a DLS teardown message to the QAP 10 before the timer expires. This
feature is backward compatible with current WLAN standards,

10025] The QAP 10 may initiate a DLS between two Q@STAs 12a and 12h.
The QAP 10 sends a DLS initiate message to each of the QSTAs 12a and 12h.

~
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cannot be initiated by the QAP 110. The QSTAs 12a, 12b can teardown
the DLS due to inactivity or completion of an application. Each QSTA
12a, 12b may include a timer which is reset each time a packet is
received, (a data packet or an acknowledgement (ACK) packet), from the
other QSTA 12a, 12b. The timer is used to end the DLS due to a link
failure or completion of an application. If no packets are received before
the timer expires, or an application is completed, the QSTA 12a, 12b

initiates a DLS teardown process by including a DLS teardown packet in
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format are defined in Table L.



and 12b in the response of the DLS initiate message, the QAP 10 may
send a DLS response message to both of the QSTAs 12a and 12b. The
DLS initiate message is a new message introduced by the present
invention to allow the QAP 10 to initiate a DLS between two STAs.
Alternatively, the DLS request message and the DLS response message
may be modified to initiate a DLS from the QAP 10 instead of creating a
new DLS initiate message. [0026] Data transfer after the DLS is
established is explained hereinafter. The QSTAs may use the DLS for
performing data transfers using any of the access mechanisms defined in

IEEE 80&Addmstandridssmiich as an HCCA or an Elfebnid@Z7] The

nresentipvention-provides-several-action-frame formats for DL S
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management purposes. An action field, immediatefFaft&t¥Restategory
field, differentiates the formats. The action field valagsrassaciated Wlth
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0DLS request 1 DLS response 2 DLS teardow %%ﬁé%‘gﬁed Table

1. Additional acBigtbfield values are defined in accordResesvedth the present

invention. A DLS discovery reque%' e isfora QSTAtogeta MAC
address of another QSTA by sending application requirements. A DLS
A rachisnsieliariuesicra Guineg isspsaerdarte withkhEhm Acesent

ad@agssmm@nsqa@a@y Lagddt AsaBYerionakDhSdeal d M TameiS of
ano %wgyasgggﬁ%nagglm gwn requirements. A DLS discovery response
frame is for a QAP to respond back with the MAC address of the requested
QSTA. A conventional DLS teardown frame is modified to add an action field for
DLS teardown by the QAP. An information field called a timer is included in the
DLS teardown frame. The QAP expects that a QSTA would send the DLS
teardown message to the QAP before the timer expires. A conventional DLS
request frame is modified to include an additional element to send optimal PHY
data rate and certain other channel characteristic between the two QSTAs. A
DLS measurement request frame is for measurement reguest from a QAP to a
QSTA. The DLS measurement request frame contains capability information of
another @STA. A DLS measurement response frame is for DLS measurement
response from a QSTA to a QAP. The DLS measurement response frame
contains measurement information and another QSTA MAC address.

[0028] Figure 2 is a block diagram of an Ad hoc network 200 comprising a
plurality of QSTAs 12a, 12b, 12¢, 12d, 12e, 12f for supporting peer-to-peer
commumnication in accordance with another embodiment of the present invention.
Each of the @QSTAs 12a-12f maintains a database (not shown) of all of the QSTAs
12a-12f within one hop and two hops. One hop Q@STAs are QSTAs that can hear
each other and are referred to hereinafier as "neighbors”. Two hop QSTAs are
@STAs that cannot be heard directly, but a neighbor can hear.

{0029] "There are two groups of Q8TAs that need to be informed when the
media will be in use, the QSTAs that can hear the transmission and the QSTAs
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DLS teardown by the QAP. An information field called a timer is included
in the DLS teardown frame. The QAP expects that a QSTA would send
the DLS teardown message to the QAP before the timer expires. A
conventional DLS request frame is modified to include an additional
element to send optimal PITY data rate and certain other channel
characteristic between the two QSTAs. A DLS measurement request
frame is for measurement request from a QA.P to a QSTA. The DLS
measurement request frame contains capability information of another
QGT Ao RbSivigasanemirind spenSed rairetiselorcBiiH m cBistmeforeninly a
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TAs that can_hear the transmission and the QSTAs -7 that could
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that the medium_is in use’and e neighbors cannot réceive without
irherf¥&Ace. The receiving QSTA needs to tell its neighbors that the
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re lljxlrreetfé)nrgx?ngglggs h’%ﬁ!enge%) (EigTA may passively scan the channels and then
send dirvected packets. Upon reception of the request, any QSTA in active
secession may send the information back to the new QSTA. The QSTAs follow a
random back off before responding. Once the new QSTA gets the information,
the new QSTA uses this information to optimally allocate resources for starting a
new application.

