wo 2017/155680 A 1[I I 0000000 0 O

(43) International Publication Date

Organization
International Bureau

—~
é

=

\

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

(10) International Publication Number

WO 2017/155680 A1

14 September 2017 (14.09.2017) WIPO | PCT
(51) International Patent Classification: (74) Agents: PERDOK, Monique M. et al.; Schwegman Lund-
HO4W 76/04 (2009.01) HO04W 80/06 (2009.01) berg & Woessner, P.A., P.O. Box 2938, Minneapolis, Min-
HO4W 76/02 (2009.01)  HO4W 88/06 (2009.01) nesota 55402 (US).
HO4W 8/00(2009.01) (81) Designated States (uniess otherwise indicated, for every
(21) International Application Number: kind of national protection available): AE, AG, AL, AM,
PCT/US2017/018424 AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
. . BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
(22) International Filing Date: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
17 February 2017 (17.02.2017) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
(25) Filing Language: English KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
(26) Publication Language: English NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
(30) Priority Data: RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
15/067,972 11 March 2016 (11.03.2016) US TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, M, ZW.
(63) Related by continuation (CON) or continuation-in-part . o
(CIP) to earlier application: (84) Designated States (uniess otherwise indicated, for every
Us 15/067,972 (CON) kind of regional protection available): ARIPO (BW, GH,
Filed on 11 March 2016 (11.03.2016) GM, KE, LR, LS, MW, MZ, NA, RW, 8D, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(71) Applicant: INTEL CORPORATION [US/US]; 2200 TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
Mission College Boulevard, Santa Clara, California 95054 DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(US). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, S, SK,
(72) Inventors: RAJAMANI, Krishnan; 11312 Shorepointe E}I;/IV El{v)[ &?P{\A(EFI,\IELS%F,TCDG"}S} CM, GA, GN, GQ,
Ct, San Diego, California 92130 (US). HUANG, Gary C.; i i i A '
1951 Schrader Drive, San Jose, California 95124 (US). Published:

LIN, Xintian E.; 323 Oxford Ave., Palo Alto, California
94306 (US). HANSEN, Carl C.; 19504 SW Ruth Ct.,
Aloha, Oregon 97007 (US).

with international search report (Art. 21(3))

(54) Title: TRANSITIONING FROM AN INFRASTRUCTURE BASED WIRELESS CONNECTION TO A PEER TO PEER
(P2P) WIRELESS CONNECTION

SOURCE

CONNECTED TC SINK

VIA INFRA NETWORK

NETWORK (E.G.,
INTRANET}

()
( ﬂ>

WLAN ACCESS
POINT

1030

SOURCE (PC
CLIENT)

FiG. 1

'r—‘l 060

r—']O?O

SINK {DISPLAY)

(57) Abstract: Disclosed in some examples are methods, systems, devices, and machine readable mediums which provide for device
discovery and P2P negotiation in infrastructure mode and then a transition to P2P mode. This allows devices to take advantage of
the robustness and improved device discovery of infrastructure mode and the reduced latency of P2P mode.



WO 2017/155680 PCT/US2017/018424

W

10

15

TRANSITIONING FROM AN INFRASTRUCTURE BASED
WIRELESS CONNECTIONTO A PEER TO PEER (P2P)
WIRELESS CONNECTION

PRIORITY APPLICATION
(6601} This application claims the benefit of priority to U.S. Application Serial
No. 15/067,972, filed March 11, 2016, which is incorporated herein by reference in

its cutirety.

TECHNICAL FIELD
(60621 Ermbodiments pertain to wireless technologies. Some embodiments
relate to efficient switching between infrastructure based wireless connections to

P2P hased wireless connections.

BACKGROUND
180031 Typical Wireless Local Area Networks (WLANs) that are implemented
in accordance with an Institute for Electrical and Electronics Engineers (IEEE)
802.11 famuly of standards operate 1n an infrastructure mode. Infrastructure mode 1s
where access points (APs) create and announce the presence of a WLAN. Client
devices scan the air interface and read the announcements to discover the existence
of the WLAN. Devices may then connect to these APs to receive services from the
AP such as Internet access. The AP and the client devices each have defined roles
which dictate how the client devices and the AP communicate with one another. All
communications in infrastructure mode involve communicating through the AP,
Thus, if two connected clients want to communicate with each other, they must

conununicate through the AP.
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BRIEF DESCRIPTION OF THE DRAWINGS
160841 In the drawings, which are not necessarily drawn to scale, like numerals
may describe similar components in different views. Like numerals having different
letter suffixes may represent different instances of sirotlar components. The
drawings illustrate generally, by way of example, but not by way of limitation,
various embodiments discussed in the present document.
[6605] FI1G. 1 shows an example wireless connection environment according to
some examples of the present disclosure.
1884461 FIG. 2 shows a flowchart of a method of a first wireless device
establishing a P2P connection with a second wireless device according to some
examples of the present disclosure.
(66671 FIG. 3 shows a flowchart of a more detailed method of a first wireless
device establishing a P2P connection with a second wireless device is shown
according to some examples of the present disclosure.
(30881 FIG. 4 shows a flowchart of a second method of a first wireless device
establishing a P2P counection with a second wireless device according to some
examples of the present disclosure.
1884891 FIG. 5 shows a logical schematic of a source wireless device and a sink
wireless device according to some examples of the present disclosure.
[6618] HIG. 6 15 a block diagram llustrating an example of a machine upon

which one or more embodiments may be implemented.

DETAILED DESCRIPTION
(6011} For some applications, infrastructure mode is not optimal. For example,
wireless media technologies aliow for media sources (such as a computing device)
to send or stream media to a sink device {c.g., a display). Using infrastructure mode
for this application can cause media playback lag and in some cases jitter because of
the increased latency introduced by the lack of a direct connection between the

source device and the sink device.
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16012} Wi-Fi Direct is a wireless standard which specifies protocols and
techniques used by devices to connect to one another without a wireless access point
or other infrastructure. Wi-Fi Direct is an example of a wireless Peer-to-Peer
technology (P2P) where two wireless devices talk divectly to each other without the
use of an intermediary such as an access point or a base station. Wi-Fi Direct
devices communicate with each other using P2P Groups. A group owner (GO)
provides functionality similar to that of a WLAN AP in a traditional infrastructure
mode. Setting up a Wi-Fi Direct connection may involve device discovery, service
discovery, group formation, authentication, and negotiating a group owner.

