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Device, System, and Method of Pre-Processing and Data Delivery

for Multi-Link Communications and for Media Content

Cross-Reference to Related Applications
[0001] This patent application claims benefit and priority from United States provisional
patent application number US 62/501,133, filed on May 4, 2017, which is hereby incorporated

by reference in its entirety.

Field
[0002] The invention relates to the field of telecommunications.
Background
[0003] Millions of people utilize electronic devices and computing devices on a daily basis,

for business uses as well as for personal uses and entertainment. For example, many users
utilize a desktop computer, a laptop computer, a smartphone, or a tablet in order to browse the
Internet, send and receive electronic mail (Email) messages, send and receive files, engage in
Instant Messaging (IM), participate in video conferences, play games, compose documents,

capture images, and perform other tasks and activities.

Summary
[0004] The present invention comprises devices, systems, and methods of pre-processing
and data delivery for multi-link communications and for media content. For example, a method
for transporting a video content from a content delivery device to a recipient device, includes:
inequitably distributing packets of the video content, for transmission across two or more
transmitters that transport data to the recipient device over two, different, one-to-one
communication links; wherein the distributing of the packets is performed by selecting and
applying a particular Packet Distribution Scheme out of a plurality of different pre-stored
Packet Distribution Schemes. The Packet Distribution Scheme is selected based on its
similarity to actual or predicted performance characteristics of the available transmitters.
Optionally, multiple encoded-versions of the video content are prepared in advance, and are
stored together with a record indicating which encoded-version should be used in conjunction

with which Packet Distribution Scheme.
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Brief Description of the Drawings
[0005] Fig. 1 is a schematic illustration of a system, in accordance with some demonstrative

embodiments of the present invention.

Detailed Description of Some Demonstrative Embodiments of the Present Invention
[0006] Reference is made to Fig. 1, which is a schematic illustration of a system 100, in
accordance with some demonstrative embodiments of the present invention.

[0007] For example, a delivery device 110 may deliver or transport content to one or more
recipient devices 151-157. The device 110 may be a server computer, which may comprise a
local or a co-located content repository 111, and/or which may have access to a remote content
repository 112, and/or a local repository including cache, and/or which may be connected to
(or associated with) a content generator 113, such as a video camera 114 or other able to capture
or feed audio and video or other audio/video acquisition unit.

[0008] Optionally, an access medium 198 (or, multiple such access mediums, of the same
types or of different types) may be used by the Delivery Device 110, to access the content
stored in the remote content repository 112; for example, a shared access medium, a non-shared
access medium, a wired link, a wireless link, a data cable, fiber optics, the public Internet, a
Virtual Private Network (VPN), an organizational network, an enterprise network, a LAN or
W-LAN, or the like. The remote content repository 112 may be of one or more types; for
example, a stream video and/or streaming audio service or server or repository (e.g., similar to
YouTube or Netflix); a content repository within (or operated by) a tele-communications
operator or Telco or a Mobile Network Operator (MNO); a content repository within (or
operated by) an Internet Service Provider (ISP) or a telephony service provider or other
communication service provider; a content repository of a Content Delivery Network (CDN)
(e.g., similar to Akamai); or any other content repository or content provider entity along the
way from the point at which the content is generated and/or created and/or captured and/or
encoded, to the end-point and through the “last mile” infrastructure service provider or any
node or network element between them.

[0009] The device 110 comprises, or is associated with, two or more networks or core
networks or access networks or elements such as gateways or routing elements or IP addresses
or nodes into such networks or similar; for example, a cellular 5G or 4G-LTE network 121, a
cellular 3G network 122, a Wi-Fi network 123, a Digital Subscriber Line (DSL) network 124
(such as, DSL or ADSL or R-ADSL or HDSL or IDSL or SDSL or VDSL, any of which may

2



WO 2018/203336 PCT/IL2018/050484

be referred to as “xDSL”), an optical fiber network 125, a satellite communications network
126, and/or other suitable network elements.

[0010] The device 110 may further comprise a memory unit 131 (e.g., RAM, Flash
memory) and/or a storage unit 132 (e.g., Hard Disk Drive (HDD), Solid State Drive (SDD),
Flash-based storage unit), able to store (e.g., for short term and/or for long term) data, raw data,
processed data, meta-data, program code, machine-readable instructions, one or more
applications, and/or other data.

[0011] The device 110 further comprises a processor 133, for example a Central Processing
Unit (CPU), a Digital Signal Processor (DSP), a Graphics Processing Unit (GPU), one or more
processing cores, an Integrated Circuit (IC), an Application-Specific IC (ASIC), or the like.
The processor 133 may execute code or instructions, for example, that are stored in memory
unit 131 and/or storage unit 132; and may command or control other units or module of the
device 110.

[0012] The content to be transmitted or transported may be or may comprise, for example,
video, audio, audio-and-video, a video clip, a video item, streaming video, a video file, rich
media content, Virtual Reality (VR) content, Augmented Reality (AR) content, 360-degrees
video content, multiple-angles video content, multiple-feeds or multiple cameras or other
media sources, or the like. The content may be stored in raw format (e.g., as a sequence of
discrete frames or discrete images), in compressed format and/or in encoded format.

[0013] The content is delivered or transported from the device, directly to one or more
recipient devices, or indirectly over one or more intermediary network elements, such as a
network switch, network hub, network router, relay elements, re-transmitter, proxy server(s),
and/or other network nodes or network elements or multiple hops or segments and hierarchies
of such, using any IP protocol stacks, transports, PHYs, MACs, and/or other underlying IP
packet delivery mechanisms of the relevant network segments. In some embodiments, device
110 intends to deliver the content to more than a single recipient or end-point or end-node or
destination IP or destination MAC or other destination ID; for example, to two or more home
set-top boxes for viewers watching the same live football match. The IP delivery device may
use multicast or broadcast towards these set-top boxes. The routing or networking mechanism
and protocols may be multicast-based or broadcast-based, e.g., single content delivered to
multiple receivers using IP address schemes; or, it may use multiple unicasts, a separate one
for each destination address; or a combination of both unicast and/or multicast and/or

broadcast.
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[0014] The content is transported or delivered, at least during a portion of the transport or
the delivery, over an access medium or over multiple such access mediums (199A, 199B, or
the like); e.g., a shared access medium, a non-shared access medium, the public Internet, a
cellular communication network, a satellite communication network, a wired communication
network, a fiber optic network, a cable network, a telephone network, a wircless
communication network, or the like. The multiple access mediums 199A and 199B may be of
the same type, or of different types (e.g., cellular and Wi-Fi), or may be of the same type but
with different technologies (e.g., cellular 3G and cellular 4G-LTE).

[0015] For demonstrative purposes, portions of the discussion herein may relate to a single
Delivery Device 110; however, the present invention may further comprise, or may similarly
be utilized with, two or more such delivery devices which may operate in parallel or
concurrently (e.g., Delivery Device 110 and Delivery Device 110B), using the same or using
different access medium(s) and/or using the same or different types of communication links;
delivering the same content item, or delivering different content items; delivering such content
item(s) to the same recipient or to different recipients; delivering such content item(s)
simultaneously or concurrently, or at different time-slots; or the like.

[0016] In some embodiments, a particular content-item such as a particular video, or a
segment or a slice or a part of a video, or a packet of compressed and split video or other media
item, is transported or transmitted to a particular recipient device, using a point-to-point or a
one-to-one transport or transmission or using a one-to-one communication channel, which may
by itself utilize or comprise two or more communication links that are used in parallel or
concurrently; this is a unicast, for example such that the destination is a home set-top box
associated with a cellular modem with a service package and SIM or other authorization
credentials or authentication credentials from a specific cellular provider or operator, and
another transceiver (or transmitter) to a fixed network operator such as cable or satellite or
xDSL. The two transceivers (or modems, or transmitters) have different IP addresses as they
are [P elements within different networks. Even if they were on the same network, such as two
cellular modems of the same operator, they would still have two different IP addresses. The
smart TV or laptop or router connected to them may have its own IP address within the network
of an ISP, or another service provider. The part of the content is then destined to a specific
transceiver (e.g., a specific receiving unit having a specific IP address) of the two or more
transceivers. When relevant packets arrive at the end bonding processor associated with these
two transceivers, it decapsulates them from any bonding-specific delivery protocol

encapsulation and forwards them to their relevant IP destination according to the address in the
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decapsulated packets. The decapsulated destination address may be using a multicast or a
broadcast or a unicast addressing schemes; but the split delivery, or the distributed delivery, or
the divided delivery, or the bonded delivery, from device 110 or anywhere along the route or
routes from it, is done using multi-link bonding, e.g., sending it to a specific address or several
of them. Multicast or broadcast may be used underneath the bonding protocol and
encapsulation, as may unicast, or above it — further encapsulating in multicast or broadcast or
unicast IP schemes the bonding encapsulated packets; The bonding IP transport scheme and
protocol may be proprietary, such that allows splitting or dividing or distributing the content
over multiple network operators at the application layer, or standard bases, such as Multi-Path
TCP (MPTCP) or Multi-Path QUIC (MPQUIC) or others, with their particular features and//or
limitations (such as, not supporting splitting to more than two networks, or not supporting two
different network operators, or any other limitation or benefit or feature).

[0017] The recipient devices may be or may comprise, for example, a smartphone 151, a
tablet 152, a smart television 153, an Internet-connected multimedia device 154 (e.g., Internet-
connected screen, Internet-connected “streamer” unit or video-streaming apparatus), a laptop
computer 155, a desktop computer 156, an audio/video consumption device 157, a gaming
device 158, multi-link modem or transceiver or transmitter or content delivery unit, router or
another network element, set-top box, video head-end (in the street serving multitude of end
nodes), Access Point, or the like. Each one of the recipient devices may comprise one or more
wireless and/or wired transceivers or modems, able to receive the incoming content (e.g.,
compressed and encapsulated video packets).

[0018] In accordance with the present invention, a content item, a video item, segment,
DAS HTTP initiated video part or similar invoked part, packets representing it in any way, a
streaming video, or other content is intended to be transported or delivered to a particular
recipient device, or to several such particular recipient devices (over discrete and separate
point-to-point communication paths, or over a multiplicity of discrete and separate one-to-one
communication sessions between the transmitting entity 110 and each separate one of the
recipient devices).

[0019] The device 110 has access to the content, which is stored locally and/or remotely,
or which the device firstly obtains from a remote repository. For example, the content may be
an HEVC H.265, or AV1, or webRTC, or MPEG-4 or MP4 video file, containing video frames
of various types (c.g., I-Frames, P-Frames, B-Frames). The content may be packetized, for
example, already obtained by the Device 110 as a set of data-packets, or the Device 110 may

utilize its own Packetizing Module 134 to perform packetization of to divide the content into
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discrete packets. As a demonstrative and non-limiting example, a 64-kilobyte I-Frame may be
packetized to consist of 50 data packets of 1,316 bytes per data-packet; an 8-kilobyte P-Frame
may be packetized to consist of 9 packets of 900 bytes per data-packet; and so forth. Each
packet may comprise a header or other component, particularly storing a Sequence Number
(SN) indicator and/or a Timing indicator which indicate the particular location or offset or
timing of that packet relative to other packet(s) or relative to a fixed time-point or value. In a
demonstrative example, the packets of a video content are sequentially numbered with integer
and consecutive Sequence Numbers (SNs), such as 1, 2, 3 and so forth; in other
implementations, other types of numbering (e.g., not necessarily consecutive) may be utilized.
[0020] Instead of the traditional method of sending or delivering all the packets in a serial
manner, one packet after another packet in their original order based on their Sequence
Numbers, via a single transmitter on a single network, the Device 110 of the present invention
operates differently: it utilizes a Packet Distribution Unit 135 selectively, and generally
inequitably or un-evenly, distribute the data-packets for transmission to (or over, or across, or
via) two or more networks or routes including at least one wireless section on at least one of
these routes when both are on the same network or communication links, which then transmit
or transport their allocated packets, not necessarily synchronized between the two or more
connections, or at least partially simultaneously yet without the need for synchronization or
knowledge of one another, or during at least a partially-overlapping time-window), to a
particular recipient device or end-node destination IP address.

[0021] For example, the content item is packetized into 5,000 data packets, which
correspond to 5 minutes of video content. The packets may have the same packet-size, or which
may have different packet-sizes. The Packet Distribution Unit 135 determines, for example,
that the first 1,000 packets, that are numbered from Packet 0001 to Packet 1000, correspond to
the first minute of the video. The Packet Distribution Unit 135 distributes these 1,000 data
packets, for transmission or transport to the recipient device, as follows: Packets 0001 through
0200 are allocated to be transmitted via the Cellular 5G network or core network or access
network or mobile network or route towards the 5G Transceiver 121; Packets 0201 through
0500 are allocated to be transmitted (e.g., generally in parallel) via the XDSL network towards
the end node XxDSL Transceiver 124; and Packets 0501 through 1000 are allocated be
transmitted (e.g., generally in parallel) via the Optical Fiber network segment towards the
Optical Fiber Transceiver 125. These three transceivers then proceed to send or transmit, to
the recipient device, the packets allocated to them, each one of them may be implemented

separately via a point-to-point or a one-to-one connection towards the same recipient device
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(e.g., having the same Recipient IP address). Itis noted that the term “transceiver” as used here
may be or may comprise any suitable transmitting unit, transmitter, transmitter-and-receiver,
modem, content delivery unit, or the like.

[0022] The actual performance characteristics of each one of the used or available
transmitters or transceivers or modems or packets delivery devices, may change or may
fluctuate over time, due to various reasons; such as, due to imperfections of the modem or
transceiver itself, due to weather conditions that may affect a wireless medium, due to network
congestion, due to network failures (e.g., a particular cellular tower is physically damaged),
and/or other factors or reasons which may not necessarily be predictable. The Device 110 may
utilize a Transceiver / Modem / Delivery connection / Link Performance Characteristics
Estimator 136, to estimate or to measure or to calculate the current and/or actual and/or most-
recent and/or predicted characteristics of the performance of each one of the available and/or
the utilized transceivers / modems / communication links. Optionally, the Performance
Characteristics Estimator 136 may utilize, or may take into account, feedback or responses or
signals or messages received from the recipient device and/or from the network itself and/or
from one or more layer or elements of the network; e.g., via a back-channel, or feedback loop,
or as Acknowledgement (ACK) signals or packets, or as Negative Acknowledgement (NACK)
signals or packets, or as retransmission request(s) from the network or from the recipient
device, or from error codes or error messages received from the recipient device or the
network(s) used, or from an analysis or from signals that indicate buffering events and/or
latency and/or lagging and/or delays and/or missing packets and/or dropped packets and/or
erroneous packets and/or lost packets, or the like.

[0023] For example, the Performance Characteristics Estimator 136 may determine or may
estimate, that the current performance (e.g., reliable and/or useful and/or effective and/or actual
bandwidth or throughput or goodput) of the Cellular 4G-LTE or 5G Transceiver 121 is
degraded or is decrease d relative to a threshold value or relative to past or recent performance
of that transceiver or extrapolations or interpolation or other mathematical deduction methods;
and that the current performance (e.g., reliable and/or useful and/or effective and/or actual
bandwidth or throughput or goodput) of the Optical Fiber Transceiver 125 is stable or is even
increased.

[0024] Based on the analysis or the estimates of the Performance Characteristics Estimator
136, the Device 110 may utilize its Packet Distribution Scheme Modification Unit 137 to
classify or to characterize the performance of the links, and/or to modify the packet distribution

scheme that was applied so far; for example, by setting a new, different, ratio of distributing
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the next 1,000 packets, to the three delivery devices that were used; such as, by allocating to
the Cellular 5G or 4G-LTE delivery device or transceiver 121 only 120 packets (Packets
number 1001 through 1120) in the next batch of 1,000 packets that is intended for transmission
(e.g., instead of 200 packets that were allocated to the Cellular 5G or 4G-LTE Transceiver 121
in the first batch of 1000 packets); and by increasing the allocation of packets to the Optical
Fiber Transceiver 125 from 500 packets in the previous batch to 580 packets in the next batch;
and so forth.

[0025] The Performance Characteristics Estimator 136 may analyze or estimate the
performance of any one of the already-transmitting or the already-utilized modems or
transceivers or deliver units or delivery elements or communication links; and, may also
analyze or estimate the performance of any not-currently-transmitting or not-currently-utilized
modem or transceiver or communication link. Based on such analysis or estimations, the
Device 110 may classify the links or delivery devices, for that particular time duration or for
extrapolated time duration, as well as for other extrapolated links not participating in that
delivery or in that analysis at all, including for future delivery links or for candidate deliver
links. Device 110 may also utilize its Selective Activator / De-Activator Unit 137 to selectively
activate or de-activate a particular modem or transceiver, such as, to selectively de-activate a
modem or transceiver that exhibits reduced or inadequate or insufficient performance
characteristics, e.g., in absolute values, or in relative values, or relative to a pre-defined
threshold value, or relative to a pre-defined range-of-values, or relative to the performance of
another modem or transceiver, or relative to the previous or the past or the most-recent
performance of that same modem or transceiver; or, to selectively activate a not-yet-utilized or
a not-currently-utilized modem or transceiver, or the like.

[0026] Additionally or alternatively, based on such analysis or estimations, the Device 110
may utilize its Operational Parameters Modifier Unit 138 to selectively instruct a particular
modem or transceiver to change, increase or decrease one or more of its operational parameters
or configuration; for example, to send more (or less) Forward Error Correction (FEC) signals
or packets or data, to reduce its transmission rate, to increase its transmission rate, or the like.

[0027] In some embodiments, optionally, based on such analysis or estimations by the
Performance Characteristics Estimator 136, the Operational Parameters Modifier Unit 138 may
further instruct a Video Encoder (e.g., a video encoder 188A of or within the Device 110, or
co-located with the Device 110, or a remote or a separate Video Encoder 188B that is operably
associated with the Device 110 or that is remotely controlled by device 110 or that is remotely

configurable via commands from device 110 or that is associated with the content generator
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113 and/or with the video camera 114 and/or with the remote content repository 112 and/or
with components of a Content Delivery Network (CDN) or the like) to modify one or more of
its encoding parameters; for example, to increase (or to decrease) the encoding bitrate, to
increase (or to decrease) the video resolution, to increase (or to decrease) the sampling rate of
video or audio, to change an encoding scheme or a compression scheme (e.g., from H.264 to
H.265), to change the Frames Per Second (FPS) at which the video is encoded, to perform re-
encoding or trans-coding of the video (or portions thereof) into or using a different encoding
scheme, or the like.

[0028] At the recipient device, two or more transceivers (e.g., wired transceivers and/or
wireless transceivers), of the same type and/or of different types, operate to receive the
incoming data packets (e.g., video packets), which may typically arrive in non-sequential order.
The incoming packets are stored or placed in a local buffer or memory unit of the recipient
device; and the Assembly Engine of the recipient device operates to re-construct the video-
stream or the data-stream or a playable video item from the incoming data packets, for example,
by ordering and/or re-arranging them and/or re-shuffling them and/or moving them within the
buffer in accordance with the Sequence Number (SN) or the Timing indicator of each packet,
and/or by copying them or moving them to another buffer at the right order; thereby creating
or re-constructing the ordered set of video packets in their correct order. A video player or
video playback module or content playback module in the recipient device operates to playback
the video content, for example, by outputting video frames to a screen and by outputting audio
signals via an audio output unit (e.g., audio speakers, earphones, headphones, audio out socket).
The re-assembly of the video stream at the recipient device, may be performed in real time or
in near-real-time; for example, the recipient device may receive (out of order) the packets
numbered 0001 to 1000, may rapidly re-arrange them into their correct order, may output them
internally within the recipient device to the video player for playback, and while the video
player indeed plays the 60 seconds of video (from the re-arranged video packets numbered
0001 to 1000), the recipient device, in parallel, continues to receive additional incoming video
packets that correspond to the subsequent portion(s) of the video being transported to the
recipient device, and then re-constructs from those additional video packets the continuing
portion of video segment for playback, and so forth.

[0029] The recipient device may optionally send feedback or control messages back to the
device 110, at the application level and/or at one or more layers or levels of the communication
session(s) being utilized; for example, in order to report missing packets or lost packets or

dropped packets or erroneous packets, to report ACK or NACK of packets or of other
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messages, to report about latency or lagging or delay in the playback, to report about occurrence
of buffering events at the video player of the recipient device and/or about the length and/or
frequency of such buffering events, to report about artifacts (e.g., their existence, their
frequency, their on-screen location, their number, the area that they cover, or the like), to report
about the actual PFS being displayed, to report about one or more imperfections or problems
with regard to the audio/video reception and/or playback and/or consumption and/or stream-
assembly and/or packet-ordering process, to request re-transmission of packet(s) and/or video-
segment(s), to report actual or measured or estimated or predicted performance characteristics
of one or more transceivers or modems utilized by the recipient device for reception, and/or
other feedback data or control data that may then be utilized by the Device 110 in order to
modify the packet distribution scheme among modems / transceivers / links, and/or in order to
modify the utilization of one or more of the modems / transceivers / links, and/or in order to
modify one or more configurational parameters or operational parameters of one or more of
the modems / transceivers / links of the Device 110 or of one or more other units or parameters
of the Device 110 (e.g., video encoder; buffer size; logical window(s) size(s) being used; or the
like).