10032] For example, in the Ad hoc network 200 of Figure 2, the QSTA 12a
and the QSTA 12b intend to communicate with each other. Before running an
application between QSTA 12a and QSTA 12b, one or both of the QSTA 12a and
QSTA 12b inform neighbors by sending messages 202 about the application. The
message 202 may be sent as a broadcast and/or propagated to the two hop
QSTAs. Alternatively, the message 202 may include a packet directed to specific
QSTAs. After informing neighboring QSTAs of the intended communication, the
QSTA 12a and the QSTA 12b may communicate by exchanging messages 204
without interference.

t0033] Information that is communicated between the QSTAs 12a, 12bmay

include, but is not limited to, bandwidth requirement, identification of the
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properly implemented, but it will yield better overall medium efficiency.
[0030] Neighboring QSTAs send signals between each other to report
capabilities via capability messages. The capability messages may be
transmitted as a part of an initialization process when a QSTA is powered
on. The capability messages may be periodic or event-triggered by some
activity or inactivity of any QSTA, or can also be a reply to an information
request signal initiated by one of the QSTAs. [0031] A new QSTA may
send a broadcast message to neighbors asking for active transmission.
TraepwtD8 TSR epdstivelpatamghaLhanncfscgnentie basénd direttedd
 Raskeldiranseception ofeequaslion, RRLA RACYE HECARSIONTY;;
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e S SR s S SR
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QST Adt2aanchQSTAuLRbuRRe 2L AL e QSTA 22 A0 QSTA 12b

inform neighbors by sending messages 202 about the application. The
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include, but is not limited to, bandwidth requirement, identification of the
Jpand, or the like.

[0035] Figure 3 is a block diagram of a network 300 including a plurality of
QSTAs 12a - 12f and a QAP 14 in accordance with the present invention. Similar
to the Ad hoc network 200 of Figure 2, each of the QS8TAs 12a-12f maintains a
database of all QSTAs with which each @STA 12a-12f can directly communicate
and with which each QSTA 12a-12f can communicate through the QAP 14. The
QAP 14 may provide the database of QSTAs available through the QAP 14.
[0036] Hach of the QSTAs 12a-12f is connected to the QAP 14, However,
all traffic does not necessarily originate from or pass through the QAP 14. Thus,
two QSTAs may communicate with each other directly without sending the traffic
through the QAP 14. This process may be controlled by the QAP 14 and a
distributed contrel which is similar to the non-AP case described above with
reference to Figure 2.

[0037] In the process controlied by the QAP 14, for example, a QSTA 12a
intends to commumnicate with a QSTA 12b. The Q3TA 122 sends a message 302
to the QAP 14 which includes at least ome of a destination ID, a reguired
bandwidth, channel information, a direct hop to the destination, or the like,
Based on the information provided in message 302, the QAP 14 determines

whether to let the two QSTAs 12a, 12b directly communicate, or communicate

9.



transmitting QSTA and the receiving QSTA, a frequency band, a preferred
modulation mode, sub- carriers, a MIMO enabled code, or the like. This
information should preferably be communicated during the establishment
of DLS. However, it may be communicated during the DLS
communication to update certain parameters such as preferred
modulation. This information may be resent in response to a request from
another QSTA. The QSTAs can ask for this information to update their
statistics or to start a new application. [0034] Some services or

mmﬁgatmmmvemrw Dyenaytheske vhedtyrthyatiay igisedptn the
gthef B &{%%% %% 8 %elgg this, SEIVIES: | &%e\é&%% e - gcmy

ergency ISruption can be perfo rmed b

e T Jcéhmgblbérwééhe&we &%ﬁﬁm@%}sm’@ﬂ)@f@p Thei 14

ssiyice mers@g@ F02SSRA/MECHARARID fﬁﬁ%ﬂ@'@@i@ RDANGWIAR r8sources,
sub-carrier, a frequency band, or the I|ke 0Q35] Figure 3 is a%ﬁg
(figgr A FErR R T BGOTHER h G ‘?ﬂﬂ?& BRI STARETIRR based g fhe

4R b imacenidarienvdtiviiae jsreseiitiive midireSimdamtantoetAd hok is

etwor of,Eigure 2. eac As 1 =L2f maintains a
%gg}éﬁe%goh Fdﬂlgé; kest‘\r}?vﬁnw ﬁge%%% %?’El a-12f can directly

