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DATA STREAMING WITH LAYER 2 AND LAYER 3 RESERVATIONS

BACKGROUND
Field of the Various Embodiments

[0001] The various embodiments relate generally to data networks and, more specifically, to

data streaming with layer 2 and layer 3 reservations.

Description of the Related Art

[0002] Audio Video Bridging (AVB), also referred to as “Ethernet AV,” is a network
standard that provides a robust environment for digital content delivery, such as real-time
streaming of digital audio and video content to multiple devices and locations within a data
network. Generally, AVB enables audio samples and video frames to be delivered with high
quality-of-service (i.e., synchronized and on-time) by providing bandwidth reservations,
guaranteed low latency, and a timing mechanism for synchronization. Because of this
enhanced quality, AVB networks are now used for various commercial and consumer

applications, including video conferencing, home theater, and in-vehicle infotainment systems.

[0003] Despite the growing popularity of AVB networks, AVB is not well-suited for
networks that extend beyond a relatively confined topology, such as a single room or vehicle.
For example, establishing and utilizing an AVB network across an Internet connection or
across an extensive physical campus is generally impracticable. More specifically, in an AVB
network that spans part of the Internet, the potentially high latency inherent in Internet
connections can prevent the AVB network from functioning with the required quality-of-
service. In an AVB network that spans a sizeable campus, tracking and synchronizing the
potentially large number of network devices within the AVB network, such as all possible
talker and listener nodes, can be difficult or impossible to implement. As a result, achieving
real-time, high quality-of-service streaming of audio and video content across a network is
problematic when the network extends across a large geographical area and/or includes a large

number of talker and listener nodes.

[0004] As the foregoing, what would be useful are techniques for establishing a data stream

between talker and listener devices included within an extended AVB network.

SUMMARY

[0005] The various embodiments set forth a method of establishing a connection between a

talker device and a listener device over a network. The method comprises receiving first
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stream identification information for a first data stream segment disposed in a first layer 2
domain that includes a talker device, based at least in part on a mapping of the first stream
identification information to the second stream identification information, determining second
stream identification information for a second data stream segment that links the first layer 2
domain to a second layer 2 domain that includes a listener device, and transmitting the second

stream identification information to the second layer 2 domain via a layer 3 protocol.

[0006] At least one advantage of the disclosed embodiments is that the quality-of-service and
latency benefits associated with an AVB network can be implemented across a data network
that is geographically extensive and/or includes a large number of possible talker/listener

nodes.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0007] So that the manner in which the above recited features of the various embodiments
can be understood in detail, a more particular description of the various embodiments, briefly
summarized above, may be had by reference to embodiments, some of which are illustrated in
the appended drawings. It is to be noted, however, that the appended drawings illustrate only
typical embodiments and are therefore not to be considered limiting of its scope, for the

various embodiments may admit to other equally effective embodiments.

[0008] Figure 1 is a schematic diagram of a network configured to implement one or more

aspects of various embodiments;

[0010] Figure 2A is a schematic diagram of a Talker Advertise packet, configured to

implement one or more aspects of various embodiments;

[0011] Figure 2B is a schematic diagram of a Resource Reservation Protocol (RSVP)
protocol data unit (PDU), configured to implement one or more aspects of various

embodiments;

[0012] Figure 3 is a schematic illustration of a protocol exchange that occurs to support the
transmission of a data stream between the talker device and the listener device of Figure 1,

according to various embodiments;

[0013] Figure 4 is a schematic illustration of a protocol exchange that occurs to support the
transmission of a data stream between the talker device and the listener device of Figure 1,

according to various other embodiments;
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[0014] Figure 5 is a schematic illustration of a network device, configured to implement one

or more aspects of various embodiments;

[0015] Figure 6 sets forth a flowchart of method steps for establishing a connection between

a talker device and a listener device over a network, according to various embodiments; and

[0016] Figure 7 sets forth a flowchart of method steps for establishing a connection between
a talker device and a listener device over a network, according to the various other

embodiments.

[0017] For clarity, identical reference numbers have been used, where applicable, to
designate identical elements that are common between figures. It is contemplated that features

of one embodiment may be incorporated in other embodiments without further recitation.

DETAILED DESCRIPTION

[0018] Figure 1 is a schematic diagram illustrating a network 100, configured to implement
one or more aspects of various embodiments. Network 100 may be any technically feasible
communication network, such as a network that is disposed within a campus of multiple
buildings, extends across multiple rooms or floors of a single building, and/or includes
locations in multiple cities or countries. As such, the topology of network 100 is generally not
suited for use as a simple Audio Video Bridging (AVB) network, due to the latencies inherent
in a network of this size and to the large number of possible talker and listener devices
included therein. Instead, network 100 includes multiple network domains suitable for use as
an AVB network, linked by a network domain configured to use an Open Systems

Interconnection (OSI) Layer 3 protocol.

[0019] Specifically, network 100 includes a first network domain 110 that includes a talker
device 101, a second network domain 120 that include a listener device 106, and a third
network domain 130 that links first network domain 110 and second network domain 120, so
that a time-sensitive data stream 150 can be established between talker device 101 and listener
device 106. Data stream 150 includes multiple data stream segments: a data stream segment
151 that extends from talker device 101 to router device 103 via first network domain 110, a
data stream segment 152 that extends from router device 103 to router device 104 via a third
network domain 130, and a data stream segment 153 that extends from router device 104 to

listener device 106 via second network domain 120.
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[0020] First network domain 110 includes multiple network devices that are configured to
use an OSI Layer 2 protocol, such as AVB Stream Reservation Protocol (SRP), so that
synchronized, low-latency data streaming between these network devices is implemented with
the on-time delivery, reservations, and guarantees of AVB. Thus, once first network domain
110 is initialized, first network domain 110 may be an SRP network domain, in which data can
be transferred between different nodes of first network domain 110, i.e., talker and listener
devices, in a synchronized fashion. For example, audio and video streams can be directed to
one listener device within first network domain 110 from one or more talker devices within
first network domain 110 without losing synchronization. In the embodiment illustrated in
Figure 1, first network domain 110 includes talker device 101, a bridge 102, and a router
device 103. In other embodiments, first network domain 110 may include any technically
feasible number of network devices, for example on the order of 10s or even 100s of network

devices that can communicate with each other via an OSI Layer 2 protocol.