[0030] In a demonstrative implementation, one of the recipient devices may be a Cellular-
Enabled (or cellular augmented) or a Multi-Link Network Enabled Set-Top Box 160 (or an IP
Network Media Streamer 165 or a Multi-Link IP Traffic Handler 166 such as a router, switch,
hub, access point, relay node, repeater, ot the like), which comprises for example: a home or
office or enterprise cable-box or set-top box 161 or local communication gateway comprised
of a modem to the fixed network and any type of a network level element or satellite-associated
box, which receives incoming data (e.g., incoming video, incoming digital video) via a wired
communication link (e.g., from a local cable company), or a satellite link, or another fixed
connection including cellular-access, wherein the set-top box 161 is further associated with or
operably connected to a nearby or a co-located cellular unit 162 (e.g., a smartphone, or a tablet
equipped with a cellular transceiver, or other unit which comprises a cellular transceiver); such
that (as further discussed herein) a first portion of the packets of an incoming video is
transported and is received over a fixed connection communication link, whereas a second
portion of the packets of the incoming video is transported (e.g., concurrently, at least partially
in parallel) via a cellular communication link; and such that an Assembly Engine 163 at such
apparatus (160) assembles or re-assembles or re-constructs a video-stream from the incoming

packets that are received (typically received out-of-order) from the two communication paths.
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[0031] In another demonstrative implementation, one of the recipient devices may be a
Cellular-Enabled (or cellular augmented) or a Multi-Link Network Enabled Computing Device
170, which comprises: a computing device 171 such as a laptop computer or a desktop
computer, which receives incoming data (e.g., incoming video, incoming digital video) via a
wired or another fixed communication link (e.g., from a local Internet Service Provider (ISP),
such as via an xXDSL modem or a cable-box or a satellite modem or set-top box or router or
another network device or a wireless Access Point associated with any of these), wherein the
computing device 171 is further associated with or operably connected to a nearby or a co-
located cellular unit 172 (e.g., a smartphone, or a tablet equipped with a cellular transceiver, or
other unit which comprises a cellular transceiver); such that (as further discussed herein) a first
portion of the packets of an incoming video is transported and is received over a wired
communication link, whereas a second portion of the packets of the incoming video is
transported (e.g., concurrently, at least partially in parallel) via a cellular communication link;
and such that an Assembly Engine 173 at such apparatus (170) assembles or re-assembles or
re-constructs a video-stream from the incoming packets that are received (typically received
out-of-order) from the two communication paths.

[0032] In yet another demonstrative implementation, one of the recipient devices may be a
Cellular-and-Broadband / Multi-Link Communication Arrangement 180, which comprises: a
Cellular Unit 181, such as a smartphone or a tablet that is equipped with a cellular transceiver,
and which receives incoming data packets via a cellular communication link; wherein the
Cellular unit 181 is further associated with or operably connected to a nearby or a co-located
non-cellular device such as an Internet Broadband Receiver 182 (e.g., implemented as an xDSL
modem, or a cable-box or a set-top box, which are connected over a fixed or wired or wireless
connection to a local Internet Service Provider (ISP) that provides wired Internet broadband
service; or, implemented as a satellite-based Internet receiver or another wireless-based
Internet receiver or transceiver or modem which is connected via wireless link or satellite link
to a satellite-based Internet Service Provider (ISP), or other suitable Broadband Internet
receiver unit); such that (as further discussed herein) a first portion of the packets of an
incoming video is transported and is received over a cellular communication link of the Cellular
unit 181, whereas a second portion of the packets of the incoming video is transported (e.g.,
concurrently, at least partially in parallel) firstly to the Internet Broadband Receiver 182 (e.g.,
via a wired communication link, or via a satellite-based communication link) and is then
transported (e.g., wirelessly, via Wi-Fi or Bluetooth, or even via cable tethering or physical /

wired connection) from that Internet Broadband Receiver 182 to the Cellular Device 181; and
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such that an Assembly Engine 183 at the Cellular-and-Broadband / Multi-Link Communication
Arrangement 180 assembles or re-assembles or re-constructs a video-stream from the incoming
packets that are received (typically received out-of-order) from the two communication paths.
[0033] In accordance with the present invention, the Device 110 need not necessarily
compute or determine, again and again, which packet distribution scheme to utilize, and/or at
which ratio to distribute the outgoing packets among modems / transceivers / link / routes,
and/or which particular modems / transceivers / links / routes to actually utilize for delivery
and at which operational parameters or workload for each one of them. Rather, the Device 110
may utilize a local (or remote) Database of Packet Distribution Schemes 139 to store therein
representations of packet distribution schemes, such as, schemes that were already computed
recently (e.g., 5 seconds or 30 minutes ago) in this same transmission session to this same
recipient device, and/or schemes that were already computed historically (e.g., 2 or 5 or 21
days ago) in previous delivery to this same recipient device, and/or schemes that were already
computed with regard to delivery to similar type of recipient device (e.g., recipient device of
the type “smartphone”; or recipient device of the type “Samsung Galaxy smartphone”; or
recipient device of the type “Samsung Galaxy Note 5”; or recipient device of the type “Android
tablet with screen resolution of 1200 x 1920 pixels”; or recipient device of the type “electronic
device having a Cellular 4G-LTE transceiver and a Wi-Fi transceiver”; or the like), and/or
schemes that were already computed in previous transmission of this same video (or content)
to other recipient devise that belong to the same device-type (e.g., as demonstrated above) or
that belong to other device-type(s); and/or one or more pre-defined scheme(s) and/or default
schemes and/or fallback schemes that may be used (or, that should be used) if a scheme-
selection process fails or if an immediate scheme selection is required or if there is insufficient
data (or, there is uncertain data or ambiguous data or contradicting data) with regard to current
or estimated or predicted performance of modems / transceivers / communication links.

[0034] For example, each record or item in the Database of Packet Distribution Schemes
155, may indicate: (a) the characteristic of the packet distribution scheme (e.g., “send video-
packets via 4G-LTE Cellular transmitter and via Wi-Fi transmitter at a packet ratio of 2:3”; or,
“send video-packets via 4G-LTE cellular transmitter with a limit of 4 Mbps, and via Wi-Fi
transmitter without a limit, and at packet ratio of 1:3 between them), and (b) the one or more
conditions or criteria (e.g., performance characteristics and/or situational characteristics) that
indicate at what situation or scenario this particular scheme should (or may) be selected and
deployed (for example, “if the recipient device is an Apple iPhone X”; or “if the recipient

device is an Apple iPad equipped with a Cellular transceiver”; of, “if the Cellular Transmitter
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of the device 110 had an actual transmission bandwidth of at least 3.5 Mbps in the past 30
seconds”; or the like).

[0035] In some embodiments, optionally, a Packet Distribution Scheme may further
comprise pointers towards particular or discrete packets or packet-sets or sets-of-packets, or
blocks of packets, or data-segments or video streamlets, indicating which packet(s) or video-
segment(s) are to be transported via a particular communication link or modem or transceiver
(e.g., an indication that “packets number 001 through 128 are to be transported via Cellular
4G-LTE link, and in parallel, packets number 129 through 192 are to be transported to the same
recipient via Wi-Fi link™); optionally, a copy of the relevant packets or data-segments or
streamlets (e.g., an actual copy of the packets or the bytes to be transmitted, and not only
pointers towards such stored packets or bytes) may be included in such Packet Distribution
Scheme or may be part of the data of a Packet Distribution Scheme.

[0036] In some embodiments, the conditions or criteria for selecting or deploying a
scheme, may be indicated (e.g., in the Database of Packet Distribution Schemes 155) in
absolute values (e.g., “actual transmission bandwidth of at least 3.2 Mbps on the Wi-Fi
transmitter”), or in a range-of-values (e.g., “actual transmission bandwidth in the range of 2.6
to 4.4 Mbps on the Cellular 4G-LTE transmitter”), or in relative terms (e.g., “reduce by 20
percent the bandwidth that is currently allocated for transmission via the Cellular 3G
transmitter if the actual transmission bandwidth of that Cellular 3G transmitter has decreased
by at least 10 percent in the last 45 seconds”), or by using conditional expressions (e.g.,
“allocate packets for transmission via the Cellular 3G transmitter if and only if the Wi-Fi
transmitter indicates an actual bandwidth of less than 1.2 Mbps”), or by using indications to
activate / de-activate a particular transmitter / transceiver / modem, or by using indications to
user or to refrain-from-using a particular transceiver / modem / communication link / operator
/ network, or by using date and/or time and/or geo-location parameters for scheme definition
or scheme selection (e.g., “allocate packets to the Wi-Fi transmitter only between 10 PM to 8
AM?”, or “allocate up to 2.7 Mbps of packets for transmission by the Cellular 4G transmitter
only on weekends”, or “allocate not more than 0.6 Mbps of packets to the cellular 3G
transmitter if it is located in Manhattan”), and/or other suitable indicators and/or conditions.
[0037] It is noted that for demonstrative purposes, such schemes may be referred to herein
as “packet distribution scheme” or “packet split scheme” or “bonding scheme” or “split
scheme” or “bonding scheme” or “multi-link scheme”; and that each such scheme is not limited
to only describing the Ratio of allocating or distributing packets for transmission via or across

multiple transceivers / modems / communication links, but rather, each such scheme may
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further enumerate or quantify or indicate other parameters or configurational properties that
should be used or that should not be used when such scheme is selected (e.g., which available
transceivers / modems / links to utilize or not to utilize, or to activate or not to activate, or to
limit or not to limit, or which conditions to apply as demonstrated above, and so forth).

[0038] At the device 110, a Scheme Selector 140 may operate to select one of the pre-
defined packet distribution schemes; for example, by comparing between: (I) the current or
actual or estimated or predicted performance characteristics of one or more (of some, or all) of
the available (or the actually-transmitting) modems / transceivers / communication links, and
(II) one or more values or ranges-of-values that characterize each Scheme stored in the
Database of Packet Distribution Schemes 155. In some embodiments, in addition or instead of
performing comparison operations, optionally, a Sufficient Similarity Determination Unit 141
may operate to declare or to determine whether or not there exists sufficient similarity between
the sensed or measured performance characteristics; optionally utilizing pre-defined or
dynamically-modified margin-of-error parameters or margin-of-similarity parameter (e.g.,
indicating that a measured value V is considered “sufficiently similar” to a reference value R,
if for example, 0.9 < V/R < 1.1, indicating a “margin of similarity” of approximately 10 percent
upwardly or downwardly relative to the reference value).

[0039] Additionally or alternatively, the Device 110 (or another / external / remote unit, on
his behalf) may optionally prepare and then utilize and optionally re-utilize multiple versions
of the video, or of time/duration-based or other slices or portions or segments of the video (or,
of the content intended for transmission), which are encoded at different quality and/or by using
different encoding parameters (e.g., bitrate, sampling rate, resolution, codec, encoding scheme,
compression scheme, color depth, or the like). For example, a Streamlets / Data-Slices
Generator 142 may take the video (or other content) intended for transmission, or may cut or
crop a portion or a segment from it (e.g., corresponding to 60 seconds of video playback); and
may encode or re-encode or trans-code that slice, one or more times, at one or more (e.g.,
different) encoding parameters (e.g. in ABR / Adaptive Bit Rate of several encoding outputs
and therefore several bandwidths). The multiple versions of the encoded video-segment,
and/or the video-packets that correspond to such segment after packetization, are stored in
Encoded & Packetized Streamlets / Data-Slices Repository 143; together with meta-data or
indicators or descriptors of each encoded / packetized version of the video segment. For
demonstrative purposes, a one-minute video segment may be encoded several different times,
in order to produce, and to store in said repository, for example: (i) encoded-version-1, of 2,500

kilobytes, encoded with H.264 at bitrate of 1,600 Mbps and at audio sampling rate of 48 KHz,
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with video resolution of 1080p, packetized into 25 packets of 100 bytes-per-packet; (ii)
encoded-version-2, of 2,100 kilobytes, encoded with HEVC/H.265 or AV1 or H.264 at bitrate
of 950 Mbps and at audio sampling rate of 44 KHz, with video resolution of 1080p, packetized
into 21 packets of 100 bytes-per-packet; (iii) encoded-version-3, of 1700 kilobytes, encoded
with H.265 at bitrate of 1500 Mbps and at audio sampling rate of 48 KHz, with video resolution
of 720p, packetized into 15 packets of 100 bytes-per-packet; and so forth.

[0040] As the Device 110 (or, other delivery entities which may be operated by a common
entity or by the same administrator) deliver videos (or other content) to a variety of recipient
devices, the Device 110 may gradually collect data with regard to which encoded-version of
the video segment is the most suitable, or most adequate, or matching, or would provide better
or optimal QoS or QoE, at certain delivery / reception conditions, or which encoded-version of
the video segment should “go together” or fits well (from QoS / QoE point-of-view) with a
particular Packet Distribution Scheme (e.g., the scheme that defines which modems /
transceivers / communication links to utilize, and at which ratio to distribute the packets among
them).

[0041] For example, based on the QoS / QoE provided by transmission of a particular
encoded-version of the video by using a particular Packet Distribution Scheme (or a particular
bonding scheme), a Matching Module / Correlator 144 may determine which encoded-version
of the video segment should (or may) be used (or, should not be used; or, may not be used)
when a particular Packet Distribution Scheme is deployed. For example, the Matching Module
/ Correlator 144 may determine that “encoded-version-1” of the video segment that is stored in
the Encoded & Packetized Streamlets / Data-Slices Repository 143, should be used with
“packet-distribution-scheme-4" that is stored in the Database of Packet Distribution Schemes
139, and/or vice versa (namely, that the utilization of that Scheme number 4, should lead to
selecting of encoded-version-1 of the video).

[0042] Accordingly, once a particular Packet Distribution Scheme is deployed, by way of
selecting a particular scheme from the Database of Packet Distribution Schemes 139, or by
way of ad hoc / real-time calculation of a new scheme, the Device 110 may utilize an Encoded
Version Selector 145 to select, from the Encoded & Packetized Streamlets / Data-Slices
Repository 143, a particular encoded-version of the video-segment in order to transmit that
particular encoded-version via the one or more relevant transceivers / modems /
communication links and in accordance with the distribution ratio and/or other configurational

parameters as defined in the particular scheme being deployed.
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[0043] In some embodiments, optionally, one or more, or some, or all of the modules or
units that are discussed above or herein, may be implemented as a single sub-unit or processor,
or as a particular or dedicated processing unit or module; for example, as a Multi-Link Bonding
Pre-Processor 146, which may perform some or all of the operations discussed herein or above,
and which may be located within the Device 110 or externally to it or remotely to it (e.g., at a
pre-processing server or remote server or co-located server or cloud computing server).
[0044] In some embodiments, the device 110 may use Artificial Intelligence (Al) and/or
Machine Learning (ML) and/or deep learning to learn the right, or optimal, or sufficient, or
good enough performance splitting for relevant end nodes over several such bonded
connections. It will then adapt the creation of new content in pre-processed and pre-split
portions according to this learning, discard of splits and schemes that do not match the learnt
knowledge and re-do and re-process and re-prepare the splitting for old stored content.

[0045] The present invention comprises an apparatus, a method and a system for pre-
processing and/or for preparing relevant communication “parcels”, or data portions, or data-
items, or data chunks, or data “slices”, or data segments, that are ready (e.g., in an improved or
enhanced format or structure, or having improved or enhanced properties) for transmitting to
one or more remote recipients, as well as to their actual and reliable delivery to such remote
recipient(s) using (or via, or over) one or more or multiple wireless and/or wired
communications links, and particularly but not exclusively by utilizing a multiplicity of
wireless communications links that are used simultancously or near simultaneously or
concurrently or during at least partially-overlapping time period(s), and especially for
transmission of live video and/or streaming video and/or Video on Demand (VoD) media
content.

[0046] The Applicants have realized that many mobile devices operating on standard or
conventional communication networks, such as cellular networks, Wi-Fi networks, satellite
networks or wired lines (such as cables, fiber or xDSL), are limited in the areas or regions or
geographical regions in which they have coverage from their network operator and in their
download and/or upload rate(s).

[0047] The Applicants have also realized that even in areas or regions that the mobile
device has good cellular or wireless service, still, a typical or average or effective transmission
rate and/or goodput and/or bandwidth and/or throughput, to or from the mobile device in
cellular networks and/or Wi-Fi networks, may not be sufficient for adequately and/or reliably

transmitting and/or streaming and/or uploading a video stream at a desired quality (e.g.,
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particularly at high quality that is above a pre-defined threshold) in real-time or in close to real
time or in near-real-time.

[0048] Some embodiments of the present invention may utilize one or more protocols
and/or methods and/or systems that use multiple communications links together, more or less
at the same time (“simultaneously” or “near simultaneously” or concurrently or during at least
partially-overlapping time slots), such that the bandwidth of such multiplicity of
communication links is aggregated or bonded or combined, into a total bandwidth that may
enable or may allow reliable and/or high-quality transmission of live video and/or of other rich-
media content. The data or packets or bits that are intended to be passed or transmitted or
relayed from one node to one or more other nodes, is firstly split or divided or allocated between
or among a multiplicity of communications or data links or modems or transceivers or
connections or sessions. The data may be sent or transmitted in packets, accumulated or not
accumulated, optionally utilizing one or more buffers, and/or optionally by using one or more
of the methods and/or systems described in United States patent number US 7,948,933 which
is hereby incorporated by reference in its entirety; and/or by using other methods or via
standardized protocols, such as Multi-Path-TCP (MPTCP, IETF RFC 6824 or others), or other
suitable protocols for that purpose.

[0049] Some implementations may utilize transmission of data “slices” in a manner that
can change quality of transmission between such slices; for example, by sending a specific data
slice reflecting a first quality and then changing to another quality of data slice for a second
data slice. Both of such data slices may be prepared in advance or in real time, according to
the actual bandwidth or goodput of a single channel. For example, streaming an audio/video
clip or segment or transmission to a mobile device over a single communication channel, using
slices that are pre-encoded at a specific bitrate (e.g., encoded at 1 Mbps), each data-slice
includes a certain number of packets (e.g., 16 packets) or of time (e.g., equivalent to 2 seconds
of video); and then changing to a different encoding rate of the next data-slice for the next
segment of the video streaming (e.g., pre-encoded at 3 Mbps) because the link and/or
connection to the mobile device has improved and now allows or supports this new (e.g.,
increased) bandwidth, or similarly, preparing and then transmitting an increased bitrate
encoded data-slice in view of increased actual bandwidth.

[0050] The Applicants have realized that such methods cannot be applied naively or in a
straight-forward manner to multi-link communication which utilizes a multiplicity of wireless
communication links (or modems, or transceivers) or simultaneously; because each one of the

packets, or the data-slices, may be split or divided between or allocated to the multiplicity of

17



WO 2018/203336 PCT/IL2018/050484

such links and/or connections and/or modems and/or transceivers, and a change may occur
(e.g., selectively and/or momentarily and/or temporarily) only in some (but not necessarily all)
of the operational characteristics of such links or modems or transceivers.

[0051] The Applicants have realized that conventional methods lack the ability to
adaptively compensate for such changes in only some of the links, for example, with an
increase of bitrate or quality of the data-slice that is intended for transmission in or via the other
link(s), or alternatively with the ability to adaptively compensate for such changes by changing
the load of the other links or modems or transceivers. The Applicants have further realized
that the decision(s) how to structure the data-slices so they are more suitable for simultaneous
multi-link communication and especially for video streaming over multi-link communication
(and especially in a manner that divides or splits a data-slice into portions that are transmitted
simultaneously by separate modems or transceivers), as well as the decision(s) how exactly to
split the packets that each data-slice is comprised of between the multi-links available at each
point in time, as well as the decision which data-slice to use next, are critical parts of the system
or the method that delivers cost and complexity savings together with reliable delivery to the
end-node and the viewer user experience; while absolutely or relatively optimally such as
when also considering resources allocation and consumption, using the multi links available at
each point in time and the current actual performance of each such link or modem or transceiver
or connection.