[6013] P2P technologies such as Wi-Fi Direct have been applied to a number of
applications inclading media streaming applications such as wireless display.
Wireless display applications use P2ZP to stream content from a source device {e.g., a
mobile phone or other content source) to a sink device (a wircless display). P2P
wireless display applications make more efficient use of the limited wireless
spectruom and bandwidth than traditional jofrastructure comrounications as the
media is communicated directly from the source device to the sink device. While
the performance of P2P wircless display applications may be faster because of the
direct Hnk, these P2P applications suffer from other issues. For example, device
discovery and connection is less robust, takes longer to connect {due to the
additional procedures required by P2P connection protocols), and adds additional
complexity. For example, P2P wireless display applications may entail additional
complexity where, for example, the P2P connection requires the P2P link tobe on a
different channel than the infrastructure connection {e.g., due to regulatory
reasons).

16614} In order to address these problems, attempts have been made to improve
infrastructure mode that addresses the delay associated with the indirect connection
between the source device and the sink device. Despite these improvements, these
solutions depend on network administrators to properly configure and setup their
networks to accommodate this solution. This is not always an acceptable or popular

soluation.
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[0015] Disclosed in some examples arc methods, systems, devices, and machine
readable mediums which perform wireless device discovery, P2P switching
capability discovery, and P2P conncction parameter messaging in infrastructure
mode, and then transition to P2P mode. This allows wireless devices to take
advantage of both the robustness and improved device discovery of infrastructure
mode and the reduced latency of P2P mode. In some examples, the wireless device
discovery, P2P switching capability discovery, and P2P connection parameter
messaging may be done using comumunication protocols that are above a medium
access control (MAC) layer in a protocol stack. For example, a transport or
application protocol layer. In some examples, media streaming may also start over
infrastructure mode and then transition to P2P mode to reduce a delay between
connection and media streaming.

EHEY A first and a second wireless device {irst authenticate and associale with
an infrastructure device {e.g., an AP} or otherwise become communicatively
coupled to the nfrastructure device. Communications occurring through the
infrastructure device are termed infrastructure mode communications. Peer
discovery then takes place using infrastructure mode communications. During peer
discovery, the first and second wireless devices discover each other. Once the
wircless devices discover each other they may determine whether they both are
capable and willing to transition to a P2P connection. In some examples the
wireless devices may determine their willingness to transition to a P2P connection
using information exchanged in one or more discovery protocol messages sent as
part of peer discovery. In some examples, in addition to the willingness
information, the peers may exchange or discover P2P connection parameters, such
as Group Owner, channel, MAC addresses, and the like.

[6017] In other examples, rather than exchange information through discovery
messages, alter peer discovery, the devices may establish one or more protocol
connections to exchange information. Example protocol connections include
transport layer and application layer protocol connections over the infrastructure

mode. For example, the wireless devices may establish a Transmission Control
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Protocol (TCP) session. The wireless devices may determine thewr willingness to
transition to a P2P connection using information exchanged over these protocol
connections. In some examples, in addition to the willingness information, the
peers may exchange or discover P2P connection parameters over the protocol
connections. The wireless devices may also setup and begin streaming media using
infrastructure mode comrmunications over the protocol connections. For example,
the wireless devices may establish TCP, Real Time Streaming Protocol (RTSP), and
Real Time Transport Protocol (RTP) connections and begin streaming media.
These examples allow media to begin streaming faster than waiting until the switch
to the P2P connection.

16618} The peers may then switch to a P2P conpection, in some examples, in
accordance with the agreed upon P2P connection parameters. Communications
using the P2P connection are termed P2P mode communications. If the wireless
devices began streaming media using the infrastructure mode communications, the
streaming may be switched to the P2P mode communications.

16619 Turming now to FIG. 1, an example wireless connection environment
1000 is shown according to some examples of the present disclosure. In some
examples, wircless devices in a media streaming environment may be terimed a
source device — which designates this wireless device as the source of streaming
media — or a sink device, which designates this device as a destination of the media.
Source device 1040 and sink device 1010 are communicatively coupled to each
other through WLAN Access Point 1030, For example, source device 1040 is
authenticated and associated with WLAN Access Point 1030. Sink device 1010 is
communicatively coupled to WLAN Access Point 1030 through network 1020,
Source device 1040 (shown as a laptop computer) may discover sink device 1010
(shown as a television) over the infrastructure mode communications provided by
the WLAN Access Point 1030 and in some examples, other network elements (such
as portions of network 1020). In some examples, source device 1040 and sink
device 1010 may be communicatively coupled (e.g., connected) wirelessly or

through a wired connection directly to WLAN Access Point 1030. In other

&
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examples, and as shown with respect to Sink 1010 in FIG. 1, one or both of the
wireless devices may be communicatively coupled (wired or wirelessly) to WLAN
Access Point 1030 by or through other network elements. In FIG. 1, a wireless
connection is denoted by a dotted hine, whereas a wired connection is denoted by a
solid line.

[6628] Sink device 1010 and source device 1040 may discover each other by
utilizing the infrastructure mode communications their common connectivity with
WLAN Access Point 1030 affords. Once source device 1040 and sink device 1010
are communicatively coupled to WLAN Access Point 1030, source device 1040 and
sink device 1010 may utilize one or more discovery and connection protocols to
discover each other and the services each device provides. Example protocols
include Simple Service Discovery Protocol (SSDP), Universal Plug and Play
(UPnP), Multicast Domain Nare Systern (mDNS), mDNS over Application Service
Platform 2 (ASP2), and the like. As an example discovery method, a device may
broadcast, or multicast a User Datagram Protocol (UDP) packet to a designated IP
address and port to advertise the device’s avatlability and services. Other devices
may listen for these packets to discover the sending device and the services it offers.
18821 In some examples, the discovery messages may inclade an indication of
the ability of the device to switch to a P2P mode. In some examples, the discovery
messages may also convey one or more P2P connection parameters. Example P2P
connection parameters include Group Owner (GO) polarity, GO channel, MAC
addresses and the hike. As a result of determining through the discovery messages
that the source device 1040 and the sink device 1010 support switching to P2P
mode, the source device 1040 and the sink device 1010 may establish a P2P
connection 1060 {e.g., a Wi-Fi Direct connection, a 802.112 family of standards
promulgated by the Institute for Electrical and Electronics Engincers (IEEE), and
the hke).

60221 Once a P2P connection is established, the source device 1040 may setup
a roedia streaming session (e.g., a wireless display session) and begin streaming

media. For example, the source device 1040 and the sink device 1010 may setup
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RTSP and Real Time Transport Protocol (RTP) sessions. Once these sessions are
setup, the source device 1040 may send and the sink device 1010 may receive and
consume the media. Consuming the media includes playing, presenting, or
displaying the received streaming media. Streaming protocols may include Real
Time Transport Protocol (RTP), Motion Picture Experts Group — Transport Stream
(MPEG-TS), and the like using codecs such as H.264, H.265, Advanced Audio
Coding (AAC), Linear Pulse-Code Modulation (LPCM), and the like.