&aﬂﬁﬁ]un|cat@haﬁ&whwmeﬁqwoeeirt&qngeé%éﬁﬁﬁmmﬁte QSTA

Hrough drer@Adh 14nthaen QAR E4-may. pievide 1he datahase-alRBL AT ect
available through the QAP 14. [0036] Each of the QSTAs 12a-12f is

BRIt B 0 g eSS AR AR HSU Mot Beamyse- The
Qiginatedcaz ohpassitioongt t’@eiﬁﬁnﬂa&éﬁﬂ@ the taaRET2Ginmyll of the

each other W ndln he i I
R p b e L e el
dieasbetetPéorviat wmcis iscéumtan@e&rf@rﬁbﬁmpseas”ébélfeee@meaea%&/éther

Wi Aeiereneeda &ioHEe.2 HR034hIn-theRpragess controlled by the QAP
14, for example, a QSTA 12a
[0039! 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.

EMBODIMENTS

1. In a wireless communication system including at least one access
point (AP) and a plurality of stations (8TAs), a method comprising:

(a) a first STA sending a direct link setup (DLS) request to an AP for
setting up a direct communication link to a second STA;

{(b) the AP forwarding the DLS request to the second STA;

{¢) the second STA sending a response to the AP either accepting or
rejecting the DLS request;

(d) the AP determining whether or not te accept the DLS request; and

-10-



intends to communicate with a QSTA 12b. The QSTA 12a sends a
message 302 to the QAP 14 which includes at least one of a destination
ID, arequired bandwidth, channel information, a direct hop to the
destination, or the like. Based on the information provided in message
302, the QAP 14 determines whether to let the two QSTAs 12a, 12b
directly communicate, or communicate -9 through the QAP 14. The QAP
14 may make this determination based on the signal strength between
the two QSTAs 12a, 12b, current network load, activity of the QAP 14,
capabilifytiof ATesbmdiQSd PRI Pespbabe tr tihe ik S’[!]:Pe @d?ebaﬂr theffiast&TA
e e A SO O TAROU R SSRio U U St
, a Ccerain time, ‘st iers or antennas the connection based
mqmemg thedhicaemioshat rseemiidble. A direct
communication link is then established 306 between the QSTAs 12a and
12b. [0038] The aIIocatlon information in the message 304 is sent to the
OSTAZ1 22 At BEPRISSTHREGHREH DSTAE R SR AT 2L B! eb )
isfiexpaadotib etmlﬂm ebsiynuhieatiomiel BaSvserttiad ey aré memrd T As.
the resource being in use. The QSTAs 12c-12f can be informed by
broadcasting the message 304 to all of the QSTAs 12a-12f or by
requirifg all Dsmasthohof embodimariritaayaip the fistereinsdignefeodd)
aveRsifdtds AQt dntender dardhsiyse-thbigwnay prevent other QSTAs 12a

- 12f from using the same resources. [0039] Although the features and
elements of the present invention are described in the preferred
embodimentS‘]im particid af eombiiatons wérchifcdic fetansianibn datepdéd)

us d a |thout%h§t i Eafe tures gggcele s of the preferred

em o |men S Or in vari us com |na 1ons with or'without other features
and elements of the present invention. EMBODIMENTS

5. The method of embodiment 1 wherein the defermination of step (d)
is based on the quality of a channel over which data packets are exchanged
between the first and second STAs.

8. The method of embodiment 5 wherein the channel quality is
determined by exchanging packets between the first and second STAs before a
DLS is implemented.

7. The method of embodiment 1 wherein the determination of step (d)
is based on an interference level of a channel over which data packets are
exchanged between first and second STAs.

8. The method of embodiment 1 wherein the DIS request includes at
least one of a rate set, capabilities of the first STA, and medium access control

(MAC) addresses of the first STA and the second STA.