[0052] The Applicants have realized that the behavior and/or the momentary performance
and/or the actual performance of each one of the communication links, or one or more of them,
may dynamically change in an unexpected manner due to various reasons or conditions; such
changes may occur at very short periods of time (e.g., several microseconds, several
milliseconds) or at longer ones (e.g., tens of milliseconds, hundreds of milliseconds, several
seconds, and even longer). These changes and fluctuations in behavior and performance of the
various communication links (or modems, or transceivers) that are used for transmitting or
uploading content or vide, may be described or measured or indicated in terms of, for example,
bandwidth, goodput, throughput, error rate, loss rate, latency or delay, jittery behavior, or
patterns of each parameter, or other suitable descriptor. Therefore, many times, although not
always, the splitting or dividing or distribution of the data (e.g., distributing of the packets to
be transmitted) over or across the multiplicity of links or modems or transceivers, may change
and may be dynamically adapted to the available total bandwidth and to the bandwidth (and/or

other parameters) of each such communication link or IP connection or modem or transceiver.
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[0053] The Applicants have realized that, for example, at one point in time (or, during a
particular time-slot), 40% of a total transmission of 10 Mbps is passed on link #1 (i.e.,
transmitting 4 Mbps on link #1), and 38% of the total transmission i.e., 3.8 Mbps) is passed
on link #2, and 22% of the total transmission (2.2 Mbps) is passed on link #3. This split, or
distribution of packets, or division, or multiplexing, may continue for some duration, e.g. for
several milliseconds or seconds or minutes or more, as long as the communication links are
generally or are more or less stable in their relevant behavior. However, at a subsequent point
in time, link #2 might suffer from a performance loss, in one or more of its relevant parameters
as described above. The multiplexing or the packet-distribution system may respond, for
example, by reducing the total of transmitted packets to fit, or accommodate, or match the new
total of relevantly good bandwidth, and/or by changing the split or the distribution or the
division of the data (to be transmitted) between or among the relevant links or modems or
transceivers. For example, connection or link #1 may now increase its load (if it has that margin
to increase its load) and may now carry or transmit 5 Mbps, whereas connection or link #3 may
remain on its 2.2 Mbps (for example, because it might not have margin to increase), whereas
connection or link #2 may reduce or decrease its load to 1 Mbps, and the transmission generator
and/or controller or other suitable transmission management module may reduce the overall
transmission rate to the new total rate of the three links, which is in this case comes at 5 + 2.2
+ 1 = 8.2 Mbps. All these numbers or rates may fluctuate, and optionally, hysteresis and
stabilization algorithms may be applied to them.

[0054] The Applicants have realized that, in some cases, transmitting of the same content
or the same video content may be performed to multiple end-devices and/or end-users and/or
end-user devices and/or recipients, which may have similar or different characteristics; and
such transmissions may be performed at the same time, or more or less simultaneously, or at
least partially concurrently, or in different times. For example, a user on a smartphone wants
to watch a video, and then another 100 users may want to watch the same video (or any part of
it), at the same time or later, and at least some of them may use multi-link transmission
protocols / communications, at least for part of watching that particular video. The Applicants
have realized that in such cases it would be helpful to reduce processing resources (e.g.,
processors, processing power, processing time, time-to-respond-to-watch request etc.), and
therefore to reduce operational cost and/or to increase or improve the user experience.

[0055] Further, the Applicants have also realized that the pre-processed packets that are
intended for delivery, may be distributed to other processing resources or memory locations

other than where initially processed and/or calculated and/or computed; for example, to edge
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caching, or viewers’ peer devices, or remote cache servers in the cloud or on premises of
organizations, on proxy servers, etc. This in turn may further reduce operational cost and/or
may further increase or improve the user experience. Especially when watching video, or
streaming video, and particularly high quality video, using two networks such as cellular with
Wi-Hi, or in the home or office, where the cellular may be combined with the home access such
as cable, fiber, XxDSL or even satellite — which may have a wireless last hop via Wi-Fi or
connected via a cable to a device such as a home router or a wireless Access Point (AP) or a or
modem to which the cellular modem is also connected, as well as in other scenarios, the user
watching experience has value for the advertisers, for the video publishers, and/or for other
entities, as well as to the user himself who may directly benefit from improved Quality of
Experience (QoE). Additionally or alternatively, reducing or decreasing the processing
resources may bring value to the service provider(s) in case of multiple significant number of
viewers, over virtually any period of time. Furthermore, bad or low-quality user experience in
watching videos, or streaming videos, might include: video and/or audio stream stoppage,
video or audio breaks, image or audio freezes, image or audio “jumps”, frame loss, buffering
(as expressed or indicated by the video player while it awaits more packets as its output buffer
is empty), pixilation, visual artifacts and/or audio artifacts, audio degradation, image
degradation, reduced video rate (reduced frames per second), reduced resolution, reduced
quantization, reduced audio or video quality in general, audio distortions, audio and video
becoming out-of-synchronization, reduction in audio quality (e.g., stereo audio becomes mono
audio), reduction in frame rate (e.g., a 30 frames-per-second video content is actually being
viewed at 15 frames-per-second rate), or the like.

[0056] The Applicants have realized that, however, since the actual and/or momentary
behavior and/or performance of such communication links and/or network routes and/or
transceivers, and especially wireless ones such as cellular and/or Wi-Fi, fluctuate dynamically
relatively quickly (or less quickly), then there are a lot of permutations and possible variations
with regards to the manner in which a transmission manager operates to split or divide or
distribute the video packets between (or among, or across) two or more links (or modems, or
transceivers) over time. The longer the video, the more permutations and variations there are
during its transmission and/or during its consumption or playback. The more links or network
routes or transceivers being used to transmit in parallel the distributed video packets, the more
permutations and variations of the split of the video packets between the links are expected to

be.
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[0057] The Applicants have also realized that Virtual Reality (VR) content delivery and/or
Augmented Reality (AR) content delivery may require more bandwidth (e.g., relative to a
conventional video file), for example, due to higher resolution and/or especially more
viewpoints / angles or content in general, and/or may require more synchronicity between
different frames and angles in case the video is split or its packets are distributed for
transmission in some ways.

[0058] In other cases, for example, at least one of the two (or multiple) network
connections or [P routes is more stable than others or is even quite stable or is relatively stable,
such as many times the case with a home or fixed access connection (cable, fiber, xDSL,
satellite, Wi-Fi or similar). In at least some of these cases, the fixed access connection may
perform similarly between different homes or offices, i.e., more or less or even quite exactly
the same downlink capacity and similar latency for at least one video or media being streamed
into the premises, may be experienced by several such premises, being (or not being) at a
similar location or vicinity, being (or not being) served by the same headend or similar edge
network device. This stability and similarity may in many times continue over time, i.c., may
not change from one hour to the next or from one day to the next, at least for some of these
access connections at any point in time; for example, when one of the multiple links is a home
xDSL modem or a home cable box that receives data from a cable company or from a telephony
company over a wired connection.

[0059] A demonstrative implementation of the present invention comprises, for example,
a processor or controller, or other processing means, as well as data splitting and data delivery
system and method to prepare and pre-process such data for multi-link transmission, in a way
that allows re-use the pre-processed packets, or streamlets or data-slices or sub-streams or
objects or frames or batches or data-segments, thus resulting in lower resource utilization
and/or increased user experience. Then, the system performs a selecting process with regard to
which data-slices or streamlets or sub-streams or objects or frames or data-segments to
transmit, on which of the dynamically changing multi-links and/or the more fixed and stable
multi-links connections, as well as at which point in time to change between streamlets or data-
slices, in order to deliver reliable and quick transmission of the data stream, is also a process
performed by the system and method of this invention.

[0060] The system of the present invention overcomes or reduces or eliminates the need
to re-calculate the manner in which the data intended for transmission is split or is distributed
between or across the multiplicity of communication links or modems or transceivers in real

time when the actual links performance is measured, while still ensuring reliable and quick
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delivery of the data to the end-node or the intended recipient(s). Furthermore, for some of the
communication links, i.e., the more stable and known ones, in some cases there is no need to
monitor their dynamic performance at all, or the system may monitor the performance of such
generally-stable communication link at a lower sampling frequency, since it is quite certain
that the needed performance is stably and continuously provided by these connections. This
may result in reduced costs for the service provider, for the network operators, potentially for
the end user, and/or reduction in the response time and/or the latency to the end user receiving
the data, and/or increases the user experience.

[0061] When done in real-time, the system and method of the present invention may enable
to “process once, deliver many times”, or may enable to “process a few discrete times, deliver
many times”. For example, when streaming live Virtual Reality (VR) content to multiple
mobile viewers, using multiple links / networks / modems that are combined or aggregated or
bonded simultancously together, the processing may be done for several “typical” links
combinations or transmission conditions, and then the content may be transmitted to multiple
viewers, spread globally (multiple geo-locations), including simultaneously to some or all of
these mobile or non-mobile devices or recipients, where at least some of these transmissions
use multiple links / modems / transceivers / technologies / operators and also including different
combinations of those communications links, and the transmission in each link and/or the total
over all links towards each such end-device is taken from the pre-processed content, even if
not necessarily optimized or optimal for each transmission or end-device, but still being “good
enough” or sufficient or adequate to provide the required or the desired Quality of Service
(QoS).

[0062] A demonstrative benefit of the present invention is, for example, in reducing the
processing resources needed or used for such preparing the content for transmissions, with no
need to pre-process for each such streamed or downloaded media, where if the conditions of
the total bonded transmission over all the communication links (e.g., bonded or combined
together) and the specific performance of each communication link are close enough to that of
the link and link combination (total bonded transmission) for which pre-processing is or was
already done, or at least as good as that, in terms of goodput, throughput, error rate, latency,
time-based jittery or fluctuated behavior of each of these parameters, measured or predicted
performance of each of these parameters. In such a case of mathematically calculated
similarity, the pre-processed split or distribution of packets among links can be used, without
necessarily re-calculating an ad-hoc distribution. Even more so when one or more of the links

is known to be generally stable and sufficiently continuous in its performance characteristics,
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such as, for many fixed access connections (e.g., fiber, xDSL, LAN or satellite — when the
over-booking and non-guaranteed statistical overbooking of the service are controlled and are
stable enough). In some of these cases with a stable enough access connection, it is even not
needed to re-calculate again and again the manner of splitting or distributing of packets
between the generally-stable link and the other connection or connections, as the fixed access
link may be loaded with up to a known bandwidth (also taking into account other usages which
may optionally be done on that connection at that point in time).

[0063] Further, in some of these cases it may even be unneeded to monitor or to continually
monitor the dynamic performance of this generally-stable access network connection, since it
is quite and sufficiently stable and known, or it may suffice to monitor and to measure it at a
lower monitoring frequency or at a lower sampling frequency, thereby resulting in fewer non-
payload bytes being transmitted on it, and/or less resources utilized for the monitoring and
calculation, hence lower cost, lower power consumption, lower burden on system resources,
or the like.

[0064] ‘When the conditions of each of the re-used bonded transmission schemes become
significantly different enough, mathematically according to any function of said parameters
and thresholds or differential function, from those of the pre-processed one that is actually
being used, then another pre-processed split or distribution scheme can be selected and
switched to, at the right moment where, for example, an I-frame or B-Frame or P-Frame or
another synchronous message or frame control has been made, or even without it due (for
example) to “harsh” or strong deviation from the current pre-processed model / transmission
function or distribution scheme; or alternatively, a new pre-processing pattern may be
generated for this set of new conditions, and it may then be stored and re-used later for other
transmissions with sufficiently similar conditions, in absolute terms or relatively when
considering pre-processing resources or their cost in terms of availability, power and heat
generation, price, other more-advantageous tasks for these resources, revenues based on the
transmission, and/or other preferences and parameters.

[0065] In some cases, it is possible for the system of the present invention to pre-process
and prepare in advance the data streams, or packets, or segments, or data-slices, or data-
segments, or accumulated packets, or streamlets that are to be transmitted. By doing so, there
is no processing, or very limited processing, that remains to be done later in real time. Further,
the prepared streamlets or segments or data-slices can thus be ready for a number of
transmissions, and/or can be used and re-used across multiple transmissions at different points-

in-time towards different (or the same) recipient or recipients without necessarily re-calculating
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the optimal distribution of packets and/or without necessarily reconstructing data-slices for
such subsequent transmissions of the same content.

[0066] The pre-known or pre-estimated performance, or the momentary or actual (e.g.,
measured, tracked, monitored) performance of each communication link or transceiver or
modem during active or actual transmission, as well as the statistics and summary of each
communication link and/or modem and/or transceiver performance and the overall or combined
performance characteristics, and/or the Quality of Experience (QoE) and Quality of Service
(QoS) of the video reception and/or video playback and/or video consumption at the end viewer
side or at multiple viewers or multiple recipients, along with these viewers’ viewing parameters
(such as, which player is utilized for playback, versions, Operating System, resolutions,
devices, etc.), may be measured, collected and/or estimated, and may be fed into (and analyzed
by) the processor of the system of the present invention, or another performance analytics
processor or controller or Integrated Circuit (IC) or module, and such data may be stored locally
and/or remotely and/or in a “cloud computing” repository or database or in a “big data”
repository or database.

[0067] The performance analytics processor may analyze the performance data of the
communication links and/or the transceivers and/or the modems that were utilized and/or that
are currently utilized and/or that are intended or considered to be utilized for transmission, and
may further analyze the end user viewing experience including for example, any buffering,
stalls, drops, artifacts, delays, missing or late packets arriving at the viewer bonding or stream
re-assembly mechanism and at the viewer player; and may recommend or initiate or command
an additional pre-preparing iteration or session or process of bonding segments accordingly.
These will also be stored and available to later or subsequent or other viewers or recipients,
that may have similar communication links or connections or transceivers or modems or
viewing devices or recipient devices (e.g., recipients having the same model of smartphone).
[0068] For example, if the analysis or the classification or the extrapolation of performance
data in real time and/or after the delivery, shows that a particular viewer suffered buffering,
such as more than one time (or, more than K times) during a period of M minutes or for
durations longer than T seconds per buffering event (or, as aggregated buffering time), or
otherwise based on other conditions or criteria, and this is the result of at least one of the
multiple communication links not being able to reliably or adequately carry or transport enough
packets (or, being unable to effectively or actually transport data at a rate of at least N Mbps),
or sudden increase in the latency or delay, for example on a specific communication link of a

particular cellular operator C1, and optionally may further identify or learn or deduce from the
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performance of the other communication links (such as of those associated with another cellular
operator C2) that they can be loaded with or utilized for the transport of more packets at that
time in that location, or based on external knowledge or information about the C2 network
infrastructure operation (e.g., based on pre-defined information that cellular network C1 is a
4G-LTE network, and pre-defined information that cellular network C2 is a 3G network), then
the analytics processor may recommend or initiate or determine or command or compute a
different split or division or distribution scheme of the packets to be transmitted in parallel via
the multiple communication links (or modems, or transceivers), so that more packets or an
increased number of packets (in total, or per second, or per time-unit) will be allocated to be
transmitted on or via particular communication links or connections (or modems, or
transceivers) that are associated with cellular operator C2. The new packet distribution or split
scheme is then stored and added to the list of available pre-processed bonding transmission
schemes that are also available to subsequent viewers or to other recipients.

[0069] This can be performed in general, with regard to any location or any time-slot; or it
may be performed in a specific manner for particular locations and/or times and/or time-slots.
For example a Base Transceiver Station (BTS) of cellular operator C2 may be loaded or may
have increased burden or reduced availability between 8 AM to 10 AM (e.g., since it is located
near a busy intersection of roads that many drivers utilize in the morning on their way to work),
but is less burdened and is more available during the rest of the day (e.g., from 10 AM to 3 PM,
when no commute traffic or less commute traffic occurs), so that the analytics learning
processor may identify or detect or deduce this pattern (e.g., by analyzing data from one or
more such time-slots or days); and the relevant split or distribution of bonded transmission to
particular communication links (or modems, or transceivers) may be associated with such
characterizing data so that only transmissions done or performed at that particular geographic
location (or region) and time (or time-slot) would indeed use this specific bonding split or
packet distribution scheme, and optionally also utilizing a particular video encoding quality
and/or output (e.g., determining to use HD rather than UHD at such times and/or locations).
[0070] Devices and systems of the present invention may have multiple uses and/or may
provide multiple benefits or advantages, for example, they may aid in real time streaming of
live video or other rich media or multimedia content to one or more mobile devices or
recipients, such as a cell phone, a smartphone, a tablet, a Virtual Reality (VR) device or headset
or headgear or gear or helmet or glasses, an Augmented Reality (AR) device or headset or gear
or headgear or helmet or glasses, a wearable device, a portable device, a smart-watch, a gaming

device, a gaming console, a video consumption device or system, a vehicular entertainment
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system or unit, a portable entertainment system or unit, an audio/video playback device, or the
like.

[0071] In some embodiments, an apparatus is provided for cooperating with a mobile
device having an embedded or integrated or built-in transceiver or modem. The term “mobile
device” as used herein refers to any suitable device or unit that is configured or able to
communicate with a wireless network, including, but not limited to, a smartphone, tablet,
mobile station, user equipment (UE), personal digital assistant (PDA), laptop, public safety
Land Mobile Radio (LMR) terminals, e-Readers, e-book reading devices, VR devices such as
a headset or a mobile projector, AR devices, dedicated terminals, gaming devise, audio / video
playback devices, smart-watch devices, wearable devices, portable electronic devices, and/or
any other device that enables mobile data communication.

[0072] The terms “transceiver” or “modem” as used herein refers to, for example, any
device or unit that is capable of or is configured for transmitting and/or receiving signals in or
through or via a wireless communication network. For example, a transceiver can communicate
with a cellular network, mobile telephony network, Internet Protocol (IP) network, Wi-Fi
network, Bluetooth network or pairing, and even with (or using) mesh devices or peer-to-peer
devices or ad hoc networks. While the present invention is not limited to any particular
transceiver or communications protocol, some embodiments of the invention may employ or
may utilize transceiver(s) and/or modem(s) and/or communication link(s) that use one or more
of the following exemplary communication standards or protocols: GSM, GPRS, HSPA, Edge,
LTE, LTE Advanced, 2G, 3G, 4G, 5G, 4G-LTE, HSPA, CDMA, CDMA Rev A, CDMA Rev
B, Wi-Max, IEEE 802.16, Wi-Fi, IEEE 802.11, Bluetooth, ZigBee, COFDM, Wibro, Satellite
BGAN, and/or satellite VSAT. Additionally or alternatively, embodiments of the invention
may involve or may utilize or may comprise transceivers or modems that use other known or
future wireless protocols or standards or communication schemes.

[0073] According to some embodiments, a data stream (e.g., a video stream) originating
from a cloud (e.g., a “cloud computing” server or repository) or from an on premise server
(e.g., within an organization or enterprise) or edge (e.g., of a cellular network) or another server
or repository, may be transmitted and/or transported to the mobile device or to a particular end-
user device or to a particular recipient by utilizing at least two transceivers (or transmitters)
that operate in parallel or generally simultaneously or concurrently; such that, for example, if
a data-segment of 600 packets is intended for transmission to that particular recipient, then the
data packets are distributed across the two (or more) transceivers, e.g., such that a first

transceiver is allocated to transmit data packets 1 through 250, whereas a second transceiver
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(e.g., having a greater bandwidth or throughput) is allocated to transmit data packets 251
through 600; and each transmitter operates by itself to transmit its allocated packets, and to re-
transmit failed packets or missing packets or lost packets or erroncous packets; and the
recipient device utilizes a single receiver or two (or more) receivers in conjunction with a Re-
Assembly Engine to re-assemble or to re-construct the data-segment or data-stream of those
600 packets from the incoming packets that are received (not necessarily in order) from the
two transceivers, optionally using a packet numbering scheme or packet-ID scheme that allows
the Re-Assembly Engine to re-construct the data-stream by arranging the received packets in
the suitable order. For example, some of the data packets may be streamed or transmitted or
transported to the mobile device (or to the end-user device or recipient device) over wireless
network such as a first cellular network, using the standard cellular network infrastructure,
paths, routes and means; whereas, the other part of the data packets that are intended for
delivery, is transmitted or transported via a second wireless network, such as a Wi-Fi network,
using the standard network means of such Wi-Fi network or infrastructure. The mobile device
(the recipient device) may then reassemble the video stream from the received packets that
were received, not necessarily in the original serial order of packets, over the two (or more)
communication links, or modems or transceivers, of the same network or technology or of
multiplicity of such different networks or technologies.