[0021] Talker device 101 may be any technically feasible networking device configured to
create a low-congestion, guaranteed delivery path to another network device, ie., a listener
device, in first network domain 110 via an OSI Layer 2 protocol, such as AVB SRP. In
addition, talker device 101 may be configured to transmit data to any listener device or devices
within first network domain 110 via such a guaranteed delivery path using any suitable
protocol, such as Institute of Electrical and Electronics Engineers (IEEE) 1722 or Real-Time
Transport Protocol (RTP). Examples of talker device 101 include audio and/or video sources,
such as radios, CD players, cameras, and microphones. Bridge 102 may be any technically
feasible networking hardware that connects multiple network segments within first network
domain 110. Generally, bridge 102 operates in layer 2 of the OSI model, and therefore is
configured to connect multiple network segments using a suitable OSI layer 2 protocol, such

as AVB SRP.

[0022] Router device 103 may be any technically feasible networking device that forwards
data packets between first network domain 110 and third network domain 130. Thus, for
forwarding data packets from first network domain 110 to third network domain 130, router
device 103 includes an egress port on first network domain 110 and an ingress port on third
network domain 130. Similarly, for forwarding data packets from third network domain 130
to first network domain 110, router device 103 includes an egress port on third network
domain 130 and an ingress port on first network domain 110. In some embodiments, router

device 103 also includes a buffer 122 and a mapping 121.
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[0023] Buffer 122 is a memory configured to temporarily store low transmission-latency
data received from third network domain 130, such as audio and/or video data packets
intended for a listener included in first network domain 110. In general, buffer 122 is
configured to store such low transmission-latency data packets until such time that the SRP
protocol of first network domain 110 indicates that the stored data packets are to be forwarded
to the next network device in first network domain 110. Thus, buffer 122 can prevent or
reduce the likelihood of latency associated with network 102 violating the time-sensitive
guarantees of the SRP protocol of first network domain 110. Alternatively, buffer 122 may
reside in any other network device in network domain 110 that is designed as a gateway used
for synchronizing audio data received from a remote domain (e.g., second network domain

120) with first network domain 110.

[0024] Mapping 121 stores a relationship between particular data stream segments received
by router device 103 (via first network domain 110) and respective data stream segments that
exit router device 103 (via third network domain 130) and are configured to carry data to
second network domain 120. For instance, to enable the establishment of data stream 150
between talker device 101 in first network domain 110 and listener device 106 in second
network domain 120, mapping 121 associates data stream segment 151 with data stream
segment 152, Furthermore, mapping 121 may store a plurality of relationships between data
stream segments originating at any talker device included in first network domain 110 and
corresponding data stream segments exiting router device 103 and associated with any listener

device included in second network domain 120.

[0025] In some embodiments, mapping 121 for a particular data stream associates stream
identification information of a first data stream segment that originates with a talker device of
first network domain 110 with stream identification information of a second data stream
segment that terminates in second network domain 120, where second network domain 120
includes a listener device that ultimately receives data propagated by the first and second data
stream segments. For example, to enable establishment of data stream 150, mapping 121
associates stream identification information of data stream segment 151, which originates at
talker device 101 and terminates at router device 103, with stream identification information
of data stream segment 152, which originates at router device 103 and terminates at router

device 104,

[0026] It is noted that data stream segment 151 is a data stream that is propagated by an OSI
layer 2 protocol, such as SRP, whereas data stream segment 152 is a data stream that is

5



10

15

20

25

30

WO 2017/146702 PCT/US2016/019415

propagated by an OSI layer 3 protocol, such as Integrated Services (IntServ). Thus, in some
embodiments, the stream identification information of data stream segment 151 may include a
64-bit SRP stream ID, which may be formed from a 48-bit media access control (MAC)
address and a 16-bit unique ID. In addition, the stream identification information may be
provided to router device 103 via an SRP Talker Advertise message that includes the SRP
stream ID for data stream segment 151. By contrast, because data stream segment 152 is
propagated by IntServ, which relies on the Resource Reservation Protocol (RSVP) to perform
admission control, the stream identification information of data stream segment 152 may
include an RSVP Stream ID. An embodiment of a protocol packet that includes fields for
stream identification information of data stream segment 151 and data stream segment 153 is
illustrated in Figure 2A, and an embodiment of a protocol packet that includes fields for

stream identification information of data stream segment 152 is illustrated in Figure 2B.

[0027] Figure 2A is a schematic diagram of a Talker Advertise packet 200, configured to
implement one or more aspects of various embodiments. Talker advertise packet 200
illustrates one configuration of a packet that facilitates determination of stream identification
information by network devices in network 100, particularly router device 103 and router
device 104. As shown, data packet layout 200 includes, without limitation, an 802.3 header
220, a stream identification (ID) 230, and data frame parameters 240.