[6023] In another example method of transitioning between infrastructure mode
communications and P2P mode communications, once the source device 1040
discovers the sink device 1010 they may establish one or more protocol connections
using infrastructure mode communications. This is in contrast to an implementation
where the discovery protocols were used to exchange this information. For
example, the devices may setup one or more transport and application layer protocol
connections using protocols such as a TCP, Real Time Streaming Protocol (RTSP)
session, and the like. One or both of siok device 1010 and source device 1040 roay
convey the ability to switch to a PZP connection to the other device using these
protocols and the connectivity they provide. Additionally, one or more P2P
connection parameters may be exchanged over the established infrastructure mode
communications. For cxample, the devices may determine which device will be the
Group Owner, which wireless chanunel the P2P session will use, exchange Medinm
Access Control (MAC) addresses, and other information. In some examples, if the
infrastructure-based protocol connections includes an RTSP session, an RTSP GET
PARAMETER ({(e.g., M3) message may be utilized to discover the capability and
P2P connection parameters.

16624} Daring this time, source device 1040 and sink device 1010 may setup a
media streaming (c.g., wircless display) session using infrastructure mode
communications and begin streaming media. For example, source device 1040 and
sink device 1010 may setup a RTSP session (if it was not already setup previously)
and a Real Tiroe Transport Protocol (RTP) session. Once the RTP session is setup,

source device 1040 may send and sink device 1010 may receive and consume the
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media. Consuming the media includes playing, or displaying the received streaming
media. Streaming protocols may include Real Tume Transport Protocol (RTP),
Motion Picture Experts Group — Transport Streamn (MPEG-TS), and the like using
codecs such as H.264, H.265, Advanced Audio Coding (AAC), Linear Pulse-Code
Modulation (LPCM), and the like.

[6625] Sometime during the streaming of the media from the source device
1040 to sink device 1010, source device 1010 may signal the switch to a P2P
connection. Once the switch to the P2P connection is signaled, the P2P link is
established. In some examples, the P2P link is established according to the Wik
Direct standards. The cstablishment of the P2P link may be speed up by utilizing the
P2P connection parameters exchanged over the established infrastructure protocol
connections. In some examples an RTSP SET PARAMATER (e.g., M4) message
may be utilized to sigoal av intention to switch to the P2P link.

[6026] Once the P2ZP link is established, the wireless display session is started
on the P2P link. For example, paralle]l RTSP and RTP sessions are inttiated over the
P2P link, where the RTSP and RTP sessions are similar or the same as those
istantiated over the WLAN AP 1030 and network 1020 infrastructure. The media
stream is then rouled over the P2P ok and the infrastructure link may be torn down.
For example, using RTSP, the media stream is “PAUSEJ” on the infrastructure
connection and then “PLAYed” on the P2P connection.

[6627] In some examples, source device 1040 may not begin streaming on the
infrastructure connection, instead opting to wait uniil the P2P connection is
established. This may introduce connection delay that is noticeable to a user. If
source device 1040 streams over the infrastructure connection, the delay in
establishing the P2P counnection s {fally masked from the vser by overlapping the
P2P connection establishment with the streaming over the infrastructure mode.
188281 In some examples, the media streaming may be subject to content
protection, such as High-Bandwidth Digital Content Protection (HDCP). The
source device 1040 may defler link HDCP untd afier the swiich to the P2P

connection.
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[6629] Furthermore, in some examples, devices 1040 and 1010 may revert from
streaming over the P2P connection to streaming across the infrastrocture
connection. For example, the P2F connection may become unrcliable in that onc or
more guality metrics may deviate from a threshold quality level (e.g.. a Received
Signal Strength may be below a threshold, a packet error rate may exceed a
threshold, and the like). To improve the speed of this transition, the infrastructure
connection, including protocol connections such as TCP and RTSP may be left open
while the P2P streaming is ongoing. Thus, all that needs to be done is to send a
switch command. For example, a “PAUSE” command on the P2P connection and
thenn a “PLAY” command on the infrastructure connection.

1603481 In some examples, source device 1040 or sink device 1010 may have one
or more administrator policies that may dictate if and under what conditions sending
or receiving media streams may occur over P2P and under what conditions sending
or receiving media streams may occur over infrastructure modes. For example, in
some scenarios, i is not possible to switch to a P2P connection without losing the
“same channel” benefits of the infrastructure connection. These same channel
benefits include mmproved display AV latency, WLAN power save, and the like.
One example scenario is where sink device 1010 is provisioned as a group owner on
a separate channel. In these examples, source device 1040 may utilize the
admunistrator policies to determine how to proceed. Options include switching to
P2P or staying with infrastructure mode.

88311 Turning now to FIG. 2, a method 2000 of a first wireless device
establishing a P2P connection with a second wireless device is shown according to
some examples of the present disclosure. The wireless device may be a source
device, a sink device, or any wireless device capable of both nfrastructure
communications and P2P communications. At operation 2010, the first device
becomes communicatively coupled with an infrastructure device. For example,
associating and authenticating with an AP in accordance with an 802.11 family of
standards. At operation 2020, the first device may discover a second wireless

device, the second wireless device that is communicatively coupled with the
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infrastructure, for example, source devices or sink devices. Discovery may be
performed in accordance with one or more discovery protocols, such as Simple
Service Discovery Protocol (SSDP), Universal Plug and Play (UPnP), Multicast
Domain Nare Systermn (mDNS), mDNS over ASP2, and the like.

160321 At operation 2030, the first wireless device determines whether a
discovered second wireless device supports switching to a P2P wireless connection.
This discovery may be made during the device discovery of operation 2030. For
example, one of the discovery protocol messages (€.g., a broadcast message)
announcing the presence of the second wireless device may also signal that the
second wireless device is capable of switching to a P2P mode. Furthermore, the
discovery protocol messages may be used to exchange P2P connection parameters.
In other examples, the first wireless device and the second wireless device may
establish one or more transport and/or application layer protocol connections in
order to exchange information on the ability to switch to a P2P connection and P2P
connection parameters.