[0074] When measured or monitored conditions or performance characteristics change, at
any level — be it the Radio Frequency (RF) level, or the network infrastructure level or
parameters, ot be it the IP stack level parameters, or be it the application or session level
parameters and experience, then the split, or distribution, or division, or allocation, or
multiplexing of the data (e.g., the data packets that are intended for transmission) between or
among all the multiple connections (modems, transceivers) participating at that point in time,
may change or may be modified in order to respond to such changes in conditions or
performance. The decision or the determination whether to change, or not, and how or to which
degree or in which manner to change (e.g., to allocate more packets to a particular link; to
allocate less packets to a particular modem; or the like), may be done by one or more suitable
units, for example, located in the mobile device itself and/or by a splitting or packet distribution
unit at the transmitting server and/or by any other processor or controller in the middle or by a
node or unit or a network element or gateway or proxy or other element that performs
monitoring of the service and the connections performance and/or the user experience.

[0075] For example, such server may be termed “bonding server”. It may differ for each

type of session, or application (such as between video from YouTube to video from Facebook
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to file transfer from the enterprise cloud etc.). It may reside anywhere, as previously described.
It may be a single one, a distributed set of servers or units, or multiple units spread globally
(e.g., at different geographical zones or regions). It may be co-located and co-working with the
pre-processing server or with a multiplicity of such servers, or may be separated from them or
remote from them.

[0076] The term “pre-processing” may be used interchangeably with “bonding pre-
processing”, or “multi-link pre-processing”, unless otherwise specifically referred to as another
type of pre-processing. Sometimes “pre-processing” is interchangeably used as “preparing” —
pertaining to the media processing and preparing and/or the monitoring and decision making
of which packets to send on at least one of the participating multi-links (such as the stable fixed
access connection, for example), and/or further including in the “pre-processing” process the
actual decision or determination of which packet distribution scheme to utilize and/or which
communication link(s) and/or modem(s) and/or transceivers to utilize and at what ratios of
packets distributions among them.

[0077] The pre-processing unit or module may be implemented as server, and/or software,
and/or processor or controller or Integrated Circuit (IC) running the software or able to execute
code or machine-readable instructions. It too may reside anywhere, in the cloud, on edge
network devices such as routers, on mobile devices of end-users, on-premises of some
organizations, at a server or a server-farm of a transmitting entity or of a Content Delivery
Network (CDN), at a transmitting or relaying node or network element, etc. It too may be
single, multiple, distributed, replicated, or the like.

[0078] The bonding pre-processor prepares multiplicity of data streamlets or packet
streamlets or other streamlets that are intended for transmission to one or more remote
recipient(s). The streamlets are prepared for example, in discrete steps, not necessarily covering
all the continuous and/or dynamic range of all the possible permutations; but rather,
corresponding to a list of one or more particular combinations or permutations of possible
utilization of multiple communication links and/or modems and/or transceivers. For example,
it may pre-process and prepare 3 data-streams or sub-streams or streamlets: the first data-
stream intended for transmission at a rate of 10 Mbps; a second data-stream intended for
transmission at a rate of 6 Mbps; and a third data-stream intended for transmission at a rate of
2 Mbps. This first stage of the pre-processing may be called preparing multi-bitrate streaming
encoding, or preparing multiple versions of different data-streams that are encoded at different

bitrates.
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[0079] Then, it may pre-process and prepare for the first stream a first set of NI
permutations of the split or division of the packets of the video, for all its duration and/or for
part of it (e.g., for the first T1 seconds); for the second stream, a second set of N2 permutations
of the split or division of packets of the video for a period of T2 of that video; and for the third
stream a set of N3 permutations of the split or division of the packets of the video for a period
of T3 seconds of that video. The different bandwidth for each pre-prepared stream alternative
may be the result of a different encoding of that video feed or source, using relevant parameters
for that bandwidth and video source and/or type and/or other characteristics and/or the desired
bandwidth output. The bandwidth intended for transmission of each such stream may be the
maximal possible bandwidth, an not necessarily the continuous one or the average one; or it
may be an average bandwidth, or a bandwidth with relevant statistical parameters.

[0080] In some embodiments, the pre-processing results or outputs, such as the split media
content per link or pay sub-stream or per performance characteristic, is stored along with
metadata describing and identifying (for example) the split function or the packet distribution
scheme, the total or combined performance of all of the communication links participating in
that split or distribution scheme, the relevant performance of each one of the communication
links participating in that split or distribution scheme, timing information, indications of bitrate
used and/or encoding used and/or resolution used and/or other meta-data. In addition, a relevant
search index or indices may be calculated or computed and/or stored to quantify or identify this
information and/or other meta-data or information. The result is, for example, a database or a
list or a data-set with relevant calculated data-items representing a matrix of parameters and
search indices based on bonded performance of multiple communication links and/or based on
the separate performance of each communication link, describing the properties of a bonded
transmission scheme in a summarized and/or parameterized and/or indexed and/or quantifiable
manner, which then enables matching and/or comparing of a new transmission scenario to
previously-computed permutations of bonded communication schemes or to previously-
computed permutations of multiple-link packet distribution schemes. In this way, when another
transmission is needed, with its own total bonded transmission performance or parameters
and/or each of the communication links performance or parameters, then the search for existing
one that is “good enough”, or mathematically close enough, is made in order to find a matching
scheme or a sufficiently-close equivalent from pre-computed packet distribution schemes
and/or bonded transmission schemes.

[0081] In some embodiments, a “sufficiently close” or a “sufficiently matching” scheme is

defined or is found, for example, by checking whether the difference in one or more parameters
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of a current scenario, and one or more parameters of a pre-computed scheme, is smaller than a
pre-defined threshold value; or is lower than K percent of one or more parameter values; or is
within a pre-defined range of values that is pre-defined as “sufficiently similar” (e.g., if a
parameter value in Scheme A is 15, then the range of 13 to 17 may be pre-defined as a range
of “sufficiently similar” or “sufficiently matching” values to declare sufficient similarity of the
value of Scheme A to a currently-measured or currently-estimated parameter of a fresh or new
scenario). Other methods may be used for determining whether or not a fresh transmission
scenario is sufficiently similar to a pre-computed scheme or bonded transmission.

[0082] In some embodiments, the transitions from one stable scheme of bonded
transmission or packet distribution to another, are also quantified, parameterized, stored and/or
indexed. For example, a transition from one particular combination of bonded transmission,
such as with a particular type of video quality (resolution, Frames Per Second (FPS), quantifier,
encoder output, scenery type, resolution, or the like) with total bandwidth or throughput or
goodput of G1 mpbs, and/or other transmission / link parameters (e.g., indicating latency,
delay, dropped or lost packets, or the like). Later, when the conditions change to an actual total
bandwidth or throughput or good put of G2 Mbps and/or other transmission / link parameters
(e.g., indicating latency, delay, dropped or lost packets, or the like), the bonded transmission
scheme is selectively switched or changed to a different particular stable bonded split or bonded
transmission scheme or bonded transmission packet distribution scheme, and this stable bonded
transmission with its typified or current parameters and/or the actual split scheme of the packets
are stored and indexed. In this way, when another mathematically close-enough of sufficiently-
matching bonded transmission over mathematically close enough (or sufficiently matching)
conditions, changes to a mathematically close-enough (or sufficiently matching) conditions of
the second bonded transmission (to which the first was stably switched), then the bonding
parameters, and/or actual split scheme of packets, may be used for that fresh transmission
without the need to perform trials and error till a new stable bonded transmission is found for
this content.

[0083] In some embodiments pre-processing is done in real time or in near-real-time, or
immediately prior to the actual transmission of the video content (or other content) to the end-
user device(s); or even in parallel with such transmission, for example, such that while the first
20 seconds of video are being transmitted, the next 10 seconds of the video are prepared or pre-
processed for their transmission.

[0084] In some embodiments, optionally the system may utilize a “default” or a “fall-over”

packet-distribution scheme or bonded transmission scheme, which may be used “blindly” by
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the system in case that an urgent transmission is required without dedicating any resources or
computing power or time for any initial pre-processing; and such “default” scheme may be
used for a short period of time (e.g., to transmit the first 1 or 5 or 15 seconds of the video), and
in parallel real-time pre-processing may be performed for the subsequent or next portions of
the video.

[0085] In some embodiments, optionally, the encoding of the video to be transmitted can
be done using SVC (Scalable Video Coding) mechanisms, which create a “base” layer at low
video quality which requires low bandwidth for transmission (or low bitrate), and then more
layers are prepared and/or encoded adding audio / video quality and requiring additional
bandwidth for transmission (or higher bitrate). Some implementations may utilize video
encoding methods, such as H.264 SVC or HEVC H.265, and/or others, for this purpose.
Optionally, a prepared data-slice or streamlet or data-segement can contain both lower bitrate
encoded packets and higher bitrate encoded packets (e.g., from the higher layers of the multi-
layer encoding scheme). Alternatively, several data-slices may be generated or “packed” or
aggregated for the same number of frames, or duration of video, where some data-slices or
data-segments contain lower or even the base encoded packets, whereas other data-slice(s)
contain higher quality video packets from the higher encoded layers of such multi-layer video
encoding scheme.

[0086] When transmitting, the lower quality base data-slice may be transmitted using the
more rugged connection or link or modem or transceiver (e.g., more teliable, less error rate,
less jittery behavior in any or all of the performance parameters, or any other method to
describe or predict such reliability or performance) at that point in time; and the other data
slice, or data slices, may be transmitted on or via the other link(s) or connection(s) or modem(s)
or transceiver(s). If the additional data-slice(s) is or are of larger volume, or require additional
bandwidth, then part of it or part of them may be transmitted over or via the communication
link (or modem, or transceiver) that is currently used for the lower, base quality, data slice of
that video. At the next moment, due to the potential fluctuations in the performance of each
link, the split of each slice between the links (e.g., the particular distribution of packets that are
intended for transmission for each such data-slice, among the available links and/or modems
and/or transceivers) may change adaptively and/or selectively by the processor, to match the
current or actual or estimated performance of each one of the links (or modems, or transceivers)
and/or their total current or actual or estimated performance.

[0087] In some embodiments, the base-quality video slices may be transmitted on or via

the more reliable communication link(s) (or modems, or transceiver(s)) continuously or
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generally continuously, even when the higher level encoding or the higher quality layer(s) of
encoded data for that point (or portion, or segment) in the video stream are still not transmitted,
up to a point in time in the video stream where the available bandwidth of the other
communication links and of this link is expected to allow timely arrival and/or reliable arrival
of sufficient number of higher layer slices or video packets, so that there is no buffering or
other issues with the user experience viewing at the receiving end-node or recipient device.
[0088] In some embodiments, the base-quality or the base video slices are prepared and
stored once. The higher layer, or higher-quality, additional bandwidth consuming data slices
are encoded per desired bandwidth, or per desired bitrate, and are also stored. The result is that
a single base layer slice may be combined with any of multiplicity of higher layers encoded at
different bit rates, with no need to store the same base layer again and again for each one of
them.

[0089] In some embodiments, the video encoding or other data stream delivery operations
is not necessarily done using SVC methods or encoding schemes. For example, it may be done
using H.264 or HEVC H.265 or other suitable schemes, with no separate and/or distinct multi-
layers exposed to the transport layer (e.g., outside of the encoder-decoder level). In such a case,
there is no distinct base layer. However, in accordance with the present invention, even though
distinct layers of encoded video are not necessarily used, there may still be (identified, defined)
more important (or less important) audio packets or video packets. For example, audio packets
may be assigned higher priority in order to maintain audio fluency. Additionally or
alternatively, [-Frames of the H.264 encoded video may also be assigned higher priority or
higher importance in order to reliably re-build or re-construct the image once there are failures
in in transmission (e.g., dropped or missing packets). Other types of packets or information
may be selectively assigned low priority, or high priority, out of a pre-defined scale or list of
several levels of priority. In such cases, there may be applied a similar data-slice structuring
mechanism of more important packets (or high priority packets) put together or grouped in the
same data-slice and/or decision and splitting mechanism of transmitting the more important
packets (or the higher priority packets) or slices on the more reliable connection(s). Optionally,
the prioritization of packets or sets-of-packets, the assigning of priority levels to packets or to
batches-of-packets, the enforcing of priorities with regard to encoding and/or transmission,
and/or other priority-related management operations or decisions, may be performed by the
Multi-Link Bonding Pre-Processor 146 or by a dedicated module thereof, such as a

Prioritization Assignment and Enforcement Unit 147.
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[0090] In some embodiments, some or all of the very important or more important or higher
priority packets may be pre-prepared for transmission with regard to (or corresponding to) any
desired or suitable number of frames or video frames. For example, a video stream may be
encoded once in a way that creates an I-Frame for every K frames of video, or for every T
milliseconds, and the I-Frames may be stored separately. Then, other or additional or
subsequent encoding of the same video stream may be done with more spaced-apart I-Frames
(e.g., for every 2K frames of video, or for every 3T milliseconds), and such spaced-apart I-
Frames may also be stored separately. Then, during the transmission of that video, if it is
reported or estimated or sensed that the recipient may have problems with the video reception
and/or the video playback, such as video artifacts, an I-Frame for that video segment and/or
video part can be immediately transmitted to that recipient to allow quicker recovery of the
video experience, by utilizing the previously-encoded or pre-prepared I-Frame. The subsequent
frames may be used from the previously prepared stream of other encoding with the more
spaced apart I-Frames.

[0091] Alternatively or additionally, at that point in time, or at a later point in time, video
encoding resources may be applied or deployed momentarily to create in real time encoded
data-slices, or packets, of that and only that particular segment in the video, and are transmitted
to that recipient or to those recipients. This way, the pre-processing of the video may be done
generically, serving many use cases and various transmission performance situations, and when
transmission failures (or delays, or imperfections) occur that cannot be sufficiently recovered
using the existing pre-prepared encoded data-slices or packets, then a new data-slice and/or
encoding is created on the spot or ad hoc for immediate transmission.

[0092] At the video-segment end, or later when the performance of a sufficient number of
the communication links is deemed sufficiently stable and matching the characteristics of the
exiting pre-prepared encoded segment, the real time encoding may terminate and the pre-
processed data-slices, or packets, may be used again for the transmission of subsequent
portion(s) of the video stream and for the packet split or packet distribution over the multiplicity
of communication links.

[0093] The packets, or data-slices, that were thus created in real time for any segment of
the video stream in order to address a momentary failure or delay or imperfection, may
optionally be stored at the transmitting entity or in a repository associated with it or in another
suitable repository, for later or subsequent use; so that when another end-node or recipient
encounters a similar need, even if not necessarily while transmitting at exactly the same

bandwidth available on each communication link but rather for example, approximately similar
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(e.g., sufficiently similar, beyond a pre-defined similarity threshold value), then the system
determines or decides to use that stored segment rather than generate a new one by encoding
in real time with different encoding parameters, and that previously-prepared segment (which
may be referred to as a “corrective segment” or a “corrective video segment”) is thus selected
and re-used and is transmitted over the multiplicity of communication links.

[0094] It is noted that the current or fresh split or distribution of packets between or among
the multiple communication links (or modems, or transceivers), may be completely or partially
different relative to that of the previous split or packet distribution, depending for example on
the current actual or estimated performance characteristics of each communication link and of
the communication links that were used in the previous streaming attempt (which resulted in
an imperfect reception or imperfect playback of the video). Optionally, the communication
links themselves may use or may be the same or completely different carrier(s), or operator(s),
or communication network(s), or technology or technologies, between the previous
transmission session and the current one. Optionally, even the number of the communication
links that are utilized, may differ between the previous transmission session or sessions and the
current one. For example, in one previous session there may have been 2 communication links
used in parallel for bonded transmission, in another previous session there may have been 3
communication links used in parallel for bonded transmission, and in the current session 7
communication links may be used in parallel for the bonded transmission.

[0095] All of these transmission sessions may be summed, for example, at more or less (or
generally) the same total bit rate, or bandwidth, or any combination of performance parameters
(bandwidth, goodput, throughput, error rate, loss rate, latency, delay, jittery behavior, etc.). For
example, the 2 links session may have occurred in mid-town Manhattan at rush hour, the 3
links session may have also occurred in midtown Manhattan at a different time of day and/or
using other carriers or even the same carrier, whereas and the third transmission session that
utilizes the 7 communication links may have occurred in a different region or city o state or
country where the available bandwidth or performance of each link or cellular link is much
lower, or at a more congested time of the day, or when environmental conditions or weather
conditions interfere with transmissions, etc.

[0096] In some embodiments, multicasting or broadcasting may be done of (or with, or by
using) the pre-processed media elements or sub-streams or packets or data-slices or streamlets,
on at least one of the available connections or communication links or modems or transceivers.
Optionally, on one or more of the connections, multicasting, or broadcasting, or unicasting for

each connection, may be done by using the pre-processed media elements or sub-streams or
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packets or data-slices or streamlets. For example, a home router may be connected to a cable
connection as well as to a cellular modem, and may support bonding or de-bonding, of the two
(or more) packets that are sub-streamed and sent to it. In this example, the pre-prepared packets
of a media content or a live video or VoD segment, that had previously been identified and
processed and prepared for streaming over a fixed (and generally-stable) access connection
(whose performance characteristics do not change significantly over time, or, change by no
more than N percent upward or downward over time relative to a baseline value), can be
streamed in multicast to several recipients such as several fixed access routers or modems or
premises or any other ID or recipient, that all have more or less (or generally) the same
generally-fixed or generally-unchanging connection(s) performance characteristics between or
among them and with the performance level for which the media packets sub-stream had been
prepared. The rest of the packets may be then transmitted to each end device or router or
recipient, for example, over a cellular connection separately, at the same media quality and
service level or at different ones, because each such cellular connection to an end device or
recipient may differ in its momentary performance relative to itself (e.g., relative to its own
performance T seconds earlier) and/or between or among them (e.g., relative to the current or
previous performance of another modem or transceiver). Such multicasting, for example, may
save on bandwidth utilization, transmission costs, reception costs, power consumption of
network elements servicing the multiple end devices or recipients, other associated costs, or
the like, without deterioration or impact on the quality of the video at the end device or the
viewing experience.

[0097] Data collected from the transmitting and/or receiving devices, or from or about at
least one operator’s network or specific segments of it, such as a specific BTS or tower or
access network element or core network element, or information that is pre-known about the
at least one network or connection {(e.g., a pre-known information that a particular network is
a 4G-LTE network, or is a 3G network), may be stored for example associated with the
performance characteristics that are sensed or measured or estimated for each communication
link, and/or may be used in deciding which permutation of combinations of links and/or
modems and/or transceivers and/or of data-slices to use in accordance with (or based on) their
individual and/or aggregate performance characteristics, and/or may be used to switch between
or among such permutations or combinations at specific times or time-points or time-slots or
geographic locations, for example in accordance with predicted or actual or estimated

performance of at least one specific link or connection or modem or transceiver or network.
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[0098] Quality of Service (QoS) and/or Quality of Experience (QoE) and/or device-related
data and/or viewing data and/or video playback data, and/or other performance data or
measurements about the actual or estimated or predicted viewing experience, may be collected
from the transmitting and/or receiving devices or entities, and/or from the at least one network
element or operator or segment of the network, and/or may be computed or estimated based on
such collected or monitored data; and may be stored, for example associated with one or more
specific split combination scheme(s) or packet distribution scheme(s). The QoS / QoE data
may be collected and/or analyzed by the Multi-Link Bonding Pre-Processor 146, or by the
Processor 133, or by a dedicated unit or module of the Device 110 (or of system 100) such as
a QoS / QoE Data Collector & Analyzer 148.

[0099] Such QoS / QoE data and other parameters may also include, for example,
quantification of the viewed video quality such as resolution, FPS, missed packets, dropped
packets, missing packets, lost packets, erroneous packets, delayed packets, the data about the
delayed packets such as the actual delay or latency or jitter of it, the related statistics such as
binned or grouped summary of such performance (e.g., across a time period of T seconds, or
across N video frames, or the like), the delay of packets in arriving at the receiving-side video
player (e.g., specific data, and/or aggregated statistics computed based on the data),
measurements or quantified data about receiving-side video-player buffering such as the
duration of each buffering event and/or the number of buffering events and/or the frequency
of buffering events, data about the viewed video quality such as pixelization or artifacts data,
including quantified data such as the duration and/or the size of the at least one artifact, the
area of the screen affected by it or by multiple artifacts, as well as data about the viewing
player itself, about the device such as screen size or screen resolution or Operating System type
and version or codecs installed on the end-user device or codecs supported by the end-user
device or other data, the geo-location information or location-based data about the end-user
device, the time of commencement and/or termination of video reception and/or video
playback, the moving speed and/or acceleration and/or deceleration and/or spatial orientation
of the end-user device, the radio or networking parameters of at least one of the communication
links or connections such as its Received Signal Strength Indicator (RSSI) or Ec/lo or Tx power
or Signal to Noise Ratio (SNR) or other momentary or short-term or long-term or more
permanent measurements and/or behavior characteristics and/or performance characteristics.
[00100]  Such collected, computed and/or estimated data may be used for various purposes
by the system of the present invention, for example, to decide or to determine or to select

whether to recommend or initiate a new video encoding scheme / output and/or a new packet
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splitting combination or a new packet distribution scheme across multiple links or modems or
transceivers. For example, such data may be collected and analyzed, leading to an automatic
or autonomous determination of the system (or the transmitting entity, or the pre-processing
unit, or other suitable server or module), to initiate a new video encoding scheme for example
at High Definition (HD) quality rather than the previously available Ultra High Definition
(UHD) quality, or to initiate a new video encoding scheme at UHD at even a higher bandwidth
or bitrate than previously prepared in order to reflect that (or in view of) higher available
bandwidth (or goodput, or throughput) rather than a previously-observed or previously-
estimated lower available bandwidth on (or via, or though) the multiplicity of communication
links (or modems, or transceivers) that are associated with the measured or monitored device
QoS and therefore such additional video encoding versions can be prepared and made available
to later or subsequent or other viewers with sufficiently similar communication links
characteristics or with a sufficiently similar set of links, at that (or in a sufficiently-similar, or
nearby, or corresponding) geo-location or time, or at other location or time.