9. The method of embodiment 1 further comprising:

A11-



1. In a wireless communication system including at least one access point
(AP) and a plurality of stations (STAs), a method comprising: (a) a first
STA sending a direct link setup (DLS) request to an AP for setting up a
direct communication link to a second STA,; (b) the AP forwarding the DLS
request to the second STA,; (c) the second STA sending a response to the
AP either accepting or rejecting the DLS request; (d) the AP determining
whether or not to accept the DLS request; and 10 (e) the AP sending a
DLS response to the first STA, whereby the first STA and the second
finscatecastireachtotigrsver thelfiettSTorfimunmntivre a

dnilline DR reduestls apeepiades The eliog.of efhodiment 1
wherein the determination of step (d) is based on the strength of signals
exchalig) Sk SEH trnfing ATEROBER I S A g STIRERTEtIRSE G ereby

@nhosingant-hwbersininedetenpinatiopotsiep(d jshasedharethen the
current load activity of the AP. 4. The method of embodiment 1 wherein
BRAYEENATSHDT step (d) is based on the capability of the first and
second STAB. 5. The method of embodiment 1 wherein the determination

of ste& d) i lggﬁ%ead&%&t&?ﬁ% %H%z% gﬂq%% ?gﬁ%ﬂgﬁ? data packets

are exchange ween the first and sec As. 6. The method of

embodintbafissiiBletaningbanersagednpsAddmnamiebing brasemmsi A
packets,beineeriedist andseeond Rl ARDE0R BleSolsy the first STA

implemented. 7. The method of embodim n%wherein he determination ¢
sdeh) DBaReaett 48 iHtartefett ettt Aianne! S TaRidS G5TR
packelstakeof the second STA from the AP,

11. The method of embodiment 1 wherein the first STA includes an
optimal rate and channel quality information between the first STA and the
second STA in the DLS request.

12.  'The method of embodiment 11 wherein the information is obtained

from a previous transmission between the first STA and the second STA.

18.  The method of embodiment 11 wherein the information is obtained

by monitoring transmissions from the second STA.

14. The method of embodiment 1 wherein the AP is configured to reject
the DLS request if the AP can provide a higher overall throughput between the
first and second STAs by facilitating transmission via the AP instead of allowing

direct communication between the first and second STAs.
15. The method of embodiment 1 wherein the AP is configured to reject

the DLS request if the quality of the communication link between the first and
second STAs is degraded.

-19-



exchanged between first and second STAs. 8. The method of embodiment
1 wherein the DLS request includes at least one of a rate set, capabilities
of the first STA, and medium access control (MAC) addresses of the first
STA and the second STA. 9. The method of embodiment | farther
comprising: -11 (f) the AP sending a measurement request to the first
STA for measuring a channel condition between the first STA and the
second STA; (g) the first STA sending a response with a measurement
result, whereby the AP determines whether or not accept the DLS

requestthaséthemgtboddambedinnnidsuhengnthe Afdtrsaragured to reject

embedimenh dsfusherepptising dh e thahmbA BRI0A MesRIS 1A s,
the AP for searching the second STA before the first STA sends the DLS

request to the AP, whereby the first STA sends the DLS request to the
AP only7f thefiesinsthdd ef eiviesdielexahtviriaim diioAfstbep abaideb dihg a

fﬁ?g the %Ili’selleg'she mgtahg% Eg&nobodlmgntﬁl? Wher&aln the fgﬁ,t STA
desan optimaltate an annquu ality In ormatlon %etween the first
STA and the second STA in the DLS request. 12. The method of

embodigent fl wheteia pedoimation seRIained SIONt RS essage
transmission between the first STA anotl?(tj{?]g second STA. 13. The metho

RS AR OPIETRRS SR 1 R RO RFIC BB EaiFraEF By FriBAtieR gL and
tthasalissans o mﬁbe:sep@mﬂ I:&H@\ td e AP méthaedDii®mebedbmentdssage

Vi\o'hfr%mhth%nﬁ is conﬂq{h cL, tpe I% G&Jest if the AP can
h roug

provide a er dveral e ween t irst arid second STAs by
facilitating transmission via the AP instead of allowing

19. The method of embodiment 1 wherein each of the first and second
STAs includes a timer, and each of the first and second STAs is configured to

initiate a DLS teardown carried out by the AP before the timer expires.

20. Themethod of embodiment 19 wherein the timer is reset in response

to receiving a packet.

21. The method of embodiment 1 wherein the first STA sends a
measurement packet to the second STA and the AP before DLS is implemented to

improve a data rate and a packet error rate,

22. The method of embodiment 21 wherein the measurement packet is
cne of a channel quality indicator (CQI), a received signal strength indication

(BSSI) or an interference measurement.