166331 In some examples, during this time, the source device 1040 and the sink
device 1010 may setup a media streaming {(e.g., wircless display) scssion using
infrastructure mode communications and begin streaming media. This option
alows for faster media connectivity and reduces delay experienced by a user.
(36341 At operation 2040, the first wireless device and the second device may
establish the P2P connection. If the first wireless device and the second wireless
device exchanged P2P conuection parameters, these may be used (o establish the
P2P connection. In an example, the P2P connection may be a Wi-Fi Direct
connection, an 802.11z connection (also known as Tunncled Direct Link Setup
TDLS), or the Bke. After the P2P connection is established the wireless devices
may communicate with each other directly without the use of an mfrastructure
device such as an AP using P2P mode communications. For example, the devices
could establish a wireless display session. If the devices established a wireless
display session using infrastructure mode communications, the wireless display

session may be moved to the PZP connection.
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106357 Turning now to FIG. 3, a more detailed method 3000 of a first wireless
device establishing a P2P connection with a second wireless device is shown
according to some examples of the present disclosure. In FIG. 3, the {irst wireless
device establishes a connection (o the second wireless device using infrastructure
mode communications. For example, the first and second wireless device
establishes a TCP connection, an RTSP connection, and in some examples, an RTP
connection. At operation 3010, the first wireless device becomes conumunicatively
coupled with the infrastructure. For example, the first wircless device associates
and aothenticates with the infrastructure device. At operation 3020, the first
wircless device discovers a second wireless device. As already noted, this may be
accomplished according to one or more discovery protocols. In addition to
discovering the existence of the second wireless device, the discovery protocols
provide a method of discovering contact information of the second wireless device,
such as an Internet Protocol (IP) address.

(38361 At operation 3030, the {irst and second wireless devices establish a
connection using the infrastructure mode communications. For example, the
devices establish one or more of: a transport layer protocol connection (e.g., TCP),
an application layer protocol connection {e.g., RTSP, RTP), and the like. In some
examples, at operation 3033, these protocol sessions are used to comumunicate an
ability of the first and/or second device to switch to P2P mode, and in some
examples, these protocol sessions may be used to exchange one or more P2P
connection parameters.

(6837 At operation 3040, the first and second wireless device may establish a
media streaming session, such as a wireless display session. For example, one or
more application layer protocol sessions may be established (if they were not
already established at operation 3030) such as RTSP and RTP. RTSP may be used
to control the media stream, whereas the RTP session may be utilized to actually
transfer media content. The first and second wireless devices may transmit video
and/or audio from the source device (one of the first or second devices) to the sink

device (the other of the first or second devices).
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[6038] At operation 3050, the first or second wircless device may signal an
intention to switch to a P2P connection using infrastructure mode communications
{such as the connection established in operation 3030). At operation 3060, the P2P
connection may be established. In some examples, the connection establishment
may be established using previously exchanged (e.g., at operation 3030) PZP
connection parameters. At operation 3070, the [irst and second wireless device may
establish a media streaming session (such as a wireless display session) on the P2P
connection using P2P mode communications. For example, one or more transport
layer protocol connections {e.g., TCP), application layer protoco} connections, and
the like may be established (if they were not already established at operation 3060)
such as RTSP and RTP. RTSP may be used to contro} the media stream, whereas
the RTP session may be utilized to actually transfer media content. At operation
3080, the first and second wireless devices may switch the transmitted video and/or
audio from the infrastructure mode communications to the P2P mode
communications.

166391 Turning now to FIG. 4, a second method 4000 of a first wireless device
establishing a P2P connection with a second wireless device is shown according to
some examples of the present disclosure. In FIG. 4, the first and second devices
exchange the capability of switching between infrastructure and P2P, and in some
examples, P2P connection parameters during the discovery process rather than
establishing transport and/or application layer connections. At operation 4G10, the
first device becomes communicatively coupled with the mfrastructure. For example
the first wireless device associates and authenticates with the infrastructure device.
At operation 4020, the second wireless device is discovered and the ability of the
second device to switch {rom an infrastructure connection to a P2P connection is
also discovered. As already noted, this may be accomplished using discovery
protocol messages of a discovery protocol. During this process, the first wireless
device and second wireless device may also discover or negotiate one or more P2P
connection parameters. At operation 4030, the P2P link may be established. In

some examples, the PZP link may be established in accordance with the P2P
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connection parameters. At operation 4040, a media streaming session {e.g., a
wireless display session} may be created on the P2P connection and media
streaming may begin.

(80461 Turning now to FIG. 5, a logical schematic 5000 of a source wireless
device 5010 and a sink wireless device 5020 are shown according to some examples
of the present disclosure. A source wireless device 5010 1s a device that sends
media to a sink wireless device 5020 which consumes the media. The term
“wircless device” as used herein is generic and encompasses cither the source or
sink wireless devices - thus, the operations of FIGS. 2—4 may be performed by
either a source or a sink wireless device. Source wireless device 5010 and sink
wireless device 5020 may communicate with each other using a P2P mode
communications 5005 or using an infrastructure mode communication 5007,
Source wireless device 5010 and sink wireless device 5020 may bave respective
wireless components 5030 and 5040. Wireless components 5030 and 5040 may
implement one or more aspects, protocols and layers of a wireless communication
standard, sach as an [EEE 802.11 family of standards, Wi-Fi Direct standards
promulgated by the Wi-Fi Alliance, an L'TE family of standards promulgated by the
Third Generation Partnership Project (3GPP), an LTE-Advanced family of
standards and the like. Wireless components 5030 and 5040 may implement a
physical layer, medium access control layer (MAC), a logical link control layer and
the like. Other protocols may include Radio Link Control (RLC) layer, Packet Data
Convergence Protocol (PDCP), and the like. In some examples, wireless
component 3030 may also setup one or more transport protocols such as TCP.
Wireless components 3030 and 5040 may have P2F components 5050 and 5070
respectively which may handle the P2P connections and protocols for the wireless
components 3030 and 5040 respectively. Similarly, wireless components 5030 and
5040 may have respective infrastructare components 3060 and 5080 to handle the
infrastructure connections and protocols for the wireless components.

(6641} Source wireless device 5010 may have a media component 5090

responsible for streaming media to sink wireless device 5020. Sink wireless device
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5020 may also have a media component 5100. These components 5090 and 5100
may umplenmenting one or more application-layer protocols such as RTSP, RTP, and
the hike to implement media streaming such as wircless display apphications. These
components 3090 and 5100 may also implement one or more encoding or decoding
operations.

(066423 Source wireless device 5010 and sink wireless device 5020 may have an
infrastructure to P2P control component 5110 and 5120, respectively. This
component 5110 and 5120 may control the discovery of other wircless devices; P2P
capability and connection parameter exchange over infrastructure communications
mode; P2P establishment; media streaming cstablishment, termination and transfer;
and the like. For example, the infrastracture to P2P control components 5110 and
5120 may control the processes described in FIGS. 2-4.

(80431 Source wireless device 5010 and sink wireless device 5020 may mclude
respective data stores 5130 and 5140 for storing data. Data stores 5130 and 5140
may store P2P connection pararseters, information about discovered wireless
devices {e.g., IP address, MAC address, services provided, and the like), media files,
and the like.