[00101] In another example, the collected and/or analyzed data may be used to initiate a
new automatic determination to utilize a particular combination of the split packets of the same
video encoding that was already done, by which more or increased bandwidth is put on (or is
allocated to) link L1 of operator O1, and less or reduced bandwidth is put on (or is allocated
to) link L2 of operator O2, either at that location and/or time, or in general or in a range or a
group of locations and/or times that are in correlation to (or, that are sufficiently similar to)
these that are associated with the measured one(s), and/or to specific devices or video players
that are same or sufficiently similar to the one associated with the measured parameters.
[00102] In some embodiments, the collected, computed and/or estimated data may be
utilized for classification purposes; for example, to classify the current and/or actual and/or
measured and/or estimated and/or predicted performance characteristics, of one or more links
and/or modems and/or transmitters and/or transceivers and/or data delivery units, into a
particular class of performance characteristics of a particular Packet Distribution Scheme, for
example into the class of the Packet Distribution Scheme that is the closest or the most similar
(e.g., based on sufficient similarity threshold(s), extrapolation, interpolation, or other
mathematical function) to the sensed or predicted or estimated data. For example, a
performance classifier module or unit may operate to classify the sensed or estimated or
predicted performance characteristics, into one of the following three classes or groups that are
respective to three different Packet Distribution Schemes: (i) a first performance class of

approximately 1.0 to 1.5 Mbps in aggregate that is based on one Wi-Fi link and one Cellular
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3G link; or (ii) a second performance class of approximately 2.6 to 3.9 Mbps in aggregate that
is based on one one Wi-Fi link and one Cellular 4G-LTE link; or (iii) a third performance class
of approximately 4.0 Mbps to 12.0 Mbps that is based on at least one xDSL link and at least
one Wi-Fi link. In some embodiments, the classification into such a class may be sufficient in
order to trigger the selection, and the applying or the deployment or the activation, of the Packet
Distribution Scheme that is pre-defined or pre-stored as associated with such class of
performance.

[00103] In some embodiments, such classification, or selection of other Packet Distribution
Scheme(s), may be generated in advance and/or may be applied or deployed for a specific time
window or slice or for a particular time-slot or for a particular video-segment or video-version;
for example, for a particular two-seconds slice of data, or for a three-minute time-window, or
for a particular version of portion of a version of encoded video, or the like. In previous or
subsequent time window(s) or slices, different classifications or Schemes may be generated
and/or used and/or selected and/or applied. In some time-windows or slices, no classification
or Scheme may be or needs to be generated; for example, if no such consistent performance is
found suitable or adequate or sufficiently matching. In some embodiments, classifications or
Schemes may be further tuned or fine-tuned or modified or otherwise configured or adjusted,
or their similarity thresholds or similarity functions may be fine-tuned or modified or
configured or adjusted, for example, if the measured (or estimated, or sensed, or monitored, or
predicted) performance of one or more of the communication links (or modems, or data
transmitters), is more closely or tightly detected or has metrics that are more accurately similar
to pre-defined metrics, or alternatively if the performance characteristics are more loosely
similar to pre-defined metrics (e.g., measurements results which less resemble the previous
pre-stored ones or the pre-stored threshold values or ranges).

[00104] In some embodiments, the selection or determination or modification of video
encoding scheme or output and/or combination or permutation of multiple communication
links (or modems, or transceivers) and the loading or the load in packets on each one, may be
deduced from or may be based on at least one viewing device (or at least one recipient device)
according to similarity, or anticipated similarity, or the sufficient similarity, between that
measured or monitored device and others.

[00105] For example, the video viewing experience over a multiplicity of links and the
behavior of at least one of these communication links (such as of cellular link or operator L1
in downtown Manhattan at certain date and time), may be used to deduce the expected

performance at other locations in the same general area of downtown Manhattan at that date
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and time (or, within T seconds or M minutes subsequent to that time; and/or, within a distance
of up to K meters relative to that geo-locations), or in other geo-locations such as in foreseen
similar locations in downtown Chicago, or may be deduced for other times in the same
measured location expecting it to be less congested and more available even on that
communication link L1, and/or may even deduce the factor or absolute performance values or
performance characteristics (e.g., bandwidth, goodput, throughput, delay, latency, error rate,
jittery behavior, RSSI, Ec/lo or Tx power, etc.) to which that link is predicted to go or to change
in other times.

[00106] For example, it may be deduced or estimated or predicted, that while at the
measured period of time, buffering events have actually happened N times over T1 period,
with buffering occurrence 1 occurring for S1 seconds, then buffering occurrence 2 occurring
after an I1 time interval and lasting for S2 seconds, and so on, on the specific combination of
bonded or aggregated transmission links, with a particular type or quality of video encoding
output and with a particular distribution or split of packets on or across multiple links; and then,
it is expected by the system that if more packets, such as P1 more packets, will have been
transmitted on other communication links such as L2 and/or L3 associated with the same
operator Ol of the link L1 or with at least one different cellular operator O2 or O3, still
maintaining the same video encoding quality, then all buffering occurrences are expected to
be eliminated, or that buffering events are expected to reduce in their number and/or in their
frequency and/or in their length of time. In that case, data about this new splitting or packet
distribution permutation or combination across multiple communication links or modems or
transceivers, may be stored in the database, associated with the relevant multiple links,
operators, location, speed, video performance, date and time, etc. When another viewer at any
time connects to the system and wants to watch the same video, the new permutation or video
encoding output may be used and the video may be transmitted to him accordingly and also
according to the relevant other parameters associated with this viewer.

[00107] In other embodiments, a new packet distribution scheme or split may be done in
real time or in near-real-time, and the system may automatically and/or autonomously switch
from a previously used or previously stored video encoding version to this new permutation or
video encoding output in real time or in near-real-time (e.g., within T milliseconds). It may
dynamically and autonomously return to the stored video encoding output and splitting or
packet distribution scheme according to the changing video quality parameters, the measured

performance characteristics (e.g., taking into account networking parameters and/or video
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application parameters such as the bandwidth or goodput of the transmitted packets over it or
the latency etc.).

[00108] In other embodiments, the measured or deduced or actual or estimated or predicted
video viewing (or playback, or consumption) quality or experience parameters, and/or the
performance characteristics of at least one of the communication links or modems or
transceivers that used or that are considered as candidates to be used (e.g., including for
example the network related parameters in Phy or MAC such as RSSI or Ec/lo etc., and/or
application layer parameters such as the goodput or bandwidth or delay or error rate or jittery
behavior etc.), may be collected and analyzed and used in order to pre-process and/or pre-
prepare other video streams.

[00109] For example, if it is identified or detected that a specific video quality or packets
splitting combination provides a particular quality of experience, in a specific geo-location and
date and time or in general, then the same packet distribution ratio between or among the
multiple links or the operators, or the absolute packets split transmission (such as bandwidth
or latency on each of the links or each of the operators), may be used or re-used to approximate,
predict, estimate and/or create new permutations or combinations for transmission of the same
video or of other (e.g., similar or sufficiently similar) video streams.

[00110] In this manner, pre-processing or real time processing may be done according to
previous measurements in similar conditions. Over time, changes may occur as the analytics
processor receives and analyzes new data and measurements that may better reflect changes in
the networks or links or operators, or more accurate ones or about more transmissions that can
be added to the learning analytics, thereby improving the results of the decision-making
process. In some embodiments, optionally, conclusion or assumption or deducing about other
strecams or other video encoding or other permutations or combinations of multiple
communication links, may be extrapolated or estimated or predicted from or base on the
measurements or calculated data, and/or may be implemented directly with regard to such other
video streams.

[00111] In some embodiments, the measurements or the analysis or the classification or the
extrapolation may be used for other bonding services, such as data transmission and even bi-
directional data transfer. Once the parameters are associated with a certain measured or
estimated or predicted QoS or QoE or actual performance of the application layer, even for
live or real-time video transmission, then these parameters may be also used to deduce or
forecast or predict or estimate bonded transmission of non video data to that device over the

multiplicity of communication links or modems or transceivers or operators, using similar
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ratios between or among links or operators and/or using the actual absolute performance of
cach of at least one of the links or operators; and by calculating form that information the
absolute or relative number or type of packets to be transmitted over each similar link or over
a multiplicity of communication links, even if the transmitted data is not necessarily live video
and/or is not necessarily video at all (e.g., audio data; file data; rich media data; other types of
data). Then, the ratios or absolute value of at least one such communication link can be used to
calculate the load in the other direction, from the device uplink or upwardly or upstream to the
infrastructure or to the public Internet, using a predefined or learnt or assumed or estimated
ratio between the two directions, either in general or for specific cases such as based on the
location, technology, date and time, etc.

[00112]  In some embodiments, the permutations or combinations of splitting or distributing
the data-slices, or packets, or encoded video stream over multiplicity of communication links
or transceivers or modems, with regard to the pre-prepared permutations and/or any
permutation prepared later and even in real time as a response to specific new conditions or
performance combination that require such new permutation not yet existing in the stored
library of split permutations for this video stream, may be considered and/or may be re-
evaluated at each point in time or at pre-defined time intervals (e.g., every T seconds),
according to the momentary or current or actual conditions and performance characteristics of
each one of the links and/or their total or aggregated performance characteristics.

[00113] The system may dynamically perform re-arrangement, modified usage, utilization
of a different application, and/or changed utilization of the permutation, even without re-
encoding of the entire vide or of portion(s) of the video or content intended for transmission.
For example, if a previous video encoding was prepared for utilization with an anticipated rate
of 4 Mbps bitrate, and a permutation of splitting or distributing its packets over 4
communication links was prepared, and now there are only 2 communication links available
for a specific session or for transmission to a specific end-node or recipient, yet the total
bandwidth of the 2 communication links is known or is measured or is estimated or is predicted
to be 4.5 Mbps, and the overall behavior and performance of each of the two communication
links and their aggregated total is sufficiently stable or generally fixed or generally non-
changing and allows transmission at 4 Mbps, then the previous permutation or combination of
links and/or the previously-prepared encoded-video version may be used. The runtime / real
time processing module may take packets or data-slices pre-prepared to be transmitted over
two of the 4 communication links, and transmit them over one of the currently available two

communication links, and the other previously prepared packets that were allocated for
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transmission over or via the other 2 links are transmit over the second link out of the currently
available two communication links.

[00114] In the above example, selecting which two ones of the previous 4 communication
links to utilize and to combine and map into which link of the current two available links, may
be done arbitrarily or pseudo-randomly, or may be performed in accordance with the priority
and importance of the previously prepared packets or data-slices, the current performance
characteristics of each one of the communication links and/or their combined performance
characteristics, the performance of each of the previously prepared links, and/or based on a
pre-defined priority order or prioritization scheme or pre-defined list (for example, defining
that utilizing a fiber-optic link has priority or preference over utilizing an xDSL link, which in
turn has priority over utilizing a Wi-Fi link, which in turn has priority over using a cellular 4G-
LTE link, which in turn has priority over utilizing a cellular 3G link, or the like).

[00115] For example, the split or packet distribution is done in respect, or in proper ratio, to
the current performance of each of the two available or chosen communication links, and/or to
the cost of transmission of each of the links, and/or other decision criteria. The previously
prepared permutation of distribution or split of the data stream or its packets, or the continuous
video stream, between or among any number of links or modems or transceivers, can be later
modified, in real time or in near real time, automatically and/or autonomously by the system,
even without re-encoding the video or portions thereof, to a new or different number of
communication links that are available and/or that are useful momentarily or continuously for
the whole session or stream duration or for a particular time-period, by combining or further
splitting traffic or data or streams or data-slices or packets that were previously prepared for
the first number of links connections, to accommodate transmission via the second number of
links connections. This may be done arbitrarily, or in correlation to the performance of each of
the links, or in correlation to the priority of the packets or slices, in accordance with the above-
mentioned prioritization scheme or other priority schemes, or the like.

[00116] In other embodiments, if the permutation or combination was done for a smaller
number of communication links than those that are currently available, momentarily or for the
whole duration of the session of video streaming, then the already existing permutation of how
the data-slices or packets are split or distributed between or among the fewer communication
links may optionally be used as is, utilizing the same number of communication links as it was
prepared for; whereas the other available communication links may be used to increase the
reliability of the delivery and/or to enhance the end-node user’s experience, for example by

transmitting over them partial or whole duplication of any of the data-slices or of the packets
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within any of the data-slices, and/or by transmitting Forward Error Correction (FEC) signals
or messages or packets for them, or for exchanging control messages and/or QoS information.
Alternatively, the additional communication links may be intentionally left unused, for
example, to conserve power and/or costs, and/or to keep them available for other purposes or
to carry other content. Alternatively, the available communication links may be used and
combined in a dynamic combination, for example to not continuously load any of the specific
links, to reduce costs associated with any of the links, to move from one link to another link
that exhibits better performance once such becomes available, to accommodate predicted
changes in the QoS / QoE associated with each used link or not-yet-used link, or the like.
Alternatively, the previously prepared permutation for the fewer communication links may be
split or distributed in real time according to the number of currently available communication
links; for example, if it was previously prepared for utilization with 2 communication links,
and momentarily or continuously there are 4 available communication links each exhibiting
sufficient or good enough performance to carry corresponding parts or packets or data-slices,
then the traffic or packets that were previously prepared for transmission over one or more of
the previous link(s) can now be split or distributed between or across two or more of the links
that are currently available. This dynamic split or re-distribution of packets or data-slices may
be done arbitrarily, or pseudo-randomly, or in correlation to the performance of each of the
links, or in correlation to the priority of the packets or data-slices, or in accordance with the
above-mentioned prioritization scheme or other criteria.

[00117] The permutations, and/or multi-bitrate encoded packets or data-slices, can be stored
in ways that allow quick and efficient storage and/or search and/or retrieval. For example, some
permutations and stored video streams are not stored near areas at which it is less reasonable
or less probable that they would be relevant for, according to pre-known data or historical data
being gathered and analyzed and/or based on usage patterns of existing or new permutations
or predictions. New permutations in a certain area may be stored so that they are retrieved
quicker. Permutations metadata and their respective encoded data streams and packets may be
stored and retrieved in correlation to the end-node device or recipient device (such as model
X, Operating System type Y and version Z, screen size N, etc.), or in correlation to the used
communication links (such as, cellular operator O1, cellular technology T1, time of day, geo-
location), etc.

[00118] Optionally, old, or unused, or least-used, or irrelevant permutations metadata and
their packets may be periodically discarded or deleted or purged or archived to save storage

space and/or to expedite the decision-making process when selecting from a list of
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permutations. Alternatively, only the data stream or data-slices or packets may be discarded of
or deleted, whereas the permutation metadata itself may be still stored and maintained, as it
may require less storage space relative to the video content itself. Such metadata can then be
used in case that re-encoding of this video is needed, or any other video or data into more or
less same or generally similar bandwidth and using more or less the same or generally similar
number of available links and/or characteristics of the performing or used links. Such data can
be used as a “recipe”, or close-enough or sufficiently-useful optimization, of such future
encoding, splitting, packet distribution, and/or transmission, even of data streams or video
streams that are different from the original data stream or video stream.

[00119] In some embodiments, some of this data or these packets, or sub-streams or
streamlets, or all of them, may be stored near or at the edge (e.g., of a cellular network, or of a
fiber network, or the like); for example, on a headend or a storage associated with a head-end
network device that serves tens or hundreds or thousands of end-homes of premises. In such
cases, the delivery time of the specific sub-stream(s) may be even shorter, allowing less or
lower buffering in the de-bonding processor (or the re-assembly engine) at the end device or at
the recipient access router, and/or may require less packets being transmitted within the core
network. Still, when this is only part of the media or the video, a sub-stream that had been pre-
prepared and cannot be viewed adequately without the other missing packets or sub-streams
that are delivered over the other connection and paths, such as a cellular path, then viewing
permission and control may be made possible without further strong security or DRM (Digital
Rights Management) keys and authorization at the end device side. Only when the other
packets, or sub-streams, are delivered to each of the end devices, even if the other part is multi-
casted or broadcasted to all of them, then viewing may be possible at that specific end device.
[00120] In some embodiments, the permutations respective data streamlets or data-slices or
packets that are prepared can be stored in a distributed way. For example, some data-slices, or
streams of data-slices, can be stored at or near the edge of the network, and/or on a cellular
operator’s cloud computing repository, etc. Other or the same data-slices or streams can be
stored elsewhere, on another cellular or Wi-Fi operator’s network resources. In this case, the
bonding server may instruct in real time which packets or data-slices to stream at each point
by each operator, without the need to necessarily deliver all the packets that correspond to that
video from once single or central repository, where they were generated and/or stored, to each
operator, or to do so again and again as more end-nodes or users want to receive the same data
or video stream. This architecture may save network infrastructure resources, may save CDN

resources, may reduce error rates, may reduce costs, and may increases efficiency and response
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time, may increase stability and service reliability, and/or may improve QoS / QoE, while the
bonding analysis or the resulting classification or extrapolations may still be done in or at or
by a single / central location (or by a few such central nodes), which may be outside and/or
independent of each operator’s infrastructure, ownership and other resources.

[00121] In other embodiments, the video or data streams may be prepared in advance by
encoding it, such as in multi-bitrates, but not necessarily by also splitting it to packets-slices or
data-slices or time-slices. The decision of how to split or distribute an encoded video-segment
to or across multiple connections / links / transmission paths, may be done in real time or in
near-real-time, for example taking into account the current or the momentarily-changing
performance characteristics of each available link, modem and/or transceiver. Then, the
encoded video packets are aggregated into data-slices or long(er) packets; optionally, this
aggregation stage may be done earlier, along with the data or video encoding. Then, the packets
or the aggregated batches of packets are split or distributed to the multiple available
communication links (or modems, or transceivers) at each point in time according to their
performance, cost, total performance, etc., and the distribution may be re-evaluated and
dynamically modified to accommodate changes in the actual performance of each such link,
connection, path, modem and/or transceiver.

[00122] In some embodiments, the processor may dynamically and autonomously switch
from the pre-recorded stored video encoding output and combination of multiple
communication links, to another combination of multiple links and/or to another video
encoding output. In some embodiments the new video encoding output and/or the new multi-
link permutation or combination, may be prepared or calculated in real time rather than be
taken from storage, such as in case the storage is not available, or if the new encoding output
or the new multi-link permutation are not already stored, or if the performance of the
transmission (based on the data obtained from the storage) to the viewing device is less relevant
or is inadequate or does not meet QoS / QoE threshold values. In some embodiments, the
processor may dynamically and autonomously switch back from real time processing to re-
utilization of a previously stored stream, for example if the measured performance fits or is
sufficiently similar to that of a previously-stored stream.

[00123]  Insome embodiments, the pre-processed video packets may be spread or distributed
between or among several different locations for storage. They can be distributed in full, i.e.,
distributing the whole set of packets of a video; or in part, distributing packets of only the

portions perceived or estimated or predicted to be transmitted over a specific modem or
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transceiver or link or network or operator (or, sometimes more than a single modem per
network or per operator; or, sometimes more than a single network per operator).

[00124] In some embodiments, optionally, advertisements or commercials or banners or
promotional content or sponsored content or other content may be added or inserted or injected
into the video during the processing and/or storage process, and such added content may also
be pre-processed to relevant video encoding quality or multiple qualities or video encoder
output or multiple outputs, and/or may be similarly split or distributed to or across multiple
permutations or combinations of links or modems or transceivers.