23. In awireless communication system including a plurality of stations
{8TAs), a method for peer-to-peer communication in the wireless communication
system, the method comprising:

(a) each STA maintaining a database of one-hop STAs and two-hop STAs,
the one-hop STA being a STA that can monitor the other STAs and the two-hop

13-



direct communication between the first and second STAs. 15. The method
of embodiment 1 wherein the AP is configured to reject the DLS request if
the quality of the communication link between the first and second STAs
is degraded. -12 16. The method of embodiment 1 wherein the AP is
configured to reject the DLS request to secure communications between
the first and second STAs. 17. The method of embodiment 1 wherein the
AP is capable of sending a DLS response message to a selected one of

the first and second STAs. 18. The method of embodiment 17 wherein the
Br& heingonSE hibsssgannt derfcdapthersn Aafitesby brtitesrasidted with
having e tamar ifgrmation field, and the selected STA must respond back

to the AP_with g DLS teardown message .efore the timer expires in order
o N A TOARA, G TRt BB SANRER R BIReaER
di¢hefisshanfBecorghriinie irludé scantimmericati dndzethy efit i fis tvdrreby
q i69mfigwiesh o, nliake .01 taardown gy hora
%ﬁPg 5% Qre;t%%ét?%g:gexpirgs. 20. T‘l?e me?égd of e{?gg%%i%ge%%%gg véﬁgf%in
{FanHResIs}eset in response to receiving a packet. 21. The method of
embodiment 1 wherein the first STA sends a measurement packet to the

secong STA and the AP hefore DLS is jmplemented to . improve a data
rate arftfa pé@f@e‘f‘rj@ RS 8@2@‘&8‘@%@%&%&%&%& 21 wherein
the mdasurentent §Rskdtiisngnetef aychannebodimliy andecatest(@@Bsa@e to

Qgqu%%qi%igg%ﬁl rength indication (RSSI) or an interference
measurement. 23. In a wireless communication system including a

pluralitfbrsiiaasS T4y asnding &eaPrsrsper thepadst coRinttitie SASRRTY
theowireless gammunication

(e) the new STA utilizing the information o initiate a communication with
other STAs.

25. The method of embodiment 24 wherein the information includes at
least one of bandwidth, a frequency band, sub-carrier information, multiple-input
multiple-output (MIMO) reiated information, a received signal strength
indication (RSEI), interference, medium access control (MAC) address, service

eapability and other information about the STA sending the response.

26. The method of emboediment 24 wherein the new STA scans a

channel and sends the request message directed to a particular STA.

27, In a wireless communication system including at least one access
point (AP) and a plurality of stations (STAs), a method for peer-to-peer
communication in the wireless communication system, the method comprising:

(a) each STA maintaining a database of STAs that each STA can directly
communicate with and STAs that each STA can communicate with through an
AP;
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system, the method comprising: (a) each STA maintaining a database of
one-hop STAs and two-hop STAB, the one-hop STA being a STA that
can monitor the other STAB and the two-hop -13 STA being a STA that
cannot hear the other STAs directly but is associated with a one-hop
STA; and (b) STAs that want to communicate with each other sending a
message to their one-hop STAs regarding a desired communication
between STAB, whereby the communication between the STAB is not
disrupted by neighboring STA transmissions. 24. The method of
embodine fitZ3FUAendorg pristugest peesrageI T Ao iR Joheosystemication
Q%dﬁit%&ﬁgcg@&x message to neighboring STAs; (d) existing STAs

sendlgé;) a response to the new STA with necessary information; and (e

 1F . (€)
the ne/ SreA BlpTRIRESTRATANOI Ry kA PEGHiRtRORTSRRithe first
otresST A RReddigTReined:Bf embesdigeti2Amyherin the information
includ@ %ril le tonedg bandwidthé a fre(%uen(':\%é)aarédi sub-carr;gr arce for
information ittt SRR AETERIE-o (TP Ut (IMO) Felated tiormation. a
seppivéthsithratsrengthaidication (RSSI), interference, medium access
control (MAC) address, service capability and other information about the
STA sendinzpthe response. 26. The method of embodiment 24 wherein

the nevdSTA BeaptBod phmbraitpest fdtherrin fhe tih sendg dih respagse

capadiciipe 814 A7 ma wislesadgmmunication system including at
least one access point (AP) and a plurality of stations (STAs), a method
for peer-to-peer

29. 'The method of embodiment 27 wherein the response message is

broadcast whereby all other STAs are informed about the resource assignment.

30. Themethod of embodiment 27 wherein the AP implements a DLS to

egtablish a direct commumnication link between the first and second STAs.

31. Themethod of embodiment 30 wherein a DLS is implemented ifthe
channel quality is better between the first and second STAs when they

communicate over the direct communication link than when they communicate
via the AP.