16644 Sink wireless device 5020 may contain a display component 5150 that
may interface with one or more integral or external displays and/or speakers. For
example, media streamed from the source wireless device 5010 may be transmitted
to sink wireless device 5020 using either P2P mode comumunications or
infrastructure mode communications. Media component 5100 may decode the
media and pass it to display component 5150 which may render one or more frames
of video for presentation on a display.

16645} FI1G. 6 illustrates a block diagram of an example machine 6000 upon
which any one or more of the technigues {(e.g., methodologies) discussed herein may
perform. In alternative embodiments, the machine 6000 may operate as a
standalone device or may be connected (e.g., networked) to other machines. Ina
networked deployment, the machine 6000 ruay operate in the capacity of a server

machine, a client machine, or both in server-chient network environments. Inan
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example, the machine 6000 may act as a peer machine in peer-io-peer (P2P) (or
other distributed) network environment. The machine 6000 may be a wireless
device including a source device or a sink device, a personal computer (PC), a tablet
PC, a set-top box (STB), a personal digital assistant (PD A}, a mobile telephone, a
smart phone, a web appliance, a network router, switch or bridge, or any machine
capable of executing instructions (sequential or otherwise) that specify actions to be
taken by that machine. Further, while only a single machine is illustrated, the term
“machine” shall also be taken to include any collection of machines that
individually or jointly execute a set (or multiple sets) of instructions to perform any
one or more of the methodologies discussed herein, such as cloud computing,
software as a service {SaaS), other computer cluster confligurations.

[6646] Examples, as described herein, may include, or may operate on, logic or
a namber of components, modules, or mechanisms. Modules are tangible entities
(e.g.. hardware) capable of performing specified operations and may be configured
or arranged in a certain manner. In an example, circoits may be arranged {(e.g.,
internally or with respect to external entities such as other circuits) in a specified
manner as a module. In an example, the whole or part of one or more computer
systems {e.g., a standalone, client or server computer system) or one or more
hardware processors may be configured by firmware or software {¢.g., instructions,
an application portion, or an application) as a module that operates to perform
specified operations. In an example, the software may reside on a machine readable
medinm. In ao exaruple, the soltware, when executed by the underlying hardware
of the module, causes the hardware to perform the specified operations.

16647} Accordingly, the term “module” is understood to encompass a tangible
entity, be that an entity that is physically constructed, specifically configured {e.g.,
hardwired), or temporarily (c.g., transitorily) configured (¢.g., programmed) to
operate in a specified manner or to perform part or all of any operation described
herein. Considering examples in which modules are temporarily configured, each
of the modules need not be instantiated at any one moment in time. For example,

where the modules comprise a general-purpose hardware processor configured
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using software, the general-purpose hardware processor may be configured as
respective different modules at different times. Software may accordingly configure
a hardware processor, for example, to constitute a particular module at one instance
of time and to constitute a different module at a different instance of time.

16648} Machine {(e.g., computer system} 6000 may include a hardware processor
6002 (e.g.. a central processing urut (CPU), a graphics processing unit (GPU), a
hardware processor core, or any combination thereof), a main memory 6004 and a
static memory 6006, some or all of which may communicate with cach other via an
interlink {e.g., bus) 6008. The machine 6000 may further include a display unit
6010, an alphanumeric input device 6012 (e.g., a keyboard), and a user interface
(U} navigation device 6014 {e.g., a mouse). In an example, the display unit 6010,
input device 6012 and Ul navigation device 6014 may be a touch screen dispiay.
The machine 6000 ruay additionally include a storage device (e.g., drive unit) 6016,
a signal generation device 6015 {(e.g., a speaker), a network interface device
o0Error! Reference source not found.20, and one or more sensors 6021, such as a
global positioning system (GPS) sensor, compass, acceleromeler, or other sensor.
The machine 6000 may include an cutput controler 6028, such as a serial {(e.g.,
universal serial bus (USB), parallel, or other wired or wireless (e.g., infrared{IR},
near field communication (NFC), etc.) connection to communicate or control one or
more peripheral devices (e.g., a printer, card reader, etfc.).

[6649] The storage device 6016 may include a machine readable medium 6022
on which is stored one or more sets of data structures or instructions 6024 (e.g.,
software) embodying or utilized by any one or more of the techniques or functions
described hercin. The instructions 6024 may also reside, completely or at least
partially, within the main mewmory 6004, within static memory 6006, or within the
hardware processor 6002 during execution thereof by the machine 6000. Inan
example, one or any combination of the hardware processor 6002, the main memory
6004, the static memory 6006, or the storage device 6016 may constitute machine

readable media.
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[0056] While the machine readable medinm 6022 is llustrated as a single
medium, the term "machine readable medium” may include a single mediam or
multiple media (e.g., a centralized or distributed database, and/or associated caches
and servers) configured to store the one or more nstructions 6024.

16651} The term “machine readable medium” may include any medium that is
capable of storing, encoding, or carrying nstructions for execution by the roachine
6000 and that cause the machine 6000 to perform any one or more of the technigues
of the present disclosure, or that is capable of storing, encoding or carrying data
stractures used by or associated with such instructions. Non-himiting machine
readable medium examples may include solid-state memories, and optical and
magnetic media. Specific examples of machine readable media may include: non-
volatile memory, such as semiconductor memory devices (e.g., Electrically
Programmable Read-Ouly Memory (EPROM), Electrically Erasable Programimable
Read-Only Memory (EEPROM)) and flash memory devices; magnetic disks, such
as internal hard disks and removable disks; magneto-optical disks; Random Access
Memory (RAM); Solid State Drives (§5D); and CD-ROM and BVD-ROM disks.
In some examples, machine rcadable media may include non-transitory machine
readable media. In some examples, machine readable media may include machine
readable media that is not a transitory propagating signal.

(46521 The instructions 6024 may further be transmitted or received over a
communications network 6026 using a transmission medium via the network
mterface device 6020. The machine 6000 may communicate with one or more other
machines utilizing any one of a number of transfer protocols {e.g., frame relay,
internct protocol (IP), transmission control protocol (TCP). user datagram protocol
(UDP), hypertext transfer protocol (HTTP), etc.). Example commanication
networks may include a local area network (LAN), a wide arca network (WAN), a
packet data network {e.g., the Internet), mobile telephone networks (e.g., cellular
networks), Plain Old Telephone (POTS) networks, and wireless data networks (e.g.,
Institute of Electrical and Electronics Engineers (IEEE) 802.11 family of standards

known as Wi-Fi®, IEEE 802.16 family of standards known as WiMax®), IEEE
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802.15.4 family of standards, a Long Term Evolution (LTE) family of standards, a
Universal Mobile Telecommunications System (UMTS) fanily of standards, peer-
to-peer (P2P) networks, among others. In an example, the network interface device
6020 may include one or more physical jacks (e.g., Ethernet, coaxial, or phone
jacks) or one or more antennas to connect to the communications network 6026. In
an example, the network interface device 6020 may inclade a plorality of antennas
to wirelessly comumunicate using at least one of single-input multiple-output
(SIMQO), multiple-input multiple-output (MIMO), or multiple-input single-output
(MIS0) techniques. In some examples, the network mterface device 6020 may
wirclessly communicate using Multiple User MIMO techniques.

[6653] OTHER NOTES AND EXAMPLES

[6654] Example 1 is a method comprising: at a first wireless device using a
processor: establishing a first wireless connection with a wireless access
infrastructure device; discovering, using the {irst wireless connection, a second
wireless device, the second wireless device communicatively connected to the
wireless access infrastructure device; determining that the second wireless device is
capable of switching to a peer-to-peer wireless connection using a comumunication
protocol that is above a Medium Access Control Protocol in a protocol stack; and
gstablishing a peer-to-peer wircless connection with the second wireless device.
(60357 In Example 2, the subject matter of Example 1 optionally includes, wherein
determining that the second wireless device is capable of swiiching to the peer-to-
peer wireless connection comprises using information in a discovery protocol
message sent by the second wireless device as part of discovering the second
wircless device,

[6656] In Example 3, the subject matter of any one or more of Examples 1-2
optionally include determining a peer-to-pecr connection parameter using
information in a discovery protocol message sent by the second wireless device as
part of discovering the second wireless device, and wherein establishing the peer-to-
peer wireless connection with the second wireless device comprises using the peer-

to-peer connection parameter.
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[6657] In Example 4, the subject matter of any one or more of Examples 1-3
optionally include: establishing a protocol connection with the second wireless
device using the first wircless connection, wherein determining that the second
wireless device is capable of switching to the peer-to-peer wireless connection
comprises utilizing the protocol connection, the protocol connection being one of: a
transport layer protocol or an application layer protocol.

[6658] In Example 5, the subject matter of Example 4 optionally includes, wherein
the protocol connection is a Transport Control Protocol (TCP).

13659] In Example 6, the subject matter of any one or more of Examples 4-5
optionally include, wherein the protocol connection is a Real Time Streaming
Protocol.

[6668] In Example 7, the subject matier of any one or more of Examples 4-6
optionally include: determining a peer-to-peer connection parameter using the
protocol connection; and wherein establishing the peer-to-peer wireless connection
comprises using the peer-to-peer connection parameter.

166611 In Example 8, the subject matter of any one or more of Examples 4-7
optionally include: streaming a media file to the second wireless device using the
first wireless connection using the protocol connection; and subseguent to
establishing the peer-to-peer wireless connection with the second wireless device,
switching the streaming of the media file from the {irst wireless connection to the
peer-to-peer wireless connection.

{8662] In Example 9, the subject matier of Example 8 optionally inchudes, wherein
streaming the media file comprises streaming the media file using a Real Time
Transport Protocol (RTP).

[6663] In Example 10, the subject matter of any one or more of Examples 1-9
optionally include, wherein the peer-to-peer wireless connection is a Wi-Fi Direct
connection.

16864] Example 11 is a non-transitory machine readable medium comprising
mstructions, which when performed by the machine cause the machine to perform

the operations comprising: establishing at a first wireless device a first wireless
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connection with a wireless access infrastructure device; discovering, using the first
wireless connection, a second wireless device, the second wireless device
communicatively connected to the wireless access infrastructure device;
determining that the second wireless device 1s capable of switching to a peer-to-peer
wireless connection using a communication protocol that is above a Medium Access
Control Protocol in a protocol stack; and establishing a peer-to-peer wireless
connection with the second wireless device.

[6065] In Example 12, the subject matter of Example 11 optionally includes,
wherein the operations of determining that the second wireless device is capable of
switching to the peer-to-peer wireless connection comprises using information in a
discovery protocol message sent by the second wireless device as part of
discovering the second wireless device.

{0666] In Example 13, the subject matter of any one or more of Examples 11-12
optionally include, wherein the operations comprise determining a peer-to-peer
connection parameter using information in a discovery protocol message sent by the
second wireless device as part of discovering the second wireless device, and
wherein the operations of establishing the peer-to-peer wireless connection with the
second wireless device comprises using the peer-to-peer connection parameter.
[6067] In Example 14, the subject matter of any one or more of Examples 1113
optionally include, wherein the operations comprise establishing a protocol
connection with the second wireless device using the first wireless connection; and
wherein the operations of determining that the second wireless device is capable of
switching to the peer-to-peer wireless connection comprises utilizing the protocol
connection, the protocol connection being one of! a transport layer protocol or an
application layer protocol.

16668] In Example 15, the subject matter of Example 14 optionally includes,
wherein the protocol connection is a Transport Control Protocol (TCP).

16869] In Example 16, the subject matter of any one or more of Examples 14-15
optionally include, wherein the protocol connection is a Real Time Streaming

Protocol.
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[607¢] In Example 17, the subject matter of any one or more of Examples 14-16
optionally include, wherein the operations comprise determining a peer-to-peer
connection parameter using the protocol connection: and wherein the operations of
establishing the peer-to-peer wireless connection comprises using the peer-to-peer
connection parameter.

[6071] In Example 18, the subject matter of any one or more of Examples 14-17
optionally include, wherein the operations comprise: streaming a media file to the
second wireless device using the first wireless connection using the protocol
connection; and subsequent to establishing the peer-to-peer wireless conunection
with the second wireless device, switching the streaming of the media file from the
{irst wireless connection to the peer-to-peer wireless connection.

[6672] In Example 19, the subject matter of Example 18 optionally includes,
wherein streaming the media file comprises streaming the media file using a Real
Time Transport Protocol (RTP).

[6673] In Example 20, the subject matter of any one or more of Examples 11-19
optionally include, wherein the peer-to-peer wireless connection is a Wi-Fi Direct
connection.

[6674] Example 21 is a wireless device comprising: a processor; a memory
communicatively coupled to the processor and comprising instructions, which when
performed by the processor causes the processor to perform the operations
comprising: establishing at a first wireless device a {irst wireless connection with a
wireless access infrastructure device; discovering, using the first wireless
connection, a second wirgless device, the second wireless device communicatively
connected to the wireless access infrastructure device; determining that the second
wireless device is capable of switching to a peer-to-peer wireless connection using a
communication protocol that is above a Medium Access Control Protocol in a
protocol stack; and establishing a peer-lo-peer wireless counection with the second
wireless device.