[00125] In some embodiments, such advertisement or additional content may be transmitted
to the end viewer in advance (e.g., prior to transmission of the actual video content), and/or
when there is enough spare bandwidth or sufficient available goodput or throughput over the
amount which is needed for the original video transmission. Then, optionally, this additional
content may be displayed or played when there are problems or imperfection with the
transmitted video and/or with its reception or playback, such as at times of buffering or
artifacts, or per instructions embedded in the main video or otherwise transferred to the player
or to the bonding software at the receiving side. In some embodiments, optionally, the system
may automatically and/or autonomously detect or determine, that a particular end-user device
is currently experiencing latency or delays or artifacts or buffering or lower-QoS or lower-QoE
or other reception imperfections or other playback imperfection, and may automatically and/or
autonomously operate (e.g., via a Promotional Content Injector / Initiator 149) to play-back or
to display on that end-user device such added content (e.g., an advertisement or sponsored
content) rather than the original video intended for consumption by the viewer, thereby
allowing the end-user device to receive and to accumulate and to buffer more video packets
that will enable smooth and better-QoS / better-QoE video playback once the added content
finishes its playback.

[00126] This additional content may optionally be processed or delivered in real time rather
than being pre-processed, for example according to each viewer’s preferences, or viewer types
or end-user device types, of types of display units, and/or momentary video quality or the
momentary performance of the transmission over at least one the multiplicity of the links and/or
based on decision regarding priorities in utilization of system resources. This video quality or
momentary performance may be provided by measurements done by the bonding circuitry, at
the receiving side or at the transmitting side or at both sides, and may be shared with local or
remote or external algorithms that handle the additional content selection, embedding and

transmission.

46



WO 2018/203336 PCT/IL2018/050484

[00127] During its delivery period, the content may be delivered using or by applying a
selected pre-processed Scheme, ratio-based or absolute-numbers-based, then may change to be
split or divided or distributed over the multiplicity of channels according to real time processing
by the bonding circuitry for example if the real time performance characteristics fall outside
the threshold value(s) for using the selected Scheme; and then again may use the same or a
different selected pre-stored Scheme, for example, if the conditions or the performance of the
links or the measured performances or goodput values are again estimated or measured to be
within a similarity threshold to that of such selected Scheme for a sufficiently stabilizing
duration; and so on, may change or may alternate between pre-processed (pre-stored,
previously-stored) Schemes and/or ad-hoc distribution based on real time performance
measurements.

[00128] Additional content may optionally include Augmented Reality (AR) type of
content, such as data or other media, that is to be embedded dynamically or statically over or
into other content or other video, e.g., optionally performed via pre-processing which inserts
or injects or adds such AR content or AR elements into the video intended to be transmitted.
[00129]  Such additional content may optionally be split in the transmission process over
some of the available and/or the transmitting communication links, according to their
performance and/or according to the needs in order to provide adequate QoS / QoE, and
optionally, may be displayed or played to the viewer only after it is fully or partially received,
resulting in arbitrary or semi arbitrary or not fully pre-defined location of the insertion of the
additional content in (or relative to the timeline of) the main content or the main video being
consumed. For example, sometimes such additional content may be inserted and played at a
first offset or time-point (e.g., at 74 seconds into the video), and sometimes such additional
content may be inserted and played only later at a different offset or time-point (e.g., at 135
seconds into the video).

[00130] Pre-processing the video stream and pre-splitting it to permutations to be
transmitted over the multiplicity of communication links, may allow embedding or joining
additional content at several different qualities, durations, or even different additional content-
items per each such permutation or combination of video quality and splitting permutation.
[00131]  Splitting permutations may be typified and mapped to ranges of conditions, and not
necessarily for a specific or particular condition (or not necessarily for a specific set of
parameters). Range of conditions may include, for example, a range of goodput or bandwidth
or throughput over a single communication link or over a multiplicity of communication links

combined or over all of the communication links combined; similarly, latency ranges or
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similarly of error rate ranges may be used, or similarly jittery behavior ranges may be used;
and similarly, a range of devices, or a range of devices parameters (such as screen size and
quality), may be used by utilizing range-values definitions. In a first example, a first particular
packet distribution scheme and/or a particular encoding quality of the video, may be used for
transmission to devices of the type “smartphone” that is made by maker “Samsung” and that
have a model identifier of “Galaxy” and that are subscribed to “Verizon Wireless” cellular
network; whereas, a second particular packet distribution scheme and/or a second particular
encoding quality of the video, may be used for all recipient devices that exhibit an average
latency of between O to 5 milliseconds, and/or that exhibit 3 or less buffering events within 5
minutes, and/or that exhibit more than 3% of dropped or missing or re-transmitted packets.
Other suitable criteria may be used to define and to apply such ranges-of-values of these and/or
other parameters.

[00132] The pre-processing may be done to selected parts or portions of the video rather
than to all of it, whereas the rest of the parts of the video may be processed in real time or in
near real time. Then, the transmission of the full video may take the pre-processed parts and
transmit them, and may use their parameters (such as video encoding output or quality and/or
the ratio or absolute values or packet numbers or data-slice sizes that are transmitted over at
least one of the participating links) to encode and transmit the non pre-processed parts in real
time or in near-real-time, or use a different set of parameters for each portion of the video for
the purpose of its encoding and/or transmission.

[00133] If the received video quality changes between video portions, such as due to
changes in the resolution, then the bonding module or re-assembly engine at the receiving side
or the video player may be configured to change its output in real time (or in near real time)
without exhibiting artifacts or black screens or breakage, according to one or more parameters
associated with the relevant frames in the video.

[00134] In some embodiments, optionally, pricing or costs of transmission and/or reception
and/or data storage and/or processing operations, may also be taken into account as part of the
decision which permutation or combination of communication links, and/or which packet
distribution scheme among such links, and/or which video encoding quality, to use in each
transmission or with regard to transport of the video to a particular user or to a particular group
of recipients (e.g., “smartphones” as a group of devices; “laptops connected to xDSL modem”
as a group of devices; “devices having a screen resolution of 1300 x 900 pixels or less” as a
group of devices; and so forth). For example, higher resolution or more communication links

may be used for transmitting the content to up to X viewers, simultaneously or in an aggregated
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manner, and from the X+1 user and onward a lower resolution or fewer communication links
or less expensive communication links may be used in order to reduce overall cost to the
operator of the service and/or in order to meet pricing constraints or budget constraints, or in
order to encourage “carly adopters” or the first viewers of the content with this higher quality
incentive, or for other reasons or to achieve other goals. Another cost related scheme may be,
for example, to transmit to at least one user at a higher bitrate and/or quality of encoding or by
using a particular permutation or combination of communication links, up to a particular
consumption measure or consumption mile-stone, and then to lower (or modify) the encoding
quality and/or the links combination and/or the packet distribution scheme; for example, to
transmit to a particular user the first 5 minutes of a video, at UHD resolution, over a
combination of 4G-LTE cellular communication link and a fixed-access xDSL wired
communication link; and then, after the first 5 minutes of video are transported and/or
consumed, to modify the video encoding quality (e.g., from UHD to HD, or from 1080p to
720p) and/or to modify the links combination (e.g,, from 4G-LTE and xDSL, to only xDSL),
and/or to modify the packet distribution scheme among the participating communication links
or communication paths (e.g., to change from a first packet allocation ratio of 1:3 over the 4G-
LTE link and the xDSL link, to a second packet distribution ratio of 1:5 over the 4G-LTE link
and the xDSL link). Other suitable modifications may be performed, to comply with pricing
or costs constraints, to provide various incentives to end-users, to implement a promotion or a
premium service or a discounted service, and/or to achieve other goals.

[00135] Some portions of the discussion may relate, for demonstrative purposes, to Device
110 as performing “transmitting” operations or as being a “transmitting” device; however,
Device 110 may not necessarily be implemented as a transmitting device, but rather, may be
implemented as other suitable type of device, for example, content delivery device, content
distribution device, content transport device, content relay device, content provider device, or
the like.

[00136] In accordance with embodiments of the present invention, calculations, operations
and/or determinations may be performed locally within a single device, or may be performed
by or across multiple devices, or may be performed partially locally and partially remotely
(e.g., at aremote server) by optionally utilizing a communication channel to exchange raw data
and/or processed data and/or processing results.

[00137]  Although portions of the discussion herein relate, for demonstrative purposes, to
wired links and/or wired communications, some embodiments are not limited in this regard,

but rather, may utilize wired communication and/or wireless communication; may include one
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or more wired and/or wireless links; may utilize one or more components of wired
communication and/or wireless communication; and/or may utilize one or more methods or
protocols or standards of wireless communication.

[00138] Some embodiments may be implemented by using a special-purpose machine or a
specific-purpose device that is not a generic computer, or by using a non-generic computer or
a non-general computer or machine. Such system or device may utilize or may comprise one
or more components or units or modules that are not part of a “generic computer” and that are
not part of a “general purpose computer”, for example, cellular transceivers, cellular
transmitter, cellular receiver, GPS unit, location-determining unit, accelerometer(s),
gyroscope(s), device-orientation detectors or sensors, device-positioning detectors or sensors,
or the like.

[00139] Some embodiments may be implemented as, or by utilizing, an automated method
or automated process, or a machine-implemented method or process, or as a semi-automated
or partially-automated method or process, or as a set of steps or operations which may be
executed or performed by a computer or machine or system or other device.

[00140] Some embodiments may be implemented by using code or program code or
machine-readable instructions or machine-readable code, which may be stored on a non-
transitory storage medium or non-transitory storage article (e.g., a CD-ROM, a DVD-ROM, a
physical memory unit, a physical storage unit), such that the program or code or instructions,
when executed by a processor or a machine or a computer, cause such processor or machine or
computer to perform a method or process as described herein. Such code or instructions may
be or may comprise, for example, one or more of: software, a software module, an application,
a program, a subroutine, instructions, an instruction set, computing code, words, values,
symbols, strings, variables, source code, compiled code, interpreted code, executable code,
static code, dynamic code; including (but not limited to) code or instructions in high-level
programming language, low-level programming language, object-oriented programming
language, visual programming language, compiled programming language, interpreted
programming language, C, C++, C#, Java, JavaScript, SQL, Ruby on Rails, Go, Cobol, Fortran,
ActionScript, AJAX, XML, JSON, Lisp, Eiffel, Verilog, Hardware Description Language
(HDL, BASIC, Visual BASIC, Matlab, Pascal, HTML, HTMLS, CSS, Perl, Python, PHP,
machine language, machine code, assembly language, or the like.

[00141] Discussions herein utilizing terms such as, for example, “processing”, “computing”,
“calculating”, “determining”, “establishing”, ‘“analyzing”, ‘“checking”, *detecting”,

“measuring”, or the like, may refer to operation(s) and/or process(es) of a processor, a
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computer, a computing platform, a computing system, or other electronic device or computing
device, that may automatically and/or autonomously manipulate and/or transform data
represented as physical (e.g., electronic) quantities within registers and/or accumulators and/or
memory units and/or storage units into other data or that may perform other suitable operations.
[00142] The terms “plurality” and “a plurality”, as used herein, include, for example,
“multiple” or “two or more”. For example, “a plurality of items” includes two or more items.
[00143] References to “one embodiment™, “an embodiment”, “demonstrative embodiment”,
“various embodiments”, “some embodiments”, and/or similar terms, may indicate that the
embodiment(s) so described may optionally include a particular feature, structure, or
characteristic, but not every embodiment necessarily includes the particular feature, structure,
or characteristic. Furthermore, repeated use of the phrase “in one embodiment” does not
necessarily refer to the same embodiment, although it may. Similarly, repeated use of the
phrase “in some embodiments” does not necessarily refer to the same set or group of
embodiments, although it may.

[00144]  As used herein, and unless otherwise specified, the utilization of ordinal adjectives
such as “first”, “second”, “third”, “fourth”, and so forth, to describe an item or an object, merely
indicates that different instances of such like items or objects are being referred to; and does
not intend to imply as if the items or objects so described must be in a particular given sequence,
cither temporally, spatially, in ranking, or in any other ordering manner.

[00145] Some embodiments may be used in, or in conjunction with, various devices and
systems, for example, a Personal Computer (PC), a desktop computer, a mobile computer, a
laptop computer, a notebook computer, a tablet computer, a server computer, a handheld
computer, a handheld device, a Personal Digital Assistant (PDA) device, a handheld PDA
device, a tablet, an on-board device, an off-board device, a hybrid device, a vehicular device,
a non-vehicular device, a mobile or portable device, a consumer device, a non-mobile or non-
portable device, an appliance, a wireless communication station, a wireless communication
device, a wireless Access Point (AP), a wired or wireless router or gateway or switch or hub, a
wired or wireless modem, a video device, an audio device, an audio-video (A/V) device, a
wired or wireless network, a wireless area network, a Wireless Video Area Network (WVAN),
a Local Area Network (LAN), a Wireless LAN (WLAN), a Personal Area Network (PAN), a
Wireless PAN (WPAN), or the like.

[00146] Some embodiments may be used in conjunction with one way and/or two-way radio
communication systems, cellular radio-telephone communication systems, a mobile phone, a

cellular telephone, a wireless telephone, a Personal Communication Systems (PCS) device, a

51



WO 2018/203336 PCT/IL2018/050484

PDA or handheld device which incorporates wireless communication capabilities, a mobile or
portable Global Positioning System (GPS) device, a device which incorporates a GPS receiver
or transceiver or chip, a device which incorporates an RFID element or chip, a Multiple Input
Multiple Output (MIMO) transceiver or device, a Single Input Multiple Output (SIMO)
transceiver or device, a Multiple Input Single Output (MISO) transceiver or device, a device
having one or more internal antennas and/or external antennas, Digital Video Broadcast (DVB)
devices or systems, multi-standard radio devices or systems, a wired or wireless handheld
device, e.g., a Smartphone, a Wireless Application Protocol (WAP) device, or the like.
[00147] Some embodiments may comprise, or may be implemented by using, an “app” or
application which may be downloaded or obtained from an “app store” or “applications store”,
for free or for a fee, or which may be pre-installed on a computing device or electronic device,
or which may be otherwise transported to and/or installed on such computing device or
electronic device.

[00148] Some embodiments include a method for delivering packets of a content from a
delivery device to a recipient device having a recipient Internet Protocol (IP) address, the
method comprising: inequitably distributing packets of said content, for delivery across two or
more data transmitters that transmit data to said recipient device over two or more respective,
different, communication links; wherein said distributing of said packets is performed by
selecting and applying a particular Packet Distribution Scheme out of a plurality of different
pre-stored Packet Distribution Schemes.

[00149] In some embodiments, selecting and applying said particular Packet Distribution
Scheme comprises: selecting and applying said particular Packet Distribution Scheme which
indicates at which ratio to distribute packets of said content, that are intended to be delivered
from said delivery device to said recipient device, across said two or more data transmitters.
[00150] In some embodiments, selecting and applying said particular Packet Distribution
Scheme comprise: selecting and applying said particular Packet Distribution Scheme which
indicates (i) that a first set of packets of said video content are to be delivered to said recipient
device via a first particular one-to-one communication link, and (ii) that a second, different, set
of packets of said video content are to be delivered to said recipient device via a second
particular one-to-one communication link.

[00151] In some embodiments, selecting and applying said particular Packet Distribution
Scheme comprise: selecting and applying said particular Packet Distribution Scheme which
indicates (i) that a first set of packets of said video content are to be delivered to said recipient

device at a first time-window via a first particular one-to-one communication link, and (ii) that
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a second, different, set of packets of said video content are to be delivered to said recipient
device at a second time-window via a second particular one-to-one communication link.
[00152] In some embodiments, selecting and applying said particular Packet Distribution
Scheme comprise: switching from (i) applying said particular Packet Distribution Scheme that
was selected from a plurality of pre-stored Packet Distribution Schemes, to (ii) applying an ad-
hoc Packet Distribution Scheme that is dynamically determined, based on actual momentary
performance characteristics of the two or more communication links.

[00153] In some embodiments, selecting and applying said particular Packet Distribution
Scheme comprise: switching from (i) applying said particular Packet Distribution Scheme that
was selected from a plurality of pre-stored Packet Distribution Schemes, to (ii) applying an ad-
hoc Packet Distribution Scheme that is dynamically determined, based on predicted momentary
performance characteristics of the two or more communication links.

[00154] In some embodiments, selecting and applying said particular Packet Distribution
Scheme comprise: at one or more time-points, determining actual momentary performance
characteristics of at least one of said two or more data transmitters; and selecting from said
plurality of different pre-stored Packet Distribution Schemes a particular Packet Distribution
Scheme which is sufficiently similar to said actual momentary performance characteristics.
[00155] In some embodiments, selecting and applying said particular Packet Distribution
Scheme comprise: at one or more time-points, estimating predicted momentary performance
characteristics of at least one of said two or more data transmitters; and selecting from said
plurality of different pre-stored Packet Distribution Schemes a particular Packet Distribution
Scheme which is sufficiently similar to said predicted momentary performance characteristics.
[00156] In some embodiments, selecting and applying said particular Packet Distribution
Scheme comprises: determining that a first data transmitter and a second data transmitter are
currently available for transmission of data to said recipient; and determining that a third data
transmitter is currently not sufficiently available for transmission of data to said recipient;
selecting from said plurality of different pre-stored Packet Distribution Schemes a particular
Packet Distribution Scheme which indicates distribution of packets only across said first data
transmitter and said second data transmitter and not across said third data transmitter.

[00157] In some embodiments, selecting and applying said particular Packet Distribution
Scheme comprise: determining that a first data transmitter and a second data transmitter are
currently providing a Quality of Service (QoS) which is equal to or greater than a QoS threshold
value; and determining that a third data transmitter is currently providing a QoS which is

smaller than said QoS threshold value; selecting from said plurality of different pre-stored
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Packet Distribution Schemes a particular Packet Distribution Scheme which indicates
distribution of packets only across said first data transmitter and said second data transmitter
and not across said third data transmitter.

[00158] In some embodiments, the method comprises: prior to transmission of said video
content to said recipient device, performing a pre-processing stage in which said video content
is encoded into two or more encoded-video versions, by utilizing two or more, respective,
encoding parameters; wherein said pre-processing stage further comprises: creating a record
that indicates that a first encoded-video version is to be utilized with a first particular Packet
Distribution Scheme, and that further indicates that a second encoded-video version is to be
utilized with a second particular Packet Distribution Scheme.

[00159] In some embodiments, selecting and applying said particular Packet Distribution
Scheme comprise: (a) determining that a particular content item is to be delivered to a first
recipient device via said particular Packet Distribution Scheme; (b) determining that said
particular content item is required to be delivered to a second recipient device; (c) determining
to deliver said particular content item to said second recipient device by using the same
particular Packet Distribution Scheme that was used in step (a) for delivering said particular
content item to said first recipient device.

[00160] In some embodiments, selecting and applying said particular Packet Distribution
Scheme comprise: (a) determining that a first content item is to be delivered to a first recipient
device via said particular Packet Distribution Scheme; (b) determining that a second content
item is required to be delivered to said first recipient device; (¢) determining to deliver said
second content item to said first recipient device by using the same particular Packet
Distribution Scheme that was used in step (a) for delivering said first content item to said first
recipient device.

[00161] In some embodiments, selecting and applying said particular Packet Distribution
Scheme comprise: (a) determining that a second content item is required to be delivered to a
second recipient device which has momentary performance characteristics that are sufficiently
similar to momentary performance characteristics of a first recipient device; (b) determining to
deliver said second content item to said second recipient device by using the same particular
Packet Distribution Scheme that was used for delivering said first content item to said first
recipient device.

[00162] In some embodiments, selecting and applying said particular Packet Distribution
Scheme comprise: applying said particular Packet Distribution Scheme which defines, in

absolute terms, quantity of data to be transmitted per time-interval via each data-transport
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channel to the recipient device. In some embodiments, selecting and applying said particular
Packet Distribution Scheme comprise: applying said particular Packet Distribution Scheme
which defines a ratio of quantities of packets that are to be delivered per time-interval via at
least one of the data-delivery connections to the recipient device.

[00163] In some embodiments, selecting and applying said particular Packet Distribution
Scheme comprise: (a) selecting a first set of communication links for transmitting a first content
item to a first recipient device; (b) selecting a second, different, set of communication links for
transmitting the first content item also to a second recipient device, based on an estimation that
the first and second recipient devices have sufficiently similar performance characteristics.
[00164] In some embodiments, wherein selecting and applying said particular Packet
Distribution Scheme comprise: (a) selecting a first set of communication links for transmitting
a first content item to a first recipient device; (b) subsequently, selecting a second, at least
partially different, set of communication links for transmitting the first content item also to a
second recipient device, based on an estimation that the first and second recipient devices are
associated with network conditions that have sufficiently similar performance characteristics.
[00165] In some embodiments, selecting and applying said particular Packet Distribution
Scheme comprise: (a) selecting a first set of communication links for transmitting a first content
item to a first recipient device; (b) subsequently, selecting a second, at least partially different,
set of communication links for transmitting the first content item also to a second recipient
device, based on an estimation that the first and second recipient devices are associated with
network conditions that have sufficiently similar Quality of Service (QoS) or Quality of
Experience (QoE) characteristics.

[00166] In some embodiments, selecting and applying said particular Packet Distribution
Scheme comprise: applying a new Packet Distribution Scheme, which approximates a pre-
stored Packet Distribution Scheme and which is not identical to said pre-stored Packet
Distribution Scheme, based on a sufficient similarity determined between (i) performance
characteristics of a current transmission and (ii) performance characteristics of a previous
transmission that utilized said pre-stored Packet Distribution Scheme.

[00167] In some embodiments, selecting and applying said particular Packet Distribution
Scheme comprise: selecting and applying said particular Packet Distribution Scheme that
indicates to deliver to said recipient device (i) some packets of the content via a cellular
communication link and (ii) some other packets of the content via a fixed non-cellular

communication link.
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[00168] In some embodiments, selecting and applying said particular Packet Distribution
Scheme comprise: selecting and applying said particular Packet Distribution Scheme that
indicates to deliver to said recipient device (i) some packets of the content via a cellular
communication link and (ii) some other packets of the content via a Wi-Fi communication link.
[00169] In some embodiments, selecting and applying said particular Packet Distribution
Scheme comprise: selecting and applying said particular Packet Distribution Scheme that
indicates to transmit to said recipient device (i) some packets of the content via a cellular
communication link and (ii) some other packets of the content via one of DSL or Fiber or
Satellite communication link.

[00170] In some embodiments, said selecting and applying of said particular Packet
Distribution Scheme are performed at a content delivery element of a Content Deliver Network
(CDN). In some embodiments, defining multiple Packet Distribution Schemes is performed at
a content delivery element of a Content Deliver Network (CDN).

[00171] In some embodiments, defining multiple Packet Distribution Schemes is performed
at a content delivery element of a single Communications Service Provider which operates at
least two different networks of two different communication types. In some embodiments,
inequitably distributing the packets comprises: inequitably distributing the packets of said
content, for delivery across two or more data transmitters that transmit data to said recipient
device over two or more respective, different, one-to-one communication links.

[00172] In some embodiments, a process comprises: generating and storing at least one
Packet Distribution Scheme, that indicates a manner of inequitable distribution of packets that
are intended for delivery to a single recipient device, across two or more transmitting units.
[00173] In some embodiments, generating the at least one Packet Distribution Scheme is
based on analysis of current momentary performance characteristics of at least one of said two
or more transmitting units. In some embodiments, the generating the at least one Packet
Distribution Scheme is based on analysis of historic performance characteristics of at least one
of said two or more transmitting units. In some embodiments, generating the at least one Packet
Distribution Scheme is based on analysis of predicted momentary performance characteristics
of at least one of said two or more transmitting units.

[00174] In some embodiments, generating the at least one Packet Distribution Scheme
comprises: generating a Packet Distribution Scheme that indicates a ratio between (I) size of
packets allocated for delivery through a first transmitting unit during a particular time-window,
and (II) size of packets allocated for delivery through a second transmitting unit during said

particular time-window.
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[00175] In some embodiments, generating the at least one Packet Distribution Scheme
comprises: generating a Packet Distribution Scheme that indicates (I) a first absolute size of
packets that are allocated for delivery through a first transmitting unit during a particular time-
window, and (II) a second absolute size of packets that are allocated for delivery through a
second transmitting unit during said particular time-window.

[00176] In some embodiments, generating the at least one Packet Distribution Scheme is
based on analysis of effective throughput characteristics of at least one of said two or more
transmitting units during a particular time-window. In some embodiments, generating the at
least one Packet Distribution Scheme is based on analysis of actual latency characteristics of
at least one of said two or more transmitting units during a particular time-window. In some
embodiments, generating the at least one Packet Distribution Scheme is based on analysis of
jittery behavior characteristics of at least one of said two or more transmitting units during a
particular time-window. In some embodiments, generating the at least one Packet Distribution
Scheme is based on classification of performance characteristics of at least one of said two or
more communication links during a particular time-window.

[00177] In some embodiments, generating the at least one Packet Distribution Scheme is
based on analysis of effective throughput characteristics of at least one of said two or more
transmitting units during delivery of a particular video-portion. In some embodiments,
generating the at least one Packet Distribution Scheme is based on analysis of actual latency
characteristics of at least one of said two or more transmitting units during delivery of a
particular video-portion. In some embodiments, generating the at least one Packet Distribution
Scheme is based on analysis of jittery behavior characteristics of at least one of said two or
more transmitting units during delivery of a particular video-portion. In some embodiments,
generating the at least one Packet Distribution Scheme is based on classification of
performance characteristics of at least one of said two or more communication links during
delivery of a particular video-portion.

[00178] Some embodiments include an apparatus or device or system for transporting a
video content from a delivery device to a recipient device having a recipient Internet Protocol
(IP) address; for example, such apparatus comprising: a packet distribution unit to inequitably
distribute packets of said video content, for transmission across two or mote transmitters that
transmit data to said recipient device over two, different, one-to-one communication links,
based on a Packet Distribution Scheme that is selected out of a plurality of different pre-stored
Packet Distribution Schemes; wherein said particular Packet Distribution Scheme indicates at

least one of: (I) at which ratio to distribute packets, that are intended to be transmitted from
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said delivery device to said recipient device, across said two or more transmitters; (II) which
particular packets of said video content are to be transmitted to said recipient device via a first
communication link, and which other particular packets of said video content are to be
transmitted to said recipient device via a second communication link.

[00179] Some embodiments include a device or apparatus or system for delivering packets
of a content from a delivery device to a recipient device having a recipient Internet Protocol
(IP) address; for example, such system comprising: a processor (or controller, or Integrated
Circuit (IC), or processing core, or logic unit, or one or more software units and/or hardware
units) to inequitably distribute packets of said content, for delivery across two or more data
transmitters that transmit data to said recipient device over two or more respective, different,
communication links; wherein said processor is to distribute said packets by selecting and
applying a particular Packet Distribution Scheme out of a plurality of different pre-stored
Packet Distribution Schemes.

[00180] In some embodiments, said processor selects and applies said particular Packet
Distribution Scheme which indicates at which ratio to distribute packets of said content, that
are intended to be delivered from said delivery device to said recipient device, across said two
or more data transmitters.

[00181] In some embodiments, said processor selects and applies said particular Packet
Distribution Scheme which indicates (i) that a first set of packets of said video content are to
be delivered to said recipient device via a first particular one-to-one communication link, and
(ii) that a second, different, set of packets of said video content are to be delivered to said
recipient device via a second particular one-to-one communication link.

[00182] In some embodiments, said processor selects and applies said particular Packet
Distribution Scheme which indicates (i) that a first set of packets of said video content are to
be delivered to said recipient device at a first time-window via a first particular one-to-one
communication link, and (ii) that a second, different, set of packets of said video content are to
be delivered to said recipient device at a second time-window via a second particular one-to-
one communication link.

[00183] In some embodiments, said processor switches from (i) applying said particular
Packet Distribution Scheme that was selected from a plurality of pre-stored Packet Distribution
Schemes, to (ii) applying an ad-hoc Packet Distribution Scheme that is dynamically
determined, based on actual momentary performance characteristics of the two or more
communication links. In some embodiments, said processor switches from (i) applying said

particular Packet Distribution Scheme that was selected from a plurality of pre-stored Packet
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Distribution Schemes, to (ii) applying an ad-hoc Packet Distribution Scheme that is
dynamically determined, based on predicted momentary performance characteristics of the two
or more communication links.

[00184] Insome embodiments, said processor, at one or more time-points, determines actual
momentary performance characteristics of at least one of said two or more data transmitters;
and selects from said plurality of different pre-stored Packet Distribution Schemes a particular
Packet Distribution Scheme which is sufficiently similar to said actual momentary performance
characteristics. In some embodiments, said processor, at one or more time-points, estimates
predicted momentary performance characteristics of at least one of said two or more data
transmitters; and selects from said plurality of different pre-stored Packet Distribution Schemes
a particular Packet Distribution Scheme which is sufficiently similar to said predicted
momentary performance characteristics.

[00185] In some embodiments, said processor: determines that a first data transmitter and a
second data transmitter are currently available for transmission of data to said recipient; and
determines that a third data transmitter is currently not sufficiently available for transmission
of data to said recipient; selects from said plurality of different pre-stored Packet Distribution
Schemes a particular Packet Distribution Scheme which indicates distribution of packets only
across said first data transmitter and said second data transmitter and not across said third data
transmitter.

[00186] In some embodiments, said processor: determines that a first data transmitter and a
second data transmitter are currently providing a Quality of Service (QoS) which is equal to or
greater than a QoS threshold value; and determines that a third data transmitter is currently
providing a QoS which is smaller than said QoS threshold value; selects from said plurality of
different pre-stored Packet Distribution Schemes a particular Packet Distribution Scheme
which indicates distribution of packets only across said first data transmitter and said second
data transmitter and not across said third data transmitter.

[00187] Insome embodiments, said processor, prior to transmission of said video content to
said recipient device, performs a pre-processing stage in which said video content is encoded
into two or more encoded-video versions, by utilizing two or more, respective, encoding
parameters; wherein said pre-processing stage further comprises creation of a record that
indicates that a first encoded-video version is to be utilized with a first particular Packet
Distribution Scheme, and that further indicates that a second encoded-video version is to be

utilized with a second particular Packet Distribution Scheme.
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[00188] In some embodiments, said processor: (a) determines that a particular content item
is to be delivered to a first recipient device via said particular Packet Distribution Scheme; (b)
determines that said particular content item is required to be delivered to a second recipient
device; (¢) determines to deliver said particular content item to said second recipient device by
using the same particular Packet Distribution Scheme that was used in step (a) for delivering
said particular content item to said first recipient device.

[00189] In some embodiments, said processor (a) determines that a first content item is to
be delivered to a first recipient device via said particular Packet Distribution Scheme; (b)
determines that a second content item is required to be delivered to said first recipient device;
(c) determines to deliver said second content item to said first recipient device by using the
same particular Packet Distribution Scheme that was used in step (a) for delivering said first
content item to said first recipient device.

[00190] In some embodiments, said processor: (a) determines that a second content item is
required to be delivered to a second recipient device which has momentary performance
characteristics that are sufficiently similar to momentary performance characteristics of a first
recipient device; (b) determines to deliver said second content item to said second recipient
device by using the same particular Packet Distribution Scheme that was used for delivering
said first content item to said first recipient device.

[00191] In some embodiments, said processor applies said particular Packet Distribution
Scheme which defines, in absolute terms, quantity of data to be transmitted per time-interval
via each data-transport channel to the recipient device.

[00192] In some embodiments, said processor applies said particular Packet Distribution
Scheme which defines a ratio of quantities of packets that are to be delivered per time-interval
via at least one of the data-delivery connections to the recipient device.

[00193] In some embodiments, said processor: (a) selects a first set of communication links
for transmitting a first content item to a first recipient device; (b) selects a second, different,
set of communication links for transmitting the first content item also to a second recipient
device, based on an estimation that the first and second recipient devices have sufficiently
similar performance characteristics.

[00194] In some embodiments, said processor: (a) selects a first set of communication links
for transmitting a first content item to a first recipient device; (b) subsequently, selects a second,
at least partially different, set of communication links for transmitting the first content item

also to a second recipient device, based on an estimation that the first and second recipient
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devices are associated with network conditions that have sufficiently similar performance
characteristics.

[00195] In some embodiments, said processor: (a) selects a first set of communication links
for transmitting a first content item to a first recipient device; (b) subsequently, selects a second,
at least partially different, set of communication links for transmitting the first content item
also to a second recipient device, based on an estimation that the first and second recipient
devices are associated with network conditions that have sufficiently similar Quality of Service
(QoS) or Quality of Experience (QoE) characteristics.

[00196] In some embodiments, said processor applies a new Packet Distribution Scheme,
which approximates a pre-stored Packet Distribution Scheme and which is not identical to said
pre-stored Packet Distribution Scheme, based on a sufficient similarity determined between (i)
performance characteristics of a current transmission and (ii) performance characteristics of a
previous transmission that utilized said pre-stored Packet Distribution Scheme.

[00197] In some embodiments, said processor selects and applies said particular Packet
Distribution Scheme that indicates to deliver to said recipient device (i) some packets of the
content via a cellular communication link and (ii) some other packets of the content via a fixed
non-cellular communication link.

[00198] In some embodiments, said processor selects and applies said particular Packet
Distribution Scheme that indicates to deliver to said recipient device (i) some packets of the
content via a cellular communication link and (ii) some other packets of the content via a Wi-
Fi communication link.

[00199] In some embodiments, said processor selects and applies said particular Packet
Distribution Scheme that indicates to transmit to said recipient device (i) some packets of the
content via a cellular communication link and (ii) some other packets of the content via one of
DSL or Fiber or Satellite communication link.

[00200] In some embodiments, said processor selects and applies said particular Packet
Distribution Scheme at a content delivery element of a Content Deliver Network (CDN).
[00201]  In some embodiments, said processor defines multiple Packet Distribution Schemes
at a content delivery element of a Content Deliver Network (CDN).

[00202] In some embodiments, said processor defines multiple Packet Distribution Schemes
at a content delivery element of a single Communications Service Provider which operates at

least two different networks of two different communication types.
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[00203] In some embodiments, said processor inequitably distributes the packets of said
content, for delivery across two or more data transmitters that transmit data to said recipient
device over two or more respective, different, one-to-one communication links.

[00204] In some embodiments, an apparatus or device or system comprises: a processor to
generate and to store in a memory unit at least one Packet Distribution Scheme, that indicates
a manner of inequitable distribution of packets that are intended for delivery to a single
recipient device, across two or more transmitting units.

[00205] In some embodiments, said processor generates the at least one Packet Distribution
Scheme based on analysis of current momentary performance characteristics of at least one of
said two or more transmitting units. In some embodiments, said processor generates the at
least one Packet Distribution Scheme based on analysis of historic performance characteristics
of at least one of said two or more transmitting units. In some embodiments, said processor
generates the at least one Packet Distribution Scheme based on analysis of predicted
momentary performance characteristics of at least one of said two or more transmitting units.
[00206] In some embodiments, said processor generates a Packet Distribution Scheme that
indicates a ratio between (I) size of packets allocated for delivery through a first transmitting
unit during a particular time-window, and (II) size of packets allocated for delivery through a
second transmitting unit during said particular time-window.

[00207] In some embodiments, said processor generates a Packet Distribution Scheme that
indicates (I) a first absolute size of packets that are allocated for delivery through a first
transmitting unit during a particular time-window, and (II) a second absolute size of packets
that are allocated for delivery through a second transmitting unit during said particular time-
window.

[00208] In some embodiments, said processor generates the at least one Packet Distribution
Scheme based on analysis of effective throughput characteristics of at least one of said two or
more transmitting units during a particular time-window. In some embodiments, said processor
generates the at least one Packet Distribution Scheme based on analysis of actual latency
characteristics of at least one of said two or more transmitting units during a particular time-
window. In some embodiments, said processor generates the at least one Packet Distribution
Scheme based on analysis of jittery behavior characteristics of at least one of said two or more
transmitting units during a particular time-window. In some embodiments, said processor
generates the at least one Packet Distribution Scheme based on classification of performance
characteristics of at least one of said two or more communication links during a particular time-

window.
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[00209] In some embodiments, said processor generates the at least one Packet Distribution
Scheme based on analysis of effective throughput characteristics of at least one of said two or
more transmitting units during delivery of a particular video-portion. In some embodiments,
said processor generates the at least one Packet Distribution Scheme based on analysis of actual
latency characteristics of at least one of said two or more transmitting units during delivery of
a particular video-portion. In some embodiments, said processor generates the at least one
Packet Distribution Scheme based on analysis of jittery behavior characteristics of at least one
of said two or more transmitting units during delivery of a particular video-portion. In some
embodiments, said processor generates the at least one Packet Distribution Scheme based on
classification of performance characteristics of at least one of said two or more communication
links during delivery of a particular video-portion.

[00210]  Functions, operations, components and/or features described herein with reference
to one or more embodiments of the present invention, may be combined with, or may be utilized
in combination with, one or more other functions, operations, components and/or features
described herein with reference to one or more other embodiments of the present invention.
The present invention may thus comprise any possible or suitable combinations, re-
arrangements, assembly, re-assembly, or other utilization of some or all of the modules or
functions or components that are described herein, even if they are discussed in different
locations or different chapters of the above discussion, or even if they are shown across
different drawings or multiple drawings.

[00211]  While certain features of some demonstrative embodiments of the present invention
have been illustrated and described herein, various modifications, substitutions, changes, and
equivalents may occur to those skilled in the art. Accordingly, the claims are intended to cover

all such modifications, substitutions, changes, and equivalents.
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CLAIMS

‘What is claimed is:

1. A method for delivering packets of a content from a delivery device to a recipient device
having a recipient Internet Protocol (IP) address, the method comprising:

inequitably distributing packets of said content, for delivery across two or more data
transmitters that transmit data to said recipient device over two or more respective, different,
communication links,

wherein said distributing of said packets is performed by selecting and applying a
particular Packet Distribution Scheme out of a plurality of different pre-stored Packet

Distribution Schemes.

2. The method of claim 1,
wherein selecting and applying said particular Packet Distribution Scheme comprise:
selecting and applying said particular Packet Distribution Scheme which indicates at
which ratio to distribute packets of said content, that are intended to be delivered from said

delivery device to said recipient device, across said two or more data transmitters.

3. The method of any one of claims 1-2,
wherein selecting and applying said particular Packet Distribution Scheme comprise:
selecting and applying said particular Packet Distribution Scheme which indicates (i)
that a first set of packets of said video content are to be delivered to said recipient device via a
first particular one-to-one communication link, and (ii) that a second, different, set of packets
of said video content are to be delivered to said recipient device via a second particular one-to-

one communication link.

4. The method of any one of claims 1-3,
wherein selecting and applying said particular Packet Distribution Scheme comprise:
selecting and applying said particular Packet Distribution Scheme which indicates (i)
that a first set of packets of said video content are to be delivered to said recipient device at a
first time-window via a first particular one-to-one communication link, and (ii) that a second,
different, set of packets of said video content are to be delivered to said recipient device at a

second time-window via a second particular one-to-one communication link.
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5. The method of any one of claims 1-4,
wherein selecting and applying said particular Packet Distribution Scheme comprise:
switching from (i) applying said particular Packet Distribution Scheme that was
selected from a plurality of pre-stored Packet Distribution Schemes, to (ii) applying an ad-hoc
Packet Distribution Scheme that is dynamically determined, based on actual momentary

performance characteristics of the two or more communication links.

6. The method of any one of claims 1-5,
wherein selecting and applying said particular Packet Distribution Scheme comprise:
switching from (i) applying said particular Packet Distribution Scheme that was
selected from a plurality of pre-stored Packet Distribution Schemes, to (ii) applying an ad-hoc
Packet Distribution Scheme that is dynamically determined, based on predicted momentary

performance characteristics of the two or more communication links.

7. The method of any one of claims 1-6,
wherein selecting and applying said particular Packet Distribution Scheme comprise:
at one or more time-points, determining actual momentary performance characteristics
of at least one of said two or more data transmitters; and selecting from said plurality of
different pre-stored Packet Distribution Schemes a particular Packet Distribution Scheme

which is sufficiently similar to said actual momentary performance characteristics.

8. The method of any one of claims 1-7,
wherein selecting and applying said particular Packet Distribution Scheme comprise:
at one or more time-points, estimating predicted momentary performance
characteristics of at least one of said two or more data transmitters; and selecting from said
plurality of different pre-stored Packet Distribution Schemes a particular Packet Distribution

Scheme which is sufficiently similar to said predicted momentary performance characteristics.

9. The method of any one of claims 1-8,
wherein selecting and applying said particular Packet Distribution Scheme comprise:
determining that a first data transmitter and a second data transmitter are currently
available for transmission of data to said recipient; and determining that a third data transmitter

is currently not sufficiently available for transmission of data to said recipient;
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selecting from said plurality of different pre-stored Packet Distribution Schemes a
particular Packet Distribution Scheme which indicates distribution of packets only across said

first data transmitter and said second data transmitter and not across said third data transmitter.

10. The method of any one of claims 1-9,

wherein selecting and applying said particular Packet Distribution Scheme comprise:

determining that a first data transmitter and a second data transmitter are currently
providing a Quality of Service (QoS) which is equal to or greater than a QoS threshold value;
and determining that a third data transmitter is currently providing a QoS which is smaller than
said QoS threshold value;

selecting from said plurality of different pre-stored Packet Distribution Schemes a
particular Packet Distribution Scheme which indicates distribution of packets only across said

first data transmitter and said second data transmitter and not across said third data transmitter.