[0028] 802.3 header 220 may include, without limitation, a MAC destination address 221
and a MAC source address 222. Stream ID 230 may include, without limitation, a Talker
MAC source address 231, and data frame parameters 240 may include, without limitation, a
stream MAC destination address 241. In some embodiments, the above-described stream
identification information may be based at least in part MAC destination address 221, MAC
source address 222, stream ID 230, Talker MAC source address 231, and/or stream MAC
destination address 241. Thus, Talker Advertise packet 200 provides router device 103 and
router device 104 stream identification information for data stream segments 151 and 153. In
other embodiments, any other technically feasible stream identification information may be

used by router device 103 and router device 104 to identify data stream segments 151 and 153.

[0029] Figure 2B is a schematic diagram of an RSVP protocol data unit (PDU) 250,
configured to implement one or more aspects of various embodiments. RSVP PDU 250
illustrates one configuration of a packet that facilitates determination of stream identification

information by network devices in network 100, particularly router device 103 and router

device 104. As shown, RSVP PDU 250 includes, without limitation, an IP header 260, an
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RSVP header 270, session data 280, and sender data 290. Session data 280 may include,
without limitation, a destination IP address 281 and a destination port number 282. Sender
data 290 may include, without limitation, a sender IP address 291 and a sender port number
292. Based on destination IP address 281, destination port number 282, sender IP address 291,
and/or destination port number 292, router device 103 and router device 104 can determine
stream identification information for data received via, for example, an RSVP PDU 250
associated with an RSVP Path message or an RSVP Reserve message. Thus, RSVP PDU 250
provides router device 103 and router device 104 stream identification information for data
stream segment 152. In other embodiments, any other technically feasible stream
identification information may be used by router device 103 and router device 104 to identify

data stream segment 152.

[0030] Returning to Figure 1, in some embodiments, mapping 121 is populated with the
entries appropriate to implement one or more aspects of various embodiments by a suitably
configured protocol, such as stream identification information for data stream segments 151
and 152. For example, such a protocol can be configured to modify mapping 121 when a
request is made in network 100 for a data stream, e.g., data stream 150, to be established
between a talker device in first network domain 110, e.g., talker device 101, and a listener
device in second network domain 120, e.g., listener device 106. Alternatively or additionally,
in some embodiments, mapping 121 may be populated with appropriate entries via manual

entry of information via a text interface, or by any other technically feasible approach.

[0031] Second network domain 120 may be substantially similar in configuration and
operation to first network domain 110. Therefore, second network domain 120 may be an
SRP network domain in which data can be transferred between different nodes of second
network domain 120, ie., talker and listener devices, in a synchronized fashion. In the
embodiment illustrated in Figure 1, second network domain 120 includes router device 104, a
bridge 105, a listener device 106, and a talker device 107. In other embodiments, second
network domain 120 may include any technically feasible number of network devices, for
example on the order of 10s or even 100s of network devices that can communicate with each

other via an OSI Layer 2 protocol, such as AVB SRP.

[0032] Router device 104 may be substantially similar in configuration to router device 103,
except that router device 104 includes a buffer 132 and a mapping 131. Buffer 132 may be
similar to buffer 122, except that buffer 132 is a memory configured to temporarily store low

transmission-latency data received from third network domain 130, such as audio and/or video
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data packets intended for a listener device included in second network domain 120. Thus,
buffer 132 can prevent or reduce the likelihood of latency associated with network 109
violating the time-sensitive guarantees of the SRP protocol of second network domain 120.
Mapping 131 may be similar to mapping 121, except that mapping 131 stores a relationship
between particular data stream segments received by router device 104 (via third network
domain 130) and respective data stream segments that exit router device 104 (via second
network domain 120) and are configured to carry data to listener device 106. For instance, to
enable the establishment of data stream 150 between talker device 101 in first network domain
110 and listener device 106 in second network domain 120, mapping 131 associates data
stream segment 152 with data stream segment 153 using stream identification information for

data stream segment 152 and data stream segment 153.

[0033] Third network domain 130 includes, unlike first network domain 110 and second
network domain 120, a network 109 to use an OSI Layer 3 protocol, such as the Internet, or
any other technically feasible local area network (LAN) or wide-area network (WAN). Due to
the size of network 109, third network domain 130 is typically configured to propagate data
packets via RSVP, and therefore is incompatible with propagating data stream segment 151
and data stream segment 153. Thus, third network domain 130 is a Layer 3 domain.
However, according to various embodiments, router device 103 and router device 104 are
configured to link first network domain 110 and second network domain 120 via third network
domain 130, as described below. Consequently, data stream segment 151, data stream
segment 152, and data stream segment 153 are effectively treated as a single data stream, i.e.,

data stream 150, from talker device 101 to listener device 106.

[0034] In the embodiment illustrated in Figure 1, the network devices of network 100 (talker
device 101, bridge 102, router device 103, router device 104, bridge 105, listener device 106,
and talker device 107) are described having a particular functionality. In other embodiments,
some or all of the network devices of network 100 may include the functionality of two or
more devices. For instance, talker device 101 may also be configured as a listener device, a

bridge, and/or a router.

[0035] In operation, router device 103 is configured to establish data stream 150 through
third network domain 130 by creating data stream segment 152 between router device 103 and
router device 104 and linking data stream segment 151 to data stream segment 152.
Specifically, router device 103 is configured to receive stream identification information for a

data stream segment that originates with a talker device of first network domain 110, e.g.,
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talker device 101, terminates at router device 103, and is configured to stream data packets for
delivery to a listener device of second network domain 120, e.g., listener device 106. Based
on mapping 121, router device 103 is further configured to create, in conjunction with router
device 104, data stream segment 152, as described below in conjunction with Figure 3.
Similarly, router device 104 is configured to receive stream identification information for a
data stream segment that originates with a router device of first network domain 110, e.g.,
router device 103, terminates at router device 104, and is configured to stream data packets for
delivery to a listener device of second network domain 120, e.g., listener device 106. Based
on mapping 131, router device 104 is further configured to create data stream segment 153

with listener device 106, as described below in conjunction with Figure 3.