[6675] In Example 22, the subject matter of Example 21 optionally includes,

wherein the operations of determining that the second wireless device is capable of
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switching to the peer-to-peer wireless connection comprises using information in a
discovery protocol message sent by the second wireless device as part of
discovering the second wireless device.

10076] In Example 23, the subject matter of any one or more of Examples 21-22
optionally include, wherein the operations comprise determining a peer-to-peer
connection parameter using information in a discovery protocol message sent by the
second wireless device as part of discovering the second wireless device, and
wherein the operations of establishing the peer-to-peer wireless connection with the
second wireless device comprises using the peer-to-peer connection parameter.
[6077] In Example 24, the subject matter of any one or more of Examples 21-23
optionally include, wherein the operations comprise establishing a protocol
connection with the second wireless device using the first wireless connection; and
wherein the operations of determining that the second wireless device is capable of
switching to the peer-to-peer wireless connection comprises utilizing the protocol
connection, the protocol connection being one of: a transport layer protocol or an
application layer protocol.

[6078] In Example 25, the subject matter of Example 24 optionally includes,
wherein the protocol connection is a Transport Control Protocol (TCP).

[6679] In Example 26, the subject matter of any one or more of Examples 24-23
optionally include, wherein the protocol connection is a Real Time Streaming
Protocol.

{0680] In Example 27, the subject matter of any one or more of Examples 24-26
optionally include, wherein the operations comprise determining a peer-to-peer
connection parameter using the protocol connection; and wherein the operations of
establishing the peer-to-peer wireless connection comprises using the peer-to-peer
connection parameter.

{0081] In Example 2§, the subject matter of any one or more of Examples 24-27
optionally include, wherein the operations comprise: streaming a media file to the
second wireless device using the first wireless connection using the protocol

connection; and subsequent to establishing the peer-to-peer wireless connection
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with the second wireless device, switching the streaming of the media file from the
{irst wireless connection to the peer-to-peer wireless connection.
[6082] In Example 29, the subject matter of Example 28 optionally includes,
wherein streaming the media file comprises streaming the media file using a Real
5 Time Transport Protocol (RTP).
[6683] In Example 30, the subject matter of any one or more of Examples 21-29
optionally include, wherein the peer-to-peer wireless connection is a Wi-Fi Direct
connection.
{30841 Example 31 is a wireless device comprising: means for establishing a first
10 wireless connection with a wireless access infrastructure device; means for
discovering, using the first wireless connection, a second wireless device, the
second wireless device communicatively connected to the wireless access
infrastructure device; means for determining that the second wireless device is
capable of switching o a peer-to-peer wireless connection using a communication
15 protocol that is above a Mediom Access Control Protocol in a protocol stack; and
means for establishing a peer-to-peer wireless connection with the second wireless
device.
[B885] In Example 32, the subject matter of Example 31 optionally inclndes,
wherein the means for determining that the second wireless device is capable of
20 switching to the peer-to-peer wireless connection comprises means for using
imformation in a discovery protocol message sent by the second wireless device as
part of discovering the second wireless device.
16686] In Example 33, the subject matter of any one or more of Examples 31-32
optionally include means for determining a peer-to-peer connection parameter using
25  information in a discovery protocol message sent by the second wireless device as
part of discovering the second wireless device, and wherein the means for
establishing the peer-to-peer wireless connection with the second wireless device
comprises using the peer-to-peer connection parameter.
[6687] In Example 34, the subject matter of any one or more of Examples 31-33

30 optionally include: means for establishing a protocol connection with the second
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wireless device using the first wireless connection, wherein the means for
determining that the second wireless device is capable of switching to the peer-to-
peer wireless connection comprises means for utilizing the protocol connection, the
protocol connection being one of: a transport layer protocol or an application layer
protocol.

[6088] In Example 353, the subject matter of Example 34 optionally includes,
wherein the protocol connection is a Transport Control Protocol (TCP).

[6689] In Example 36, the subject matter of any one or more of Examples 34-35
optionally include, wherein the protocol connection is a Real Time Streaming
Protocol.

[6698] In Example 37, the subject matter of any one or more of Examples 34-36
optionally include: means for determining a peer-to-peer connection parameter
using the protocol connection; and wherein the means for establishing the peer-lo-
peer wireless connection comprises means for using the peer-to-peer connection
parameter.

(60911 In Example 38, the subject matter of any one or more of Examples 34-37
optionally include: means for streaming a media file to the second wircless device
using the first wireless connection using the protocol connection; and subsequent to
establishing the peer-to-peer wireless connection with the second wireless device,
means for switching the streaming of the media file from the first wireless
connection to the peer-to-peer wireless connection.

16092] In Example 39, the subject matter of Example 38 optionally includes,
wherein streaming the media file comprises streaming the media file using a Real
Time Transport Protocol (RTP).

[6693] In Example 40, the subject matter of any one or more of Examples 31-39
optionally include, wherein the peer-to-peer wireless connection is a Wi-Fi Direct

connection.
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WHAT IS CLAIMED 15:

I. A method comprising:

at a first wireless device using a processor:

cstablishing a first wireless connection with a wireless access
infrastructure device;

discovering, using the first wireless connection, a second wireless device,
the second wireless device communicatively connected to the wireless access
infrastructure device;

determining that the second wireless device 1s capable of switching to a
peer-to-peer wireless connection using a communication protocol that is above a
Medium Access Control Protocol in a protocol stack; and

establishing a peer-to-peer wircless connection with the second wireless

device,

2. The method of claim 1, wherein determining that the second wireless
device is capable of switching to the peer-to-peer wireless connection comprises
using information in a discovery protocol message sent by the second wireless

device as part of discovering the second wireless device.

~

3. The method of claim 1, comprising determining a peer-to-peer connection
parameter using information in a discovery protocol message sent by the second
wireless device as part of discovering the second wireless device, and wherein
establishing the peer-to-peer wireless connection with the second wireless device

comprises using the peer-to-peer connection parameter.

4. The method of claim 1, comprising:

establishing a protocol connection with the second wireless device using
the first wireless connection, wherein determining that the second wircless device is
capable of switching to the peer-to-peer wireless connection coroprises utilizing the
protocol connection, the protocol connection being one of: a transport layer protocol

or an application layer protocol.

5. The method of claim 4, wherein the protocol connection is a Transport
Control Protocol (TCP).
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6. The method of claim 4, wherein the protocol connection 15 a Real Time

Streaming Protocol.

7. The method of claim 4, comprising:

determining a peer-to-peer connection parameter using the protocol
connection; and

wherein establishing the peer-to-peer wireless connection comprises using

the peer-to-peer connection parameter.

3. The method of claim 4, comprising:

streaming a media file to the second wireless device using the first
wircless connection using the protocol connection; and

subsequent to establishing the peer-to-peer wireless connection with the
second wireless device, switching the streaming of the media file from the first

wireless connection to the peer-to-peer wireless connection.