11. The method of any one of claims 1-10, comprising:

prior to transmission of said video content to said recipient device, performing a pre-
processing stage in which said video content is encoded into two or more encoded-video
versions, by utilizing two or more, respective, encoding parameters;

wherein said pre-processing stage further comprises: creating a record that indicates
that a first encoded-video version is to be utilized with a first particular Packet Distribution
Scheme, and that further indicates that a second encoded-video version is to be utilized with a

second particular Packet Distribution Scheme.

12. The method of any one of claims 1-11,
wherein selecting and applying said particular Packet Distribution Scheme comprise:

(a) determining that a particular content item is to be delivered to a first recipient device
via said particular Packet Distribution Scheme;

b) determining that said particular content item is required to be delivered to a second
recipient device;

(©) determining to deliver said particular content item to said second recipient device by
using the same particular Packet Distribution Scheme that was used in step (a) for delivering

said particular content item to said first recipient device.
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13. The method of any one of claims 1-12,

wherein selecting and applying said particular Packet Distribution Scheme comprise:
(a) determining that a first content item is to be delivered to a first recipient device via said
particular Packet Distribution Scheme;
b) determining that a second content item is required to be delivered to said first recipient
device;
(©) determining to deliver said second content item to said first recipient device by using
the same particular Packet Distribution Scheme that was used in step (a) for delivering said

first content item to said first recipient device.

14. The method of any one of claims 1-13,

wherein selecting and applying said particular Packet Distribution Scheme comprise:
(a) determining that a second content item is required to be delivered to a second recipient
device which has momentary performance characteristics that are sufficiently similar to
momentary performance characteristics of a first recipient device;
b) determining to deliver said second content item to said second recipient device by using
the same particular Packet Distribution Scheme that was used for delivering said first content

item to said first recipient device.

15. The method of any one of claims 1-14,
wherein selecting and applying said particular Packet Distribution Scheme comprise:
applying said particular Packet Distribution Scheme which defines, in absolute terms,
quantity of data to be transmitted per time-interval via each data-transport channel to the

recipient device.

16. The method of any one of claims 1-15,
wherein selecting and applying said particular Packet Distribution Scheme comprise:
applying said particular Packet Distribution Scheme which defines a ratio of quantities
of packets that are to be delivered per time-interval via at least one of the data-delivery

connections to the recipient device.
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17. The method of any one of claims 1-16,

wherein selecting and applying said particular Packet Distribution Scheme comprise:
(a) selecting a first set of communication links for transmitting a first content item to a first
recipient device;
b) selecting a second, different, set of communication links for transmitting the first
content item also to a second recipient device, based on an estimation that the first and second

recipient devices have sufficiently similar performance characteristics.

18. The method of any one of claims 1-17,

wherein selecting and applying said particular Packet Distribution Scheme comprise:
(a) selecting a first set of communication links for transmitting a first content item to a first
recipient device;
b) subsequently, selecting a second, at least partially different, set of communication links
for transmitting the first content item also to a second recipient device, based on an estimation
that the first and second recipient devices are associated with network conditions that have

sufficiently similar performance characteristics.

19. The method of any one of claims 1-18,

wherein selecting and applying said particular Packet Distribution Scheme comprise:
(a) selecting a first set of communication links for transmitting a first content item to a first
recipient device;
b) subsequently, selecting a second, at least partially different, set of communication links
for transmitting the first content item also to a second recipient device, based on an estimation
that the first and second recipient devices are associated with network conditions that have

sufficiently similar Quality of Service (QoS) or Quality of Experience (QoE) characteristics.

20. The method of any one of claims 1-19,
wherein selecting and applying said particular Packet Distribution Scheme comprise:
applying a new Packet Distribution Scheme, which approximates a pre-stored Packet
Distribution Scheme and which is not identical to said pre-stored Packet Distribution Scheme,
based on a sufficient similarity determined between (i) performance characteristics of a current
transmission and (ii) performance characteristics of a previous transmission that utilized said

pre-stored Packet Distribution Scheme.
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21. The method of any one of claims 1-20,
wherein selecting and applying said particular Packet Distribution Scheme comprise:
selecting and applying said particular Packet Distribution Scheme that indicates to
deliver to said recipient device (i) some packets of the content via a cellular communication

link and (ii) some other packets of the content via a fixed non-cellular communication link.

22. The method of any one of claims 1-21,
wherein selecting and applying said particular Packet Distribution Scheme comprise:
selecting and applying said particular Packet Distribution Scheme that indicates to
deliver to said recipient device (i) some packets of the content via a cellular communication

link and (ii) some other packets of the content via a Wi-Fi communication link.

23. The method of any one of claims 1-22,
wherein selecting and applying said particular Packet Distribution Scheme comprise:
selecting and applying said particular Packet Distribution Scheme that indicates to
transmit to said recipient device (i) some packets of the content via a cellular communication
link and (ii) some other packets of the content via one of DSL or Fiber or Satellite

communication link.

24. The method of any one of claims 1-23,
wherein said selecting and applying of said particular Packet Distribution Scheme are

performed at a content delivery element of a Content Deliver Network (CDN).

25. The method of any one of claims 1-24,
wherein defining multiple Packet Distribution Schemes is performed at a content

delivery element of a Content Deliver Network (CDN).

26. The method of any one of claims 1-25,
wherein defining multiple Packet Distribution Schemes is performed at a content
delivery element of a single Communications Service Provider which operates at least two

different networks of two different communication types.
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27. The method of any one of claims 1-26,

wherein inequitably distributing the packets comprises:

inequitably distributing the packets of said content, for delivery across two or more data
transmitters that transmit data to said recipient device over two or more respective, different,

one-to-one communication links.

28. A process comprising:
generating and storing at least one Packet Distribution Scheme, that indicates a manner
of inequitable distribution of packets that are intended for delivery to a single recipient device,

across two or more transmitting units.

29. The process of claim 28,
wherein generating the at least one Packet Distribution Scheme is based on analysis of
current momentary performance characteristics of at least one of said two or more transmitting

units.

30. The process of any one of claims 28-29,
wherein the generating the at least one Packet Distribution Scheme is based on analysis

of historic performance characteristics of at least one of said two or more transmitting units.

31. The process of any one of claims 28-30,
wherein generating the at least one Packet Distribution Scheme is based on analysis of
predicted momentary performance characteristics of at least one of said two or more

transmitting units.

32. The process of any one of claims 28-31,

wherein generating the at least one Packet Distribution Scheme comprises:

generating a Packet Distribution Scheme that indicates a ratio between (I) size of
packets allocated for delivery through a first transmitting unit during a particular time-window,
and (II) size of packets allocated for delivery through a second transmitting unit during said

particular time-window.
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33. The process of any one of claims 28-32,

wherein generating the at least one Packet Distribution Scheme comprises:

generating a Packet Distribution Scheme that indicates (I) a first absolute size of packets
that are allocated for delivery through a first transmitting unit during a particular time-window,
and (II) a second absolute size of packets that are allocated for delivery through a second

transmitting unit during said particular time-window.

34. The process of any one of claims 28-33,
wherein generating the at least one Packet Distribution Scheme is based on analysis of
effective throughput characteristics of at least one of said two or more transmitting units during

a particular time-window.

35. The process of any one of claims 28-34,
wherein generating the at least one Packet Distribution Scheme is based on analysis of
actual latency characteristics of at least one of said two or more transmitting units during a

particular time-window.

36. The process of any one of claims 28-35,
wherein generating the at least one Packet Distribution Scheme is based on analysis of
jittery behavior characteristics of at least one of said two or more transmitting units during a

particular time-window.

37. The process of any one of claims 28-36,
wherein generating the at least one Packet Distribution Scheme is based on
classification of performance characteristics of at least one of said two or more communication

links during a particular time-window.

38. The process of any one of claims 28-37,
wherein generating the at least one Packet Distribution Scheme is based on analysis of
effective throughput characteristics of at least one of said two or more transmitting units during

delivery of a particular video-portion.
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39. The process of any one of claims 28-38,
wherein generating the at least one Packet Distribution Scheme is based on analysis of
actual latency characteristics of at least one of said two or more transmitting units during

delivery of a particular video-portion.

40. The process of any one of claims 28-39,
wherein generating the at least one Packet Distribution Scheme is based on analysis of
jittery behavior characteristics of at least one of said two or more transmitting units during

delivery of a particular video-portion.

41. The process of any one of claims 28-40,
wherein generating the at least one Packet Distribution Scheme is based on
classification of performance characteristics of at least one of said two or more communication

links during delivery of a particular video-portion.

42. An apparatus for transporting a video content from a delivery device to a recipient
device having a recipient Internet Protocol (IP) address, the apparatus comprising:

a packet distribution unit to inequitably distribute packets of said video content, for
transmission across two or more transmitters that transmit data to said recipient device over
two, different, one-to-one communication links, based on a Packet Distribution Scheme that is
selected out of a plurality of different pre-stored Packet Distribution Schemes;

wherein said particular Packet Distribution Scheme indicates at least one of: (I) at which
ratio to distribute packets, that are intended to be transmitted from said delivery device to said
recipient device, across said two or more transmitters; (II) which particular packets of said
video content are to be transmitted to said recipient device via a first communication link, and
which other particular packets of said video content are to be transmitted to said recipient

device via a second communication link.
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43. A system for delivering packets of a content from a delivery device to a recipient device
having a recipient Internet Protocol (IP) address, the system comprising:

a processor to inequitably distribute packets of said content, for delivery across two or
more data transmitters that transmit data to said recipient device over two or more respective,
different, communication links,

wherein said processor is to distribute said packets by selecting and applying a
particular Packet Distribution Scheme out of a plurality of different pre-stored Packet

Distribution Schemes.

44. The system of claim 43,

wherein said processor selects and applies said particular Packet Distribution Scheme
which indicates at which ratio to distribute packets of said content, that are intended to be
delivered from said delivery device to said recipient device, across said two or more data

transmitters.

45. The system of any one of claims 43-44,

wherein said processor selects and applies said particular Packet Distribution Scheme
which indicates (i) that a first set of packets of said video content are to be delivered to said
recipient device via a first particular one-to-one communication link, and (ii) that a second,
different, set of packets of said video content are to be delivered to said recipient device via a

second particular one-to-one communication link.

46. The system of any one of claims 43-45,

wherein said processor selects and applies said particular Packet Distribution Scheme
which indicates (i) that a first set of packets of said video content are to be delivered to said
recipient device at a first time-window via a first particular one-to-one communication link,
and (i) that a second, different, set of packets of said video content are to be delivered to said
recipient device at a second time-window via a second particular one-to-one communication

link.
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47. The system of any one of claims 43-46,

wherein said processor switches from (i) applying said particular Packet Distribution
Scheme that was selected from a plurality of pre-stored Packet Distribution Schemes, to (ii)
applying an ad-hoc Packet Distribution Scheme that is dynamically determined, based on actual

momentary performance characteristics of the two or more communication links.

48. The system of any one of claims 43-47,

wherein said processor switches from (i) applying said particular Packet Distribution
Scheme that was selected from a plurality of pre-stored Packet Distribution Schemes, to (ii)
applying an ad-hoc Packet Distribution Scheme that is dynamically determined, based on

predicted momentary performance characteristics of the two or more communication links.

49. The system of any one of claims 43-48,

wherein said processor, at one or more time-points, determines actual momentary
performance characteristics of at least one of said two or more data transmitters; and selects
from said plurality of different pre-stored Packet Distribution Schemes a particular Packet
Distribution Scheme which is sufficiently similar to said actual momentary performance

characteristics.

50. The system of any one of claims 43-49,

wherein said processor, at one or more time-points, estimates predicted momentary
performance characteristics of at least one of said two or more data transmitters; and selects
from said plurality of different pre-stored Packet Distribution Schemes a particular Packet
Distribution Scheme which is sufficiently similar to said predicted momentary performance

characteristics.

51. The system of any one of claims 43-50,

wherein said processor

determines that a first data transmitter and a second data transmitter are currently
available for transmission of data to said recipient; and determines that a third data transmitter
is currently not sufficiently available for transmission of data to said recipient;

selects from said plurality of different pre-stored Packet Distribution Schemes a
particular Packet Distribution Scheme which indicates distribution of packets only across said

first data transmitter and said second data transmitter and not across said third data transmitter.
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52. The system of any one of claims 43-51,

wherein said processor

determines that a first data transmitter and a second data transmitter are currently
providing a Quality of Service (QoS) which is equal to or greater than a QoS threshold value;
and determines that a third data transmitter is currently providing a QoS which is smaller than
said QoS threshold value;

selects from said plurality of different pre-stored Packet Distribution Schemes a
particular Packet Distribution Scheme which indicates distribution of packets only across said

first data transmitter and said second data transmitter and not across said third data transmitter.

53. The system of any one of claims 43-52,
wherein said processor, prior to transmission of said video content to said recipient
device, performs a pre-processing stage in which said video content is encoded into two or
more encoded-video versions, by utilizing two or more, respective, encoding parameters;
wherein said pre-processing stage further comprises creation of a record that indicates
that a first encoded-video version is to be utilized with a first particular Packet Distribution
Scheme, and that further indicates that a second encoded-video version is to be utilized with a

second particular Packet Distribution Scheme.

54. The system of any one of claims 43-53,

wherein said processor
(a) determines that a particular content item is to be delivered to a first recipient device via
said particular Packet Distribution Scheme;
b) determines that said particular content item is required to be delivered to a second
recipient device;
(©) determines to deliver said particular content item to said second recipient device by
using the same particular Packet Distribution Scheme that was used in step (a) for delivering

said particular content item to said first recipient device.

55. The system of any one of claims 43-54,
wherein said processor
(a)  determines that a first content item is to be delivered to a first recipient device via said

particular Packet Distribution Scheme;
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b) determines that a second content item is required to be delivered to said first recipient
device;

(©) determines to deliver said second content item to said first recipient device by using the
same particular Packet Distribution Scheme that was used in step (a) for delivering said first

content item to said first recipient device.

56. The system of any one of claims 43-55,

wherein said processor
(a) determines that a second content item is required to be delivered to a second recipient
device which has momentary performance characteristics that are sufficiently similar to
momentary performance characteristics of a first recipient device;
b) determines to deliver said second content item to said second recipient device by using
the same particular Packet Distribution Scheme that was used for delivering said first content

item to said first recipient device.

57. The system of any one of claims 43-56,
wherein said processor applies said particular Packet Distribution Scheme which
defines, in absolute terms, quantity of data to be transmitted per time-interval via each data-

transport channel to the recipient device.

58. The system of any one of claims 43-57,
wherein said processor applies said particular Packet Distribution Scheme which
defines a ratio of quantities of packets that are to be delivered per time-interval via at least one

of the data-delivery connections to the recipient device.

59. The system of any one of claims 43-58,
wherein said processor
(a)  selects a first set of communication links for transmitting a first content item to a first
recipient device;
(b) selects a second, different, set of communication links for transmitting the first content
item also to a second recipient device, based on an estimation that the first and second recipient

devices have sufficiently similar performance characteristics.
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60. The system of any one of claims 43-59,

wherein said processor
(a)  selects a first set of communication links for transmitting a first content item to a first
recipient device;
b) subsequently, selects a second, at least partially different, set of communication links
for transmitting the first content item also to a second recipient device, based on an estimation
that the first and second recipient devices are associated with network conditions that have

sufficiently similar performance characteristics.

61. The system of any one of claims 43-60,

wherein said processor
(a) selects a first set of communication links for transmitting a first content item to a first
recipient device;
b) subsequently, selects a second, at least partially different, set of communication links
for transmitting the first content item also to a second recipient device, based on an estimation
that the first and second recipient devices are associated with network conditions that have

sufficiently similar Quality of Service (QoS) or Quality of Experience (QoE) characteristics.

62. The system of any one of claims 43-61,

wherein said processor applies a new Packet Distribution Scheme, which approximates
a pre-stored Packet Distribution Scheme and which is not identical to said pre-stored Packet
Distribution Scheme, based on a sufficient similarity determined between (i) performance
characteristics of a current transmission and (ii) performance characteristics of a previous

transmission that utilized said pre-stored Packet Distribution Scheme.

63. The system of any one of claims 43-62,

wherein said processor selects and applies said particular Packet Distribution Scheme
that indicates to deliver to said recipient device (i) some packets of the content via a cellular
communication link and (ii) some other packets of the content via a fixed non-cellular

communication link.

77



WO 2018/203336 PCT/IL2018/050484

64. The system of any one of claims 43-63,
wherein said processor selects and applies said particular Packet Distribution Scheme
that indicates to deliver to said recipient device (i) some packets of the content via a cellular

communication link and (ii) some other packets of the content via a Wi-Fi communication link.

65. The system of any one of claims 43-64,

wherein said processor selects and applies said particular Packet Distribution Scheme
that indicates to transmit to said recipient device (i) some packets of the content via a cellular
communication link and (ii) some other packets of the content via one of DSL or Fiber or

Satellite communication link.

66. The system of any one of claims 43-65,
wherein said processor selects and applies said particular Packet Distribution Scheme

at a content delivery element of a Content Deliver Network (CDN).

67. The system of any one of claims 43-60,
wherein said processor defines multiple Packet Distribution Schemes at a content

delivery element of a Content Deliver Network (CDN).

68. The system of any one of claims 43-67,
wherein said processor defines multiple Packet Distribution Schemes at a content
delivery element of a single Communications Service Provider which operates at least two

different networks of two different communication types.

69. The system of any one of claims 43-68,
wherein said processor inequitably distributes the packets of said content, for delivery
across two or more data transmitters that transmit data to said recipient device over two or more

respective, different, one-to-one communication links.
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70. An apparatus comprising:
a processor to generate and to store in a memory unit at least one Packet Distribution
Scheme, that indicates a manner of inequitable distribution of packets that are intended for

delivery to a single recipient device, across two or more transmitting units.

71. The apparatus of claim 70,
wherein said processor generates the at least one Packet Distribution Scheme based on
analysis of current momentary performance characteristics of at least one of said two or more

transmitting units.

72. The apparatus of any one of claims 70-71,
wherein said processor generates the at least one Packet Distribution Scheme based on
analysis of historic performance characteristics of at least one of said two or more transmitting

units.

73. The apparatus of any one of claims 70-72,
wherein said processor generates the at least one Packet Distribution Scheme based on
analysis of predicted momentary performance characteristics of at least one of said two or more

transmitting units.

74. The apparatus of any one of claims 70-73,

wherein said processor generates a Packet Distribution Scheme that indicates a ratio
between (1) size of packets allocated for delivery through a first transmitting unit during a
particular time-window, and (II) size of packets allocated for delivery through a second

transmitting unit during said particular time-window.

75. The apparatus of any one of claims 70-74,

wherein said processor generates a Packet Distribution Scheme that indicates (I) a first
absolute size of packets that are allocated for delivery through a first transmitting unit during a
particular time-window, and (II) a second absolute size of packets that are allocated for delivery

through a second transmitting unit during said particular time-window.
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76. The apparatus of any one of claims 70-75,
wherein said processor generates the at least one Packet Distribution Scheme based on
analysis of effective throughput characteristics of at least one of said two or more transmitting

units during a particular time-window.

77. The apparatus of any one of claims 70-76,
wherein said processor generates the at least one Packet Distribution Scheme based on
analysis of actual latency characteristics of at least one of said two or more transmitting units

during a particular time-window.

78. The apparatus of any one of claims 70-77,
wherein said processor generates the at least one Packet Distribution Scheme based on
analysis of jittery behavior characteristics of at least one of said two or more transmitting units

during a particular time-window.

79. The apparatus of any one of claims 70-78,
wherein said processor generates the at least one Packet Distribution Scheme based on
classification of performance characteristics of at least one of said two or more communication

links during a particular time-window.

80. The apparatus of any one of claims 70-79,
wherein said processor generates the at least one Packet Distribution Scheme based on
analysis of effective throughput characteristics of at least one of said two or more transmitting

units during delivery of a particular video-portion.

81. The apparatus of any one of claims 70-80,
wherein said processor generates the at least one Packet Distribution Scheme based on
analysis of actual latency characteristics of at least one of said two or more transmitting units

during delivery of a particular video-portion.

82. The apparatus of any one of claims 70-81,
wherein said processor generates the at least one Packet Distribution Scheme based on
analysis of jittery behavior characteristics of at least one of said two or more transmitting units

during delivery of a particular video-portion.
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83. The apparatus of any one of claims 70-82,
wherein said processor generates the at least one Packet Distribution Scheme based on
classification of performance characteristics of at least one of said two or more communication

links during delivery of a particular video-portion.
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