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ULTRA-RELIABLE COMMUNICATIONS USING NEIGHBORING DEVICE-
TO-DEVICE ASSISTANCE

CLAIM OF PRIORITY
[0001] The present application for patent claims priority to Provisional Application
No. 62/034,284 entitled “Ultra-Reliable Communications Using Neighboring Device-
to-Device Assistance™ filed August 7, 2014, and Non-Provisional Application No.
14/671,846 entitled “Ultra-Reliable Communications Using Neighboring Device-to-
Device Assistance” filed March 27, 2015, the entire disclosures of which are hereby

expressly incorporated by reference.

FIELD
[0002] Various features relate to communication devices and methods for facilitating
highly reliable or ultra-reliable communications to a target mobile device by having at
lecast one neighboring or nearby device assist i relaying uplink and downlink

transmission between a network access point and the target mobile device.

BACKGROUND

[0003] Mobile communication devices typically communicate over wireless networks
and through network (serving) access points (e.g., Evolved Universal Terrestrial Radio
Access Network (E-UTRAN) Node Bs, or evolved Node Bs, or eNBs). Different
services (e.g., data, voice, video, etc.), may have different quality of service or
connection reliability requirements. A highly-reliable and/or ultra-reliable connection 1s
difficult to maintain between a network (or serving) access point and a target mobile
device. For instance, the movement of the target mobile device, environmental
conditions, geographical or building obstructions, etc., may cause loss of signal quality
in the connection or link between the network access pomt and the target mobile device.
Some scenarios that may cause loss of signal quality can include, e.g., fading, the
attenuation of signal quality over certain propagation media, or shadowing, where large
obstructions obscure the main signal path between the transmitter and the receiver.

[0004] One solution to address such signal quality loss may involve time diversity of
transmissions, which can increase latency. Another solution to address such signal
quality loss may involve frequency diversity of transmissions. Using this approach, all

devices (e.g., service access points, such as eNBs, and mobile devices, also referred to
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as user cquipment or UE) should be able to operate across different frequency
spectrums, bands and/or carriers. Yet another solution to address such signal quality
loss may 1nvolve spatial diversity of transmissions. This approach generally requires
the service access points and/or mobile devices to be equipped with a plurality of
antennas.

SUMMARY
[0005] One feature provides a method operational on a neighboring device for
downlink transmission assistance for a target device. The neighboring device monitors
a shared asynchronous first channel for broadcast transmissions from a serving access
point. The neighboring device also determines i1f a received first transmission over the
shared asynchronous first channel 1s intended for the target device. For instance, the
recetved first transmission may be captured and decoded. After an expiration of a
threshold period of time, the neighboring device relays the received first transmission to
the target device over the first channel or a different second channel.
[0006] According to one aspect, the first channel and the second channel are
established over different non-overlapping frequency spectrums. According to another
aspect, the first channel 1s coextensive with the second channel.
[0007] The threshold period of time may be synchronous with respect to reception of
the first transmission. In some implementations, the received first transmission may be
automatically relayed after a decoding delay.
[0008] According to one aspect, the received first transmission 1s relayed only 1f a
failure indicator 1s received from the target device. According to another aspect, the
recetved first transmission 1s relayed in synchronicity with an expected retransmission
from the serving access point.
[0009] According to one aspect, the first channel uses a first frequency spectrum, a
first communication protocol, and/or a first modulation-and-coding scheme. According
to another aspect, the method also includes receiving a message from the target device
over the second channel indicating that a retransmission of the received first
transmission 1s desired over the second channel, the second channel using a second
frequency spectrum, a second communication protocol, and/or a second modulation-
and-coding scheme, distinct from the first channel. According to yet another aspect, the
received first transmission 1s relayed within an expected transmission time interval of