[0036] Figure 3 schematically illustrates a protocol exchange that occurs to support
transmission of data stream 150 between talker 101 and listener 106, according to various
embodiments. In the embodiment illustrated in Figure 3, network domain 110 is an SRP
domain in which at least talker device 101 is not an RSVP capable device, and network
domain 120 is an SRP domain in which at least listener device 106 is not an RSVP capable
device. Consequently, RSVP Path messages are not forwarded through either network domain
110 or network domain 120. Thus, the elements of first network domain 110 communicate
with each other via an OSI Layer 2 protocol, such as SRP, and the elements of second network
domain 120 communicate with each other via an OSI Layer 2 protocol, such as SRP, while
router device 103 and router device 104 communicate with each other via third network

domain 130 using an OSI Layer 3 protocol, such as IntServ.

[0037] When talker device 101 is ready to provide a data stream, talker device 101 sends a
stream advertisement across first network domain 110, for example via an SRP Talker
Advertise message 301. Bridge 102 registers and propagates the SRP Talker Advertise
message 301 via normal SRP towards router device 103. Router device 103 receives the SRP
Talker Advertise message and, based on stream identification information included therein and
on mapping 121 (such as MAC destination address 221, MAC source address 222, Talker
MAC source address 231, and/or stream MAC destination address 241), generates and
forwards an RSVP Path message 302 to network 109. The RSVP Path message flows through
network 109, following standard RSVP rules, eventually reaching router device 104. Based
on stream identification information included in RSVP Path message 302, such as session
data 280 and/or sender data 290, and on mapping 131, router device 104 generates an SRP

Talker Advertise 303 message for data stream segment 153, since router device 104 is
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disposed at an edge of second network domain 120, i.e., the entry point of data stream 150 into
second network domain 120. SRP Talker Advertise message 303 propagates through bridge

105 and on to listener device 106 following standard SRP rules.

[0038] Listener device 106 is eligible to receive the stream advertised, i.e., data stream
segment 153, so listener device 106 initiates and forwards an SRP Listener Ready message
304 back to router device 104, along the path of SRP Talker Advertise message 303. Router
device 104 receives SRP Listener Ready message 304 and, based on mapping 131 and stream
identification information included in SRP Listener Ready message 304, such as session data
280 and/or sender data 290, router device 104 generates and forwards an RSVP Reserve
message 305 back along the path followed by RSVP Path message 302. RSVP Reserve
message 305 propagates through network 109 and arrives at router device 103. Based on
stream identification information in mapping 121, router device 103 recognizes that RSVP
Reserve message 305 is associated with SRP Talker Advertise 301 received from bridge 102.
Therefore, router device 103 initiates an SRP Listener Ready message 306 that backtracks the
associated SRP Talker Advertise message, i.e., SRP Talker Advertise message 301, back to
talker device 101.

[0039] At this point, talker device 101 can initiate data stream 150, i.e., via data stream
segment 151, to listener device 106, since all required reservations have been created. This is
because SRP guarantees that if router device 103 is still receiving SRP Talker Advertise
message 301, stream router device 103 knows that data stream segment 151 can be created,
and associated bandwidth and resources will be reserved. Similarly, SRP guarantees that if
router device 104 receives SRP Listener Ready message 304 while still receiving RSVP Path
message 302, data stream segment 153 can be created and associated bandwidth and resources
will be reserved. Thus, listener device 106 receives data stream 150 as synchronized audio
and video data that can be synchronized with data received from talker devices included in

second network domain 120, such as talker device 107.

[0040] Figure 4 schematically illustrates a protocol exchange that occurs to support
transmission of data stream 150 between talker 101 and listener 106, according to other
embodiments. Unlike the embodiment illustrated in Figure 3, in the embodiment illustrated in
Figure 4, first network domain 110 is not only an SRP domain, but also an RSVP domain.
Thus, at least talker device 101 and router device 103 in first network domain 110 are RSVP
capable devices, while network domain 120 is still only an SRP domain. Consequently, RSVP

Path messages may be forwarded through network domain 110 but not through network
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domain 120. Thus, the elements of first network domain 110 may communicate with each
other via SRP or RSVP, while the elements of second network domain 120 communicate with
each other via SRP. Router device 103 and router device 104 communicate with each other

via third network domain 130 using IntServ, as described above in conjunction with Figure 3.

[0041] As shown, the protocol exchange of Figure 4 is similar to the protocol exchange of
Figure 3, with the following exceptions. When talker device 101 is ready to provide a data
stream, talker device 101 sends SRP Talker Advertise message 301, but also initiates and
transmits an RSVP Path message 401 across first network domain 110. Thus, router device
103 will receive SRP Talker Advertise message 301 and RSVP Path message 401, although
there is no guarantee in which order these messages will arrive. Consequently, in the
embodiment illustrated in Figure 4, router device 103 does not transmit RSVP Path message
302 until both RSVP Path message 401 and SRP Talker Advertise message 301 arrive. In
some embodiments, router device 103 waits before transmitting RSVP Path message 302
based on stream identification information included in mapping 121 and on stream
identification information included in RSVP Path message 401 and SRP Talker Advertise
message 301. Upon receiving SRP Talker Advertise 301, router device 103 then knows that
data stream segment 151 can be created at Layer 2 in first network domain 110, and then
forwards RSVP Path message 401 to network 109, rather than generating and forwarding
RSVP Path message 302, as shown in Figure 3. When router device 103 receives RSVP
Reserve message 305, router device 103 not only initiates and forwards SRP Listener Ready
306 back to talker device 101. In addition, router device 103 initiates and forwards RSVP

Reserve message 402 to talker device 101, via Layer 3 in first network domain 110.