9. The method of claim 8, wheren streaming the media file comprises

streaming the media file using a Real Time Transport Protocol (RTP).

10. The method of claim 1, wherein the peer-to-peer wireless connection is a

Wi-Fi Direct connection.

11 A noon-transitory machine-readable medium, comprising instructions,
which when performed by the machine, causes the machine to perform the

operations comprising any one or more of claims 1-106.

12. A wireless device comprising:

a Processor;

a memory communicatively coupled to the processor and comprising
instructions, which when performed by the processor canses the processor (o
perform the operations comprising:

establishing at a {irst wireless device a first wireless connection with

a wireless access infrastructure device;
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discovering, using the {irst wireless connection, a second wireless
device, the second wireless device communicatively connected to the
wireless access infrastructure device;

determining that the second wireless device 1s capable of switching
to a peer-to-peer wireless connection using a communication protocol that is
above a Medium Access Control Protocol in a protocol stack; and

establishing a peer-to-peer wireless connection with the second

wireless device.

13. The wireless device of claim 12, wherein the operations of determining that
the second wireless device is capable of switching to the peer-to-peer wireless
connection comprises using information in a discovery protocol message sent by the

second wireless device as part of discovering the second wireless device.

14. The wireless device of any one of claims 12-13, wherein the operations
comprise determining a peer-to-peer connection parameter using information i a
discovery protocol message sent by the second wireless device as part of
discovering the second wireless device, and wherein the operations of establishing
the peer-to-peer wircless connection with the second wireless device comprises
using the peer-lo-peer connection parameter.

15. The wireless device of any one of claims 12-13, wherein the operations
comyprise establishing a protocol connection with the second wireless device using
the first wireless connection; and wherein the operations of determining that the
second wireless device is capable of switching to the peer-to-peer wireless
connection comprises utilizing the protocol connection, the protocol connection

being one of: a transport layer protocol or an application layer protocol.

16. The wireless device of claim 15, wherein the protocol connection is a

Transport Control Protocol (TCP).
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17. The wireless device of claim 13, wherein the protocol connection is a Real

Time Streaming Protocol.

I8. The wireless device of claim 15, wherein the operations comprise
determining a peer-to-peer connection parameter using the protocol counection; and
wherein the operations of establishing the peer-to-peer wireless connection

compriscs using the peer-to-peer connection parameter.

19. The wireless device of claim 15, wherein the operations comprise:
streaming a media {ile to the second wireless device using the first wireless
connection using the protocol connection; and
subsequent to establishing the peer-to-peer wireless connection with the
second wireless device, switching the streaming of the media file from the first

wireless connection to the peer-to-peer wireless connection.

20. The wireless device of claim 19, wherein streaming the media file comprises

streaming the media file using a Real Time Transport Protocol (RTP).

21. The wireless device of any one of claims 12-13, wherein the peer-to-peer
wireless connection is a Wi-Fi Direct wireless connection.
22. A wireless device comprising:

means for establishing a {irst wireless connection with a wireless access
infrastructure device;

means for discovering, using the first wireless connection, a second wireless
device, the second wireless device communicatively connected to the wireless

access infrastructure device:
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means for determining that the sccond wircless device is capable of
switching to a peer-to-peer wireless connection using a comumunication protocol that
is above a Medium Access Control Protocol in a protocol stack; and

means for establishing a peer-to-peer wireless connection with the second

wireless device.

23. The wireless device of claim 22, wherein the means for determining that the
second wireless device is capable of switching to the peer-to-peer wireless
connection comprises means {or using information in a discovery protocol message

sent by the second wireless device as part of discovering the second wireless device.

24. The wireless device of claim 22, comprising means for determining a peer-
to-peer connection parameter using information in a discovery protocol message
sent by the second wireless device as part of discovering the second wireless device,
and wherein the means {or establishing the peer-to-peer wireless connection with

the second wireless device comprises using the peer-to-peer connection parameter.

25. The wireless device of claim 22, comprising:

means for establishing a protocol connection with the second wireless device
using the first wireless connection, wherein the means for determining that the
second wireless device is capable of switching to the peer-to-peer wireless
connection coraprises means for stilizing the protocol connection, the protocol

connection being one of: a transport layer protocol or an application layer protocol.
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Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.:
because they relate to patts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 11
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. |:| As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment
of any additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.
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A. CLASSIFICATION OF SUBJECT MATTER
HO04W 76/04(2009.01)i, HO4W 76/02(2009.01)i, HO4W 8/00(2009.01)i, HO4W 80/06(2009.01)i, HO4W 88/06(2009.01)i

According to International Patent Classification (IPC) or to both national classification and [PC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO04W 76/04; HO4W 76/02; HO4W 40/12; HO4W 48/16; HO4W 8/00; HO4W 84/02; HO4W 48/14; HO4W 92/18;, HO4W 80/06, HO4W
88/06

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: first wireless device, second wireless device, wireless access infrastructure device, first
wireless connection, peer-to-peer wireless connection

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 2014-0211705 A1 (ELECTRONICS & TELECOMMUNICATIONS RESEARCH INSTITUTE) 1-10,12-25
31 July 2014
See paragraphs [0177], [0181], [0183]; claim 1; and figures 8-9.

Y WO 2015-111811 A1 (LG ELECTRONICS INC.) 30 July 2015 1-10,12-25
See paragraphs [14]-[15], [71], [103]; and figures 3, 9(b).

A US 2015-0351146 A1 (LG ELECTRONICS INC.) 03 December 2015 1-10,12-25
See paragraphs [0089]-[0091]; and figure 4.

A US 2014-0314065 A1 (LG ELECTRONICS INC.) 23 October 2014 1-10,12-25
See paragraphs [0045]-[0052]; and figure 2.

A US 2012-0134349 A1 (BU SEOP JUNG et al.) 31 May 2012 1-10,12-25
See paragraphs [0044]-[0050]; and figure 4.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
19 May 2017 (19.05.2017) 22 May 2017 (22.05.2017)
Name and mailing address of the [SA/KR Authorized officer

International Application Division

Korean Intellectual Property Office LEE, Scoung Young
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-3535
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WO 2015-111811 Al 30/07/2015 CN 105340330 A 17/02/2016
EP 3016441 Al 04/05/2016
JP 2016-528777 A 15/09/2016
KR 10-2016-0026866 A 09/03/2016
KR 10-2016-0095009 A 10/08/2016
KR 10-2016-0119809 A 14/10/2016
US 2016-0192419 Al 30/06/2016
US 2016-0337838 Al 17/11/2016
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EP 2943032 Al 11/11/2015
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