transmissions over the first channel.
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[0010] According to one aspect, the first transmission 1s relayed regardless of channel
conditions for the first channel and/or the second channel. According to another aspect,
the first channel 1s shared for all broadcast transmissions from the serving access point.
[0011] Another feature provides a method operational on at least one neighboring
device for uplink transmission assistance for a serving access point. The neighboring
device receives a first transmission from a target device over a shared asynchronous first
channel for broadcast transmissions. The first transmission 18 also sent from the target
device to the serving access point. An additional time period 1s pre-allocated by the
serving access point. The neighboring device determines 1f the first transmission was
not received by the serving access point. After an expiration of the pre-allocated
additional time period, the neighboring device relays the received first transmission to
the serving access point over the shared asynchronous first channel or a different second
channel.

[0012] According to one aspect, the method also includes receirving a second
transmission from the target device over the shared asynchronous first channel for
broadcast transmissions, the second transmission not being sent to the serving access
point. The method also includes simultancously broadcasting, to the serving access
point, both the received second transmission and a third transmission from the target
device over the shared asynchronous first channel or the different second channel, the
second transmission and the third transmission being the same transmission.

[0013] According to one aspect, all devices that send transmissions use the same time
and/or frequency resources to form a local single frequency network.

[0014] According to one aspect, the serving access point selects the relaying of the
recerved first transmission to be unicasted from several nearby additional devices
capable of relaying transmissions.

[0015] According to one aspect, the first transmission not received by the serving
access point includes determining 1f the serving access point sends a failure indicator

(NAK) that 1s received by at least the target device.

DRAWINGS
[0016] FIG. 1 1s a block diagram illustrating an exemplary wireless network in
accordance with some aspects of the disclosure.
[0017] FIG. 2 1s a block diagram 1llustrating downlink assistance in the exemplary

wireless network 1n which neighboring devices capture transmissions from the serving
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access point mntended for the target mobile device in accordance with some aspects of
the disclosure.

[0018] FIG. 3 1s a block diagram illustrating downlink assistance in the exemplary
wireless network m which neighboring devices retransmit or relay previously captured
transmissions from the serving access point intended for the target mobile device 1n
accordance with some aspects of the disclosure.

[0019] FIG. 4 illustrates three downlink relaying scenarios in accordance with some
aspects of the disclosure.

[0020] FIG. 5 1illustrates an exemplary method operational on a neighboring device for
downlink transmission assistance for a target device 1in accordance with some aspects of
the disclosure.

[0021] FIG. 6 1llustrates a first part of a first relaying scheme where the serving access
point 1s aware of relaying functionality of the neighboring devices 1n accordance with
some aspects of the disclosure.

[0022] FIG. 7 illustrates a second part of the first relaying scheme where the serving
access point 1s aware of relaying functionality of the neighboring devices in accordance
with some aspects of the disclosure.

[0023] FIG. 8 illustrates a first part of a second relaying scheme where the serving
access point 1s unaware of relaying functionality of the neighboring devices 1n
accordance with some aspects of the disclosure.

[0024] FIG. 9 1illustrates a second part of a second relaying scheme where the serving
access point 1s unaware of relaying functionality of the neighboring devices 1n
accordance with some aspects of the disclosure.

[0025] FIG. 10 1illustrates three uplink relaying scenarios 1n accordance with some
aspects of the disclosure.

[0026] FIG. 11 1illustrates an exemplary method operational on a neighboring device
for uplink transmission assistance for a target device i accordance with some aspects of
the disclosure.

[0027] FIG. 12 illustrates a downlink assist scheme 1n accordance with some aspects
of the disclosure.

[0028] FIG. 13 1s a block diagram 1illustrating an exemplary hardware implementation
for a wireless communication device used for downlink transmission assistance in

accordance with some aspects of the disclosure.



CA 029b359%6 2016-12-22

WO 2016/022314 PCT/US2015/042174

[0029] FIG. 14 1s a block diagram illustrating an exemplary hardware implementation
for a network communication device used for uplink transmission assistance 1n
accordance with some aspects of the disclosure.