[0042] Once the protocol exchange of Figure 4 is completed, data can be streamed from
talker device 101 to listener device 106 with the quality-of-service and latency benefits of an
AVB network. In the embodiment of Figure 4, talker device 101 and listener device 106 are
each configured as a network device that is not RSVP capable. In alternative embodiments,
talker device 101 may be configured as an RSVP-capable network device. In such
embodiments, talker device 101 may transmit stream identification information to router
device 103 via an RSVP Path message, such as RSVP Path message 401. Similarly, in
alternative embodiments, listener device 106 may be configured as an RSVP-capable network
device. In such embodiments, listener device 106 may transmit stream identification

information to router device 104 via an RSVP Reserve message, such as RSVP Reserve
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message 402. Any other combination of RSVP-capable configurations of talker device 101

and listener device 106 may also be implemented according to some embodiments.

[0043] Figure 5 is a schematic illustration of a network device 500, configured to implement
one or more aspects of various embodiments. Network device 500 may be employed as any of
the network devices of network 100. Thus, network device 500 may include the functionality
of one or more of talker device 101, bridge 102, router device 103, router device 104, bridge
105, listener device 106, and/or talker device 107. Network device 500 may include, without

limitation, a processor 510, a memory 520, and a network interface 530.

[0044] Processor 510 is configured to read data from and write data to memory 520 and to
access network 100 via network interface 530. In general, processor 510 may be any
technically feasible hardware unit capable of processing data, executing instructions that
enable the functionality of network device 500 as described herein. For example, when
network device 500 is employed as a router device, such as router device 103 or router device
104, processor 510 is configured to execute instructions included in router software 523.
Processor 510 may be any suitable processor implemented as a central processing unit (CPU),
a graphics processing unit (GPU), an application-specific integrated circuit (ASIC), a field
programmable gate array (FPGA), any other type of processing unit, or a combination of

different processing units.

[0045] Memory 520 may include, without limitation, a random access memory (RAM)
module, a flash memory unit, or any other type of memory unit or combination thereof.
Memory 520 may include various software programs that can be executed by processor 510
and application data associated with such software programs, including, without limitation,
router software 523. In embodiments in which network device 500 is configured as router
device 103 or router device 104, memory 520 may include, without limitation, a buffer 521, a
mapping 522, and router software 523. Buffer 521 may be similar to buffer 122 and/or bufter
132 in Figure 1, and mapping 522 may be similar to mapping 121 and/or mapping 131 in
Figure 1.

[0046] Figure 6 sets forth a flowchart of method steps for establishing a connection between
a talker device and a listener device over a network, according to the various embodiments.
Although the method steps are described with respect to the systems of Figures 1-5, persons
skilled in the art will understand that any system configured to perform the method steps, in

any order, falls within the scope of the various embodiments.
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[0047] As shown, a method 600 begins at step 601, in which router device 103 receives first
stream identification information for a first data stream segment disposed in first network
domain 110. The first data stream segment is a portion of a data stream to be established
between talker device 101 and listener device 106. For example, router device 103 may
receive SRP Talker Advertise message 301, and the first stream identification information

includes an SRP stream ID for data stream segment 151.

[0048] In step 602, router device 103 determines second stream identification information
for an intermediary data stream segment that links first network domain 110 to second
network domain 120. For example, router device 103 determines RSVP stream ID of data
stream segment 152, based at least in part on information included in mapping 121, such as a
mapping of an SRP stream ID for data stream segment 151 to an RSVP stream ID of data
stream segment 152. Thus, RSVP stream ID for data stream segment 152 is determined from

mapping 121 and the SRP stream ID for data stream segment 151.

[0049] In step 603, router device 103 transmits the second stream identification information
to second network domain 120 via an OSI Layer 3 protocol, such as IntServ. For example, the
second stream identification information may be an RSVP stream ID included in RSVP Path
message 302, so the second stream identification information is transmitted to router device
104 as an RSVP stream ID. In embodiments in which first network domain 110 is an RSVP-
capable domain, router device 103 transmits the second stream identification information
responsive to receiving SRP Talker Advertise message 301. Thus, in such embodiments,
router device 103 waits until SRP indicates that data stream segment 151 is ready before

sending RSVP Path message 302.

[0050] Figure 7 sets forth a flowchart of method steps for establishing a connection between
a talker device and a listener device over a network, according to the various embodiments.
Although the method steps are described with respect to the systems of Figures 1-5, persons
skilled in the art will understand that any system configured to perform the method steps, in

any order, falls within the scope of the various embodiments.

[0051] As shown, a method 700 begins at step 701, in which router device 104 receives first
stream identification information for a first data stream segment disposed in third network
domain 130, wherein the first stream identification information is received via an OSI Layer 3
protocol. The first data stream segment is a portion of a data stream to be established between

talker device 101 and listener device 106. For example, router device 104 may receive RSVP
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Path message 302, and the first stream identification information includes an RSVP stream ID

for data stream segment 152.

[0052] 1In step 702, router device 104 determines second stream identification information
for a second data stream segment in second network domain 120 (i.e., data stream segment
153), where second network domain 120 is an SRP domain that includes listener device 106.
Router device 104 determines the second stream identification information based at least in
part on information included in mapping 131, since mapping 131 associates first stream
identification information with second stream identification information. For example, router
device 104 determines the SRP stream ID for data stream segment 153, based at least in part
on information included in mapping 131, such as the RSVP stream ID for data stream segment

152.

[0053] In step 703, router device 104 transmits the second stream identification information
to listener device 106. For example, router device 104 may initiate and forward SRP Talker
Advertise message 303 to listener device 106, to establish the second data stream segment, i.e.,
data stream segment 153. In some embodiments, for ease of troubleshooting, the second
stream identification information for data stream segment 153, for example the SRP stream

ID, may be the same as the stream identification information for data stream segment 151.

[0054] In step 704, router device 104 receives third stream identification information from
second network domain 120. For example, router device 104 receives SRP Listener Ready

message 304, which originates from listener device 106.

[0055] In step 705, router device 104 determines fourth stream identification information
based at least in part on information included in mapping 131. For example, mapping 131
associates data stream segment 152 and data stream segment 153. Thus, when router device
104 receives SRP Listener Ready message 304 via data stream segment 153, router device 104
knows that data stream segment 153 is established, and initiates RSVP Reserve message 305

for data stream segment 152.

[0056] In step 706, router device 104 transmits the fourth stream identification information,
such as RSVP Reserve message 305, via OSI Layer 3 protocol to network domain 110. In
embodiments in which network domain 120 is also RSVP-capable, router device 104 transmits
the fourth stream identification information responsive to receiving both an SRP Listener

Ready message originating from listener device 106 and RSVP Reserve message 305.
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[0057] As set forth above, by implementing methods 600 and 700, a connection can be
established between a talker device in one SRP domain and a listener device in a different SRP
domain. Furthermore, even though the two SRP domains are separated by the Internet or any
other network domain in which SRP cannot be implemented, audio and video data arrive via
the connection at the listener device with the quality-of-service associated with an AVB SRP

network.

[0058] In sum, various embodiments set forth techniques for establishing a connection
between a talker device and a listener device over a network. Specifically, a first Layer 2
network domain, such as an AVB SRP network, is linked to a second Layer 2 network domain
via a Layer 3 network domain, such as the Internet. By mapping a data stream segment in the
first Layer 2 domain to a data stream segment in the Layer 3 domain, and by mapping the data
stream segment in the Layer 3 domain to a data stream segment in the second Layer 2 domain,
a single data stream can be effectively created between a talker device in the first Layer 2
network domain and a listener device in the second Layer 2 network domain. At least one
advantage of the disclosed embodiments is that the quality-of-service and latency benefits of
an AVB network can be implemented across a data network that is geographically extensive

and/or includes a large number of possible talker/listener devices.

[0059] The descriptions of the various embodiments have been presented for purposes of
illustration, but are not intended to be exhaustive or limited to the embodiments disclosed.
Many modifications and variations will be apparent to those of ordinary skill in the art without

departing from the scope and spirit of the described embodiments.

[0060] Aspects of the present embodiments may be embodied as a system, method or
computer program product. Accordingly, aspects of the present disclosure may take the form
of an entirely hardware embodiment, an entirely software embodiment (including firmware,
resident software, micro-code, etc.) or an embodiment combining software and hardware

29 LC

aspects that may all generally be referred to herein as a “circuit,” “module” or “system.”
Furthermore, aspects of the present disclosure may take the form of a computer program
product embodied in one or more computer readable medium(s) having computer readable

program code embodied thereon.

[0061] Any combination of one or more computer readable medium(s) may be utilized. The
computer readable medium may be a computer readable signal medium or a computer

readable storage medium. A computer readable storage medium may be, for example, but not
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limited to, an electronic, magnetic, optical, electromagnetic, infrared, or semiconductor
system, apparatus, or device, or any suitable combination of the foregoing. More specific
examples (a non-exhaustive list) of the computer readable storage medium would include the
following: an electrical connection having one or more wires, a portable computer diskette, a
hard disk, a random access memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash memory), an optical fiber, a portable
compact disc read-only memory (CD-ROM), an optical storage device, a magnetic storage
device, or any suitable combination of the foregoing. In the context of this document, a
computer readable storage medium may be any tangible medium that can contain, or store a
program for use by or in connection with an instruction execution system, apparatus, or

device.

[0062] Aspects of the present disclosure are described above with reference to flowchart
illustrations and/or block diagrams of methods, apparatus (systems) and computer program
products according to embodiments of the disclosure. It will be understood that each block of
the flowchart illustrations and/or block diagrams, and combinations of blocks in the flowchart
illustrations and/or block diagrams, can be implemented by computer program instructions.
These computer program instructions may be provided to a processor of a general purpose
computer, special purpose computer, or other programmable data processing apparatus to
produce a machine, such that the instructions, which execute via the processor of the computer
or other programmable data processing apparatus, enable the implementation of the
functions/acts specified in the flowchart and/or block diagram block or blocks. Such
processors may be, without limitation, general purpose processors, special-purpose processors,

application-specific processors, or field-programmable processors or gate arrays.

[0063] The flowchart and block diagrams in the figures illustrate the architecture,
functionality, and operation of possible implementations of systems, methods and computer
program products according to various embodiments of the present disclosure. In this regard,
each block in the flowchart or block diagrams may represent a module, segment, or portion of
code, which comprises one or more executable instructions for implementing the specified
logical function(s). It should also be noted that, in some alternative implementations, the
functions noted in the block may occur out of the order noted in the figures. For example, two
blocks shown in succession may, in fact, be executed substantially concurrently, or the blocks
may sometimes be executed in the reverse order, depending upon the functionality involved.

It will also be noted that each block of the block diagrams and/or flowchart illustration, and
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combinations of blocks in the block diagrams and/or flowchart illustration, can be
implemented by special purpose hardware-based systems that perform the specified functions

or acts, or combinations of special purpose hardware and computer instructions.