32. A wireless communication gystem comprising:

{a) at least one access point (AP);

(b) a first station (8TA), and

(c) a second STA, wherein (i) the first STA sends a direct link setup (DLS)
request to the AP for setting up a direct communication link to the second STA,
(ii) the AP forwards the DLS request to the second STA, (iii) the second STA
sends a response to the AP either accepting or rejecting the DLS request, (iv) the
AP determines whether or not to accept the DLS request, and (v) the AP sends a
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communication in the wireless communication system, the method
comprising: (a) each STA maintaining a database of STAB that each STA
can directly communicate with and STAB that each STA can
communicate with through an AP; -14 (b) a first STA sending a request
message to the AP for communication with a second STA,; (c) the AP
determining whether to permit communication between the first STA and
the second STA directly or through the AP; and (d) the AP sending a
response message for assigning a resource for supporting the
DoMmespoatioto 2Be Thstnfdthoarbexainb dhar@rat TdhendinthhesgPrdeRds

Eﬂi"x%éﬁ?% 156 uMESRARRAGIG JELST Mamsh 8esREADEL 3lepted, The

method of embodiment 27 wherein the response message is broadcast
whereby all other STAs are informed about the resource assignment. 30.

The mﬁthod’mi@@y@eéimmﬁﬁdmﬁgmm%&kﬁpm%m@iﬁm as to

ish a dlre t comm link betw flr TAs
SRR RN o SR DL SO o EPBTECR THO R e
mmma@m&@emw@fﬁ%nd second STAs when they
communicate over the direct communication link than when they
communicate via the AP. 32. A wireless communication system

comprigng: Y&y SYRE&% heabeddaspbint (RDFres) £ idamaintdgnps to

Adifedrnsee0Braadept RGBS {bhihafitsh=bA setisca euecldiikeseitpy of
gg%;% request to the AP for setting up a direct communication link to the
d STA,

35. The system of embodiment 32 wherein the determination as to
whether or not to accept the DLS request is based on the capability of the first
and second STAs.

36. The system of embodiment 32 wherein the defermination as to
whether or not to accept the DLS request is based on the quality of a channel
over which data packets are exchanged between the first and second STAs.

37. The system of embodiment 36 wherein the channel quality is
determined by exchanging packets between the first and second STAs before a
DLS is implemented.

38. The sysiem of embediment 32 wherein the determination as to
whether or not to accept the DLS request. 18 based on an interference level of a

channel over which data packets are exchanged between first and second STAs.
39. The system of embodiment 32 wherein the DLS request includes at

least one of a rate set, capabilities of the first STA, and medium access control
(MAC) addresses of the first STA and the second STA.
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(ii) the AP forwards the DLS request to the second STA, (iii) the second
STA sends a response to the AP either accepting or rejecting the DLS
request, (iv) the AP determines whether or not to accept the DLS request,
and (v) the AP sends a -15 DLS response to the first STA, whereby the
first STA and the second STA directly communicate with each other if the
DLS request is accepted. 33. The system of embodiment 32 wherein the
determination as to whether or not to accept the DLS request is based on

the strength of signals exchanged between the first and second STAB.
34. THE systBim sxfssenbolimbediBEREreeistdbeciinieats A megsurement

f@%&é@@ﬁo%@%&@ 85398t theRbhreguestis hasesten Haewriuant 9agd sTA
activity of the AP. 35. The system of embodiment 32 wherein the

WPACTHRiAHBI 251 ARAHHIBT notdossREe it TREPHISS P TSI SRR BH
tbestapakiityofitha firkitantsacohetBrAS 036 addepiyatBhDfequest based
emc%%jirggs%%z évnhcerréesi&ﬁhe determination as to whether or not to accept
the request is based on the quality of a channel over which data
packets are exchanged between the first and second STAs. 37. The

systemof erphpdinent, 3g-whaseinhacianpabaualithis ristesminedi a
exchangln% packets between the first and second STAs hefore a DLgS itshe

MfSRasiRdle 38, PREGFAIRBIPEFRSERE S5 HRdRaTRE = T4 sen

velsraination dslaPwheliibe Ort@TA secbpttb®DE Seqequiist isdraBedlprf
A 'EE%U@;@[‘%&L%’SA ola gﬁ}}%‘%&' Qverwiued datg pa Sf%]%%?%@gw
Stween first'and secon s. 38 he system of embodiment

wherein the DLS request includes at least one of a rate set, capabilities of

the firs{sSTATRRAMRAIUSR GREESHEIMEY wherein the first STA includes an
optimal rate and channel quality information betwesn the first STA and the
second STA in the DLS request.

43,  The sysiem of embodiment 42 wherein the information is obtained

from a previous transmission between the first STA and the second STA.

44.  The system of embodiment 42 wherein the information is obtained

by monitoring transmissions from the second STA.

45. The system of embodiment 32 wherein the AP is configured to reject
the DLS request if the AP can provide a higher overall throughput between the
first and second STAs by facilitafmg transmission via the AP instead of allowing

direct communication between the first and second STAs.

48, The system of embodiment 32 wherein the AP is configured to reject

the DLS request to secure communications between the first and second STAs.
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(MAC) addresses of the first STA and the second STA. -16 40, The
system of embodiment 32 wherein the AP sends a measurement request
to the first STA for measuring a channel condition between the first STA
and the second STA and the first STA sends a response with a
measurement result, whereby the AP determines whether or not accept
the DLS request based on the measurement result. 41. The system of
embodiment 32 wherein the first STA sends a message to the AP for
searching the second STA before the first STA sends the DLS request to
the AR{7and The fipstSiT Af seridd itherD BS whguest tadhefARedhnist dinthesfiost]

STAGEaESJsiavantnormalional thasecend »la FeaLtheAdAged to

The system of embodiment 32 wherein the first STA includes an optimal
intiaine il et e haoh bR hefe fitkedires fanies:
second STA in the DLS request. 43. The system of embodiment 42
wherein the jpformation is ohtained fr revigus transmission between
tho ST A PR B 1 YR BB (AL Fobone
whexeiivithesnfarkedtion is obtained by monitoring transmissions from the

second STA. 45. The system of embodiment 32 wherein the AP is

configured to reject the DLS request if the AP can provide a higher overall
throughput bERReBiR AFtpeiiBehds TrReryHathif TR r‘ﬁ%ﬁ‘sﬁﬁﬁ%@

virdberARdnstaaret aliovinendiract samme Apaiandptvweenthefilsiand.
second STAB. 46. The system of embogiment 32 wherein the AP is
CORRGUY $8RG %%q‘ﬁ’é%’f t8"€ecure communications between

the first and second STAB. -17 47. The system of embodiment 32
Where'&O.e ac I&‘B& g}%t@ﬁto?@%ﬁggﬁg&t 49 wherein the measurement packet is
one of a channel guality indicator (CQI), a received signal strength indication

(RS8D or an interference measurement.

51, In a wireless communication system including at least one access
point (AP) and a plurality of stations (STAs), a method comprising:

{a) the AP sending a direct link setup (DLS) initiate message to a fret STA
and a second STA for setting up a direct communication link between the first
and second STAs;

(b) each of the first and second STAs sending a DLS request message to the
AP, each DLS request message indicating whether the DLS initiate message is
accepted or rejected hy the respective STA; and

(c) the AP sending a DLS response message to each of the first and second
STAs to initiate a data transfer over a commumnication link between the first and
second STAs if both of the DLS request messages indicate that the DLS initiate

request is accepted.

52, | The method of embodiment 51 wherein the DLS initiate message
includes an action frame used by the AP to initiate a DLS setup between two
STAs.
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STAs include a timer, and each of the first and second STAs is configured
to initiate a DLS teardown carried out by the Al? before the timer expires.
48. The system of embodiment 47 wherein the timer is reset in response
to receiving a packet. 49. The system of embodiment 32 wherein the first
STA sends a measurement packet to the second STA and the AP before
DLS is implemented to improve a data rate and a packet error rate. 50.
The system of embodiment 49 wherein the measurement packet is one of
a channel quality indicator (CQI), a received signal strength indication
(RSSI) or an interference measurement. 51. In a wireless communication

systemgancluging 3l eashONg eI rRUIRLLRRL 3% AP A O SIRLNS
(STAs), a method comprising: (a) the AP sending a direct link setup (DLS)

iR ressagr e anfisied Ao aleraasRlon® serrort Setrig-up a direct

communication link between the first and second STAs; (b) each of the

first and, secppd ST ending a DLS request message to the AP, ea
DLS r%ﬂesﬁ%%s@gég%lan f:g‘fgﬁ gox&v%g{h%%%glﬁfg%i i |§’t§e Wnt%%rfé%é%% %jLS
seTEpEiroessge tec by igrredSpatiive BF A Rihel itd)idte ARESdingeaDv®
@pRENse message to each of the first and second STAs to initiate a data
transfer over a communication link between the first and second STAs if
both of the DLS request messages indicate that the DLS initiate request
is accefited. BRe Thehoe shiicdimhediflentbicmhereDItRa tiSntiaiense
merspge, Indlides an 850 MG S Rlg Afkgnitate & DLS setup

568, The method of embodiment 55 wherein each of the 8TAs must
respond back to the AP with a DLS request message before the timer expires to
initiate a DLS hetween the STAs.