[0030] FIG. 15 1s a block diagram illustrating an exemplary wireless communication
circuit or network communication circuit that 1s used in FIGs. 13-14 1n accordance with

some aspects of the disclosure.

DETAILED DESCRIPTION
[0031] In the following description, specific details are given to provide a thorough
understanding of the embodiments. However, 1t will be understood by one of ordinary
skill 1n the art that the embodiments may be practiced without these specific detail. For
example, circuits may be shown in block diagrams in order avoid obscuring the
embodiments 1n unnecessary detail. In other instances, well-known circuits, structures
and techniques may not be shown 1n detail in order not to obscure the embodiments.
[0032] The word “exemplary” 1s used herein to mean ‘“‘serving as an example,
instance, or 1llustration.” Any implementation or embodiment described herein as
“exemplary” 1s not necessarily to be construed as preferred or advantageous over other
embodiments. Likewise, the term “embodiments” does not require that all embodiments
include the discussed feature, advantage or mode of operation.
Overview
[0033] Improved link reliability between a serving access point (e.g., Evolved
Universal Terrestrial Radio Access Network (E-UTRAN) Node B, or evolved Node B,
or eNB) and a target mobile device (e.g., also known as user equipment or UE) may be
achieved with device-to-device relaying from neighboring devices (e.g., between
neighboring UEs to the target mobile device). In the downlink direction from a serving
access point to a target mobile device, relaying neighboring devices may transmit or
relay the same message (sent by the serving access point) to the target mobile device,
thereby producing a local single frequency network. Similarly, in the uplink direction,
from the target mobile device to the serving access point, the neighboring devices can
retransmit or relay the same message (sent by the target mobile device) to the serving
access point. This approach 1n the uplink direction provides alternative signal
propagation paths that connect a service access point and a target mobile device through
one or more devices neighboring or close to the target mobile device. Because the one

or more devices may have better channel conditions with the serving access point
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compared to the target mobile device, the one or more devices are able to provide much
higher reliability versus the direct connection/link between the mobile target device and
the serving access point.

[0034] According to one aspect, a different link may be used for relaying downlink
transmissions to a target device than 1s used to transmit from the serving access point to
the target device. For instance, the target device may be adapted to receive a first
transmission from a serving access point over a first link and, upon a failure to decode
the first transmission, the target device may request a retransmission of the first
transmission over a second link. A neighboring device may be adapted to receive the
request for a retransmission of the first transmission over the second link. The
neighboring device then relays the first transmission to the target device over the second
link. The first link may use a first frequency spectrum, a first communication protocol,
and/or a first modulation-and-coding scheme, while the second link may use a second
frequency spectrum, a second communication protocol, and/or a second modulation-
and-coding scheme, distinct from the first link.

Exemplary Operating Environment

[0035] FIG. 1 1s a block diagram 1llustrating an exemplary wireless network 100. The
exemplary wireless network 100 may include a target mobile device 102, a serving
access point 104, and two neighboring devices 106 and 108. The serving access point
104 may provide wireless service to devices within a given region that may be defined
by sectors. In this example, a shared frequency spectrum may be used by the serving
access point 104 to communicate with all the devices 102, 106, and 108. Consequently,
all downlink transmissions (e.g., broadcasted by the serving access point to the devices)
and uplink transmissions (e.g., broadcasted by the target mobile device and/or
neighboring devices to the serving access point) can be captured or receirved by all other
devices within the served region.