[0064] While the preceding is directed to embodiments of the present disclosure, other and
further embodiments of the disclosure may be devised without departing from the basic scope

thereof, and the scope thereof is determined by the claims that follow.

17



10

15

20

25

30

WO 2017/146702 PCT/US2016/019415
The Claimed Invention Is:

1. A method of establishing a connection between a talker device and a listener device
over a network, the method comprising:
receiving first stream identification information for a first data stream segment
disposed in a first layer 2 domain that includes a talker device;
based at least in part on a mapping of the first stream identification information to the
second stream identification information, determining second stream
identification information for a second data stream segment that links the first
layer 2 domain to a second layer 2 domain that includes a listener device; and
transmitting the second stream identification information to the second layer 2 domain

via a layer 3 protocol.

2. The method of claim 1, wherein the first stream identification information comprises
an SRP stream identification for the first data stream segment, and receiving the first stream
identification information comprises receiving a stream reservation protocol (SRP) talker

advertise message.

3. The method of claim 1, wherein the first stream identification comprises resource
reservation protocol (RSVP) stream identification information for the first data stream
segment, and receiving the first stream identification information comprises receiving an

RSVP Path message.

4. The method of claim 3, wherein transmitting the second stream identification is

performed in response to receiving an SRP talker advertise message from the talker device.

5. The method of claim 1, further comprising receiving a data packet via the first data
stream segment; and transmitting the data packet to the second layer 2 domain via the second

data stream segment.
6. The method of claim 1, further comprising receiving an RSVP reserve message from

the second layer 2 domain via the layer 3 protocol, and in response, transmitting an SRP

listener ready message to the talker device.
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7. The method of claim 1, further comprising receiving a data packet via the first data
stream segment; and transmitting the data packet to the second SRP domain via the second

data stream segment.

8. The method of claim 1, further comprising, prior to transmitting the data packet to the

second SRP domain, adding layer 2 header information to the data packet.

9. The method of claim 1, wherein the layer 3 protocol comprises an open systems

interconnection (OSI) layer 3 protocol.

10. A non-transitory computer readable medium storing instructions that, when executed
by a processor, configure the processor to perform the steps of’
receiving first stream identification information for a first data stream segment
disposed in a first layer 2 domain that includes a talker device;
based at least in part on a mapping of the first stream identification information to the
second stream identification information, determining second stream
identification information for a second data stream segment that links the first
layer 2 domain to a second layer 2 domain that includes a listener device; and
transmitting the second stream identification information to the second layer 2 domain

via a layer 3 protocol.

11.  The non-transitory computer readable medium of claim 10, wherein the first stream
identification information comprises a stream reservation protocol (SRP) stream identification
for the first data stream segment, and receiving the first stream identification information

comprises receiving an SRP talker advertise message.

12.  The non-transitory computer readable medium of claim 10, wherein the first stream
identification information comprises resource reservation protocol (RSVP) stream
identification information for the first data stream segment, and receiving the first stream

identification information comprises receiving an RSVP Path message.

13.  The non-transitory computer readable medium of claim 12, wherein transmitting the
second stream identification is performed in response to receiving an SRP talker advertise

message from the talker device.
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14.  The non-transitory computer readable medium of claim 10, further comprising
receiving a data packet via the first data stream segment; and transmitting the data packet to

the second layer 2 domain via the second data stream segment.

15.  The non-transitory computer readable medium of claim 10, further comprising
receiving an RSVP reserve message from the second layer 2 domain via the layer 3 protocol,

and in response, transmitting an SRP listener ready message to the talker device.

16.  The non-transitory computer readable medium of claim 10, wherein the first stream

identification information is originated by the talker device.

17. The non-transitory computer readable medium of claim 10, wherein the layer 2 domain

comprises an SRP domain.

18.  The non-transitory computer readable medium of claim 10, wherein the layer 3

protocol comprises an open systems interconnection (OSI) layer 3 protocol.

19. A network device, comprising:

a memory that stores router software; and

a processor that is coupled to the memory and, when executing the router software, is
configured to:

receive first stream identification information for a first data stream segment disposed
in a first layer 2 domain that includes a talker device;

based at least in part on a mapping of the first stream identification information to the
second stream identification information, determine second stream
identification information for a second data stream segment that links the first
layer 2 domain to a second layer 2 domain that includes a listener device; and

transmit the second stream identification information to the second layer 2 domain via

a layer 3 protocol.

20. The network device of claim 19, wherein the layer 2 domain comprises a stream

reservation protocol (SRP) domain.

20



WO 2017/146702

100 —

ROUTER
DEVICE
103

MAPPING
121

BUFFER
122

i
o | I

z/
110 BRIDGE

102

i ?
Y o

TALKER
DEVICE
101

\

\

150,152

150/,151

—

NETWORK

1/8

109

150,152

150,153

PCT/US2016/019415

ROUTER
DEVICE
104

MAPPING
131

BUFFER
132

N % i
o Y

TALKER
DEVICE -

107

BRIDGE
105

—_

N
150,151

o i
. L

150,153

LISTENER
DEVICE
106

FIG. 1



WO 2017/146702 PCT/US2016/019415

2/8

TALKER ADVERTISE PACKET
200

802.3 HEADER 22

221 22

STREAM ID 230
231

DATA FRAME PARAMETERS 240
241

FIG. 2A



WO 2017/146702 PCT/US2016/019415

3/8

RSVP PACKET
250

{P HEADER 26

RSVP HEADER 27

SESSION DATA 280
281 282

SENDER DATA 290
291

N
O
N

FIG. 2B



WO 2017/146702

4/8

TALKER
DEVICE
101

ROUTER
DEVICE
103

BRIDGE
102

i SRP TALKER | \
SRP TALKER | \
ADVERTISE |

301

301

302

§ . \
; g z f

} | SRP LISTENER|

READY
306

305

| SRP LISTENER!
T READY |
306

NETWORK

ADVERTISE ! | §\\\\7N\\\ﬂ\i

RSVP

: \
; = g

P e
g ‘ ' * | RESERVE

ROUTER
DEVICE

109 104

RSVP
PATH MSG
302

g‘t///T////ﬁ

RSVP
RESERVE
305

SRP TALKER |
ADVERTISE
303

|

| SRP LISTENER|
READY

PCT/US2016/019415

LISTENER
DEVICE
106

BRIDGE
105

{ SRP TALKER
| ADVERTISE
303

|

)

3 3
) 3
; ‘1 ;
] :

| SRP LISTENER|
. READY |
304

304

FIG. 3



WO 2017/146702 PCT/US2016/019415

5/8

TALKER ROUTER ROUTER LISTENER

DEVICE BRIDGE DEVICE NETWORK DEVICE BRIDGE DEVICE
101 102 103 109 104 105 106

: : : RSVP : i : !

i PATH MSG

| | 5\\\\\41\\\._§ 401 ;

§ \ § { § | a

: SRP TALKER | \ §\\\\\N\\\ﬂ~§ i

. ADVERTISE ! 1 § { : i

% 301 i SRP TALKER | \ 5\\\\3\\\\,\5 :
{ ADVERTISE | \ g § g ;
. 301 RSVP \ s\\\\\>\\\\.k
: g PATH g 1 g { 5

302 | SRPTALKER |
| ADVERTISE —+

s 303 5 |
. ; : E z‘,///T////:
§ % 5 i é | §
! s | P f :

RSVP : z s | s ; :

RESERVE .. g é,t//’f/////é ; | SRP LISTENER]

402 i : = \ ' |

READY

~ g‘k///r///’/g | | SRP LISTENER! 304
» g ; | | READY |

|
) . RSVP 304
| ! RESERVE |

— | . RSWP 1 308
g ‘ - z {  RESERVE

; | SRP LISTENER{ 305

g | i READY
| SRP LISTENER! 306
i READY |

306

FIG. 4



WO 2017/146702

6/8

PCT/US2016/019415

500

PROCESSOR
510

NETWORK DEVICE

Y

NETWORK
--—» [NTERFACE
230

\
i

MEMORY
520

BUFFER
221

MAPPING
9222

ROUTER
SIW
523

FIG. 5



WO 2017/146702 PCT/US2016/019415

718

~— 600

RECEIVE FIRST o
STREAM ID INFORMATION | 891
FOR FIRST DATA STREAM |-

SEGMENT IN A FIRST
NETWORK DOMAIN

v

DETERMINE SECOND 602
STREAM ID INFORMATION _/,/

FOR SECOND DATA

STREAM SEGMENT

v

TRANSMIT SECOND 603
STREAM ID INFORMATION| /
TO A SECOND NETWORK |

DOMAIN

FIG. 6



WO 2017/146702

8/8

RECEIVE FIRST
STREAM ID INFORMATION
FOR FIRST DATA STREAM

SEGMENT IN A FIRST
NETWORK DOMAIN

v

DETERMINE SECOND
STREAM ID INFORMATION
FOR SECOND DATA

STREAM SEGMENT INA |

SECOND
NETWORK DOMAIN

v

TRANSMIT SECOND
STREAM ID INFORMATION

TO LISTENER DEVICE IN |

SECOND NETWORK
DOMAIN

v

RECEIVE THIRD

STREAM ID INFORMATION |

FROM SECOND
NETWORK DOMAIN

v

DETERMINE FOURTH

STREAM ID INFORMATION |

BASED ON MAPPING

v

TRANSMIT FOURTH
STREAM ID INFORMATION
TO FIRST
NETWORK DOMAIN

FIG. 7

\

701

702

PCT/US2016/019415

~— 700



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US16/19415

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - H04L12/913; HO4L12/749; HO4L12/715 (2016.01)
CPC - H04L47/724; H04L45/04; H04L45/66

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC(8) Classifications: H04L12/913; H041.12/749; H04L12/715 (2016.01)
CPC Classifications: H04L47/724; H04L45/04; H04L45/66; H04L45/74

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the intemational search (name of data base and, where practicable, search terms used)

PatSeer (US, EP, WO, JP, DE, GB, CN, FR, KR, ES, AU, IN, CA, INPADOC Data); Google Scholar, Ebscohost, IEEE
Keywords: layer 2, layer 3, MAC layer, LLC layer, RSVP, SRP, stream, streaming, A/V, data stream, reservation, IP, Ethernet, bridge

C. DOCUMENTS CONSIDERED TO BE RELEVANT

January 2014, figure 1, paragraphs [0007], [0024), [0025}, claim 10

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2013/0182604 A1 (MORENO, V ET AL} 18 July 2013, paragraphs [0015], [0020], [0024],  [1-20
{0026), [0029], [0062])
A US 2009/0049175 A1 (FINN, N} 19 February 2009, paragraphs [0013), [0048], [0054), [0065),  |1-20
[0094]
A US 2014/0022938 A1 (HARMAN INTERNATIONAL INDUSTRIES, INCORPORATED) 23 1-20

l__—] Further documents arc listcd in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered nove!l or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

12 April 2016 (12.04.2016)

Date of mailing of the international search report

05 MAY 2016

Name and mailing address ot the ISA/

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571.273-8300

Authorized officer
Shane Thomas

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - wo-search-report