£ * He
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53. The method of any one of embodiments 51 and 52 wherein the DLS
initiate message is configured to allow a STA to respond thereto. 54. The
method of any one of embodiment 51-53 wherein the DLS response
message is configured to allow the AP to initiate a DLS between two
STAs. 55. The method of embodiment 51 wherein the DLS initiate
message includes an action frame having a timer information field. 56.
The method of embodiment 55 wherein each of the STAs must respond
back to the AP with a DLS request message before the timer expires to
initiate a DLS between the STAs, - IMS What is claimed is: 1. A
method for use in an access poinq or establishing a direct link setup
LS), the method comprising: receiving, from a first station (STA), a DLS
Wh%d%glsl oerég‘cé'tablishing a direct communication link with a second STA,
the DLS request including a high throughput (HT) capabilities element
that indicates an antenna technology of the first STA; and transmitting a
DLSlresponsmiétididaing s DL Srgrantsarian (Adicdaonsefithehiag a direct link
set%'il‘_@%ﬂ‘?ﬁe%é%é% ¢ STA. 2. The method of claim 1, wherein the

request includes at least one of a rate set and medium access ‘
contieASENIAE el re o6 Fativa filst STA diletiesssole Srklighimgen direct

corMfiRed @l iaims Aon 2. fMHNRICOMPLISING: FRARIMING-AMSASUW AR oughput
request for measuring a channel condition; and transmlttlng a response
IF

(HihseRioiiges demenisine Meiseistaméipmigkpology of the first STA; and

“transmitting a DLS response indicating a DLS grant and an indication of the HT

capabilities of the second STA.

2. The method of claim 1, wherein the DLS request includes at least one of a
rate set and medium access control (MAC) addresses of the first STA and the second
STA.

3. The method of claims 1 or 2, further comprising:
receiving a measurement request for measuring a channel condition; and

transmitting a response that includes a measurement result from the AP,

4. The method of anyone of the preceding claims further comprising:

nitiating a DLS teardown in response to a timer expiring.

5. The method of claim 4, further comprising:

resetting the timer in response to receiving a packet.
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4. The method of anyone of the preceding claims further comprising:

initiating a DLS teardown in response to a timer expiring. 5. The method of

claim 4, further comprising: resetting the timer in response to receiving a

packet. -20 6. An access point (AP) configured to establish a direct link

setup (DLS), the AP comprising: a receiver configured to receive a DLS

request from a station (STA) to establish a direct communication link with

a remote STA, the DLS request including a high throughput (HT)

capabilities element that indicates an antenna technology of the STA; and

a transmitter configured to transmit a DLS response that indicates a DLS

grari. and an snckieationtaithecdificapabitittembliithe danwienS EAuy (DhE), the
AP’?‘:E n[(]?f]r&:l]aim 6, wherein the receiver is configured to receive a DLS

requ%si> it includes at least one of a rate set and medium access control

(MACkatdressdzafethe STA v Bheé nemete BI0A 28tdTe (R HF tlaistabbsh a
airl: TeRIRIBAN, RS TRAeTdS, piher EPRIGHECHIR YR Botuding o high

measurement request for measuring a channel condition; and the receiver
thronighiet! Ebh figpatd ties relesicet ahasspdivseesvith anfpitisipdmeneyeslithe $TA:
andl he AP of any one of claims 6 to 8 further comprising: a timer configured

to initiate a DLS teardown in response to the timer expiring. 10. The AP of

clairh BaRsRETEmcadigmt 18 é@ﬁﬁ@&u{r@df%b%éeﬁégéwﬁﬁswéﬂ@ée% DLS grant
and @AeNANARRAEKRL 2 kapabilities of the remote STA.

7. The AP of claim 6, wherein the receiver is configured to receive a DLS
request that includes at least one of a rate set and medium access control (MAC)

addresses of the STA and the remote STA.

8. The AP of claims 6 or 7, wherein the transmitter is further configured to
transmit a measurement request for measuring a channel condition; and

the receiver is further configured to receive a response with a measurement result.

9. The AP of any one of claims 6 to 8 further comprising:

a timer configured to initiate a DLS teardown in response to the timer expiring.

10. The AP of claim 9, wherein the timer is configured to be reset in response

to receiving a packet.