[0036] In one example, each device 102, 106, and 108 served by the serving access
point 104 may have an allocated channel (e.g., defined by a timeslot, scrambling code,
etc.) on which 1t receives and/or sends transmissions. However, because a shared
frequency spectrum 1s used for all transmissions by the serving access point 104, the
devices 102, 106, 108 are able to listen on transmissions to/tfrom other devices because
they are within range. In conventional systems, a given device 1gnores transmissions not
intended for 1t (e.g., the device does not decode transmissions not intended for 1t, or not

in 1ts allocated channel). By contrast, in the present exemplary wireless network 100,
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the served devices 102, 106, 108 may be configured or dynamically adjusted (e.g., by
the serving access point 104, etc.) to listen to and decode some or all transmissions
(whether intended for the device or for another device). In one implementation, the
shared channels for broadcast transmissions from the serving access point are
asynchronous. Asynchronous channels may transmit data without the use of an external
clock signal, which allows the data to be transmitted in portions or intermittently,
instead of 1n a constant or steady stream.

[0037] When configured to relay transmissions, the neighboring devices 106 and 108
may capture all transmissions between the serving access point 104 and the intended
target mobile device 102, decode the transmissions, and relay or forward the decoded
transmissions 1n the uplink and/or downlink directions.

Exemplary Downlink Device-to-Device Assistance

[0038] FIG. 2 1s a block diagram illustrating downlink assistance in the exemplary
wireless network 100 of FIG. 1 in which neighboring devices capture transmissions
from the serving access point 104 intended for the target mobile device 102. A
downlink transmission 110a may be sent by the serving access point 104 to the intended
recipient, the target mobile device 102. The downlink transmission 110a may be for
broadcast, control, or data transmissions.

[0039] In this example, the target mobile device 102 receives the downlink
transmission 110a. The neighboring devices 106 and 108 may also be configured to
receive the downlink transmissions 110b and 110c, respectively, decode the downlink
transmission 110b and 110c¢ (e.g., to ascertain the intended recipient), and may buffer
and/or temporarily store the recerved downlink transmission 110b and 110c¢ for
subsequent relaying or retransmission to the target mobile device 102, for example. In
onc implementation, a shared channel for broadcast transmissions from the serving
access point may be asynchronous.

[0040] This shared asynchronous first channel may be monitored to determine if a
recerved first transmission over the shared asynchronous first channel 1s intended for the
target mobile device 102. The received first transmission may be relayed after the
expiration of a threshold period of time to the target device over the shared
asynchronous first channel or a different second channel.

[0041 ] FIG. 3 1s a block diagram illustrating downlink assistance in the exemplary
wireless network 100 1n which neighboring devices 106 and 108, respectively,

retransmit or relay individual relay signals 312 and 314 from the serving access point
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104 intended for the target mobile device 102. In this example, the neighboring devices
106 and 108 may relay the relay signals 312 and 314 which are essentially the
previously captured transmissions 110b and 110c¢ to the target mobile device 102. In
onec 1mplementation, the relaying of the relay signals 312 and 314 occurs only after the
expiration of a threshold period of time.

[0042] Prior to relaying the relay signals 312 and 314 of the transmission to the
target mobile device 102, the neighboring devices 106 and 108 may either ascertain
whether the target mobile device 102 1s nearby (e.g., within a local region 316 based on
the signal strength of transmissions from the target mobile device 102) or may be
instructed (e.g., by the serving access point 104) to relay transmissions to the target
mobile device 102.

[0043] The relayed transmissions of the relay signals 312 and 314 may serve to create
a single frequency network (SFN) 1n which several transmitters simultancously send the
same signal over the same frequency channel. The target mobile device 102 may then
combine the received transmissions to extract the transmitted signal.

[0044] According to one aspect, the relay transmissions of the relay signals 312 and
314 may reuse the same frequency or channel used by the serving access point 104
when being transmitted to the target mobile device 102. Alternatively, the relay
transmissions of the relay signals 312 and 314 may be on a different frequency or
channel (e.g., a Wif1 channel) that 1s distinct and/or separate from frequency or channel
used by the serving access point 104, e¢.g., a separate uplink channel from the
neighboring devices 106 and 108 to the target mobile device 102, in order to transmit to
the target mobile device 102. In one implementation, the retransmission time/frequency
resources used for the relay signals 312 and 314 may be requested or pre-allocated.
[0045] According to one feature, the access point 104 may be aware of the
neighboring device 106 and 108 relaying feature and may time/synchronize its own
retransmission 310 to coincide with such relay signals 312 and 314 to improve SFN
performance. In one mmplementation, the relay signals 312 and 314 may be relayed
after the expiration of a threshold period of time.

[0046] In onc example, the target mobile device 102 may send a request for re-
transmission from the neighboring devices 106 and 108 or from the serving access point
104 by using a local negative acknowledgment (NAK) message. In one example, the

request for retransmission may be sent to the serving access point 104, which may then



CA 029b359%6 2016-12-22

WO 2016/022314 PCT/US2015/042174

command neighboring devices 106 and 108 to relay the previously captured
transmission to the target mobile device 102.

[0047] When the serving access point 104 commands neighboring devices 106 and
108 to relay signals, a few embodiments are possible. For example, the serving access
point 104 may ask all the devices 1n the cell or region to relay signals, and may allocate
a specific time and frequency channel resource for the relay transmissions. As another
example, the access point 104 may ask a subset of the devices to relay. Prior to that, the
serving access point 104 may acquire the knowledge of what devices are close to (1.e.,
neighboring) the target mobile device 102. For example, there may be a discovery time
period 1n which devices discover nearby devices. The neighboring devices A 106 and B
108 may report to the serving access point 104 that they are close to the target mobile
device 102 such that when the access point 104 needs assistance, it selects neighboring
devices A 106 and B 108 to relay signals to.

[0048] In various implementations, the target mobile device 102 may be within a
coverage region of the serving access point 104 or out of the coverage region of the
serving access point 104.

[0049] FIG. 4 illustrates three downlink relaying scenarios.

[0050] In a first downlink relaying scenario 402, the neighboring devices 408 relay a
transmission 414 intended for the target mobile device 410 as soon as 1t 1s able to
decode the transmission and 1s able to identify its recipient (e.g., decode and forward
operation).

[0051] In a second downlink relaying scenario 404, the neighboring devices 408 relay
a transmission 416 intended for the target mobile device 410 after 1t has received an
indicator (NAK) 418 that a retransmission 18 desired. Note that the serving access point
412 may also send a retransmission 420 upon receipt of the indicator (NAK).

[0052] In a third downlink relaying scenario 406, the target mobile device 410 may
send a local indicator (NAK) 422 to seck retransmissions 426 from local or neighboring
devices first. The target mobile device 410 may send a second indicator (WAN NAK)
428 to seck retransmissions 430 from the serving access point 412. The second
indicator 428 sent from the target mobile device 410 may be triggered by the
transmission of interference 424 to the target mobile device 410 from the serving access
point 412.

[0053] In an alternative fourth scenario (not shown), the neighboring devices need not

proactively decode every transmission that i1s intended for the target mobile device.
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Instead, the serving access point may first transmit to the target mobile device 1n a
unicast manner, ¢.g., using a regular unicast identifier. Then, when downlink assistance
1s used for the target mobile device, e.g., because of a failed transmission, the serving
access point may indicate to all neighboring devices to receive and decode some
specific transmission, e€.g., using a special grant identifier. The neighboring devices will
decode the transmission from the serving access point and relay to the target mobile
device only upon receiving the indication from the serving access point.

[0054] FIG. 5 1illustrates an exemplary method 500 operational on at least one
neighboring device (e.g., devices 106 or 108 of FIGS. 1-3) for downlink transmission
assistance for a target device.

[0055] The at least one neighboring device monitors a shared asynchronous first
channel for broadcast transmissions from a serving access point 502. The at least one
neighboring device may then determine 1f a received first transmission over the shared
asynchronous first channel 1s intended for the target device 504. The received first
transmission may then be relayed, after the expiration of a threshold period of time, to
the target device over the shared asynchronous first channel or a different second
channel 506.

[0056] In one example, the shared asynchronous first channel and the second channel
are established over different non-overlapping frequency spectrumes.

[0057] In another example, the shared asynchronous first channel 1s coextensive with
the second channel.

[0058] In yet another example, the threshold period of time 1s synchronous with
respect to reception of the first transmission. That 1s, both the threshold period of time
and the reception of the first transmission are governed by the same clock.

[0059] In yet another example, the method also includes capturing and decoding the
received first transmission. In yet another example, the method also includes
automatically relaying the received first transmission after a decoding delay.

[0060] In yet another example, the received first transmission 1s relayed only if a
failure indicator 1s received from the target device.

[0061] In yet another example, the received first transmission may be relayed in
synchronicity with an expected retransmission from the serving access point.

[0062] In yet another example, the first channel uses a first frequency spectrum, a first

communication protocol and/or a first modulation-and-coding scheme.
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[0063] In yet another example, the method also includes receiving a message from the
target device over the second channel indicating that a retransmission of the received
first transmission 18 desired over the second channel, wherein the second channel uses a
second frequency spectrum, a second communication protocol, and/or a second
modulation-and-coding scheme, distinct from the first channel.

[0064] In yet another example, the received first transmission 1s relayed within an
expected transmission time interval of transmissions over the first channel.

[0065] In yet another example, the first transmission 1s relayed regardless of channel
conditions for the first channel and/or the second channel.

[0066] In yet another example, the first channel 1s shared for all broadcast
transmissions from the serving access point.

Exemplary Uplink Device-to-Device Assistance

[0067] FIG. 6 1s a block diagram illustrating uplink assistance in the exemplary
wireless network 100 in which neighboring devices capture transmissions from the
target mobile device 102 mtended for the serving access point 104. An uplink
transmission 610 (610a, 610b, 610c) may be sent by the target mobile device 102 to the
intended recipient, the serving access point 104. The uplink transmission 610 (610a,
610b, 610¢c) may be for broadcast, control, or data transmissions. Only part 610a of the
uplink transmission 610 may be completely transmitted from the target mobile device
102 to the serving access point 104. This part 610a may not be completely transmitted
from the target mobile device 102 to the serving access point 104 during a decoding
failure.

[0068] FIGS. 6 and 7 1illustrate a first relaying scheme where the serving access point
104 1s aware of the relaying functionality of the neighboring devices 106 and 108. The
serving access point 104 may pre-allocate additional time resources for the neighboring
devices 106, 108 to forward messages from the target mobile device 102 to the serving
access point 104. Alternatively, upon a decode failure at the serving access point 104,
the serving access point 104 may request at least the neighboring devices 106 and 108
to respectively relay at least relay signals 712 and 714 (FIG. 7) representing the failed
transmission from the target mobile device 102. Here, all sender, sending devices, or
devices that send transmissions may use the same time and/or frequency resources to
form a local single frequency network.

[0069] Alternatively, the serving access point 104 may select a relay to be unicasted

(from among several nearby additional devices capable or able to relay a transmission).
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A first transmission from the target mobile device 102 may be sent to the neighboring
devices 106, 108 and to the serving access point 104 over a shared asynchronous first
channel for broadcast transmission. The serving access point pre-allocates an additional
time period to forward transmissions from the target mobile device 102, received by the
neighboring devices 106, 108, to the serving access point 104. If this first transmission
was not received by the serving access point 104, then the received first transmission
(by the neighboring devices 106, 108) may be relayed from the neighboring devices
106, 108 to the serving access point 104 over the shared asynchronous first channel or a
different second channel after the expiration of the pre-allocated time period.

[0070] FIGS. 8 and 9 1illustrate a second relaying scheme where the serving access
point 104 1s unaware of the relaying functionality of the neighboring devices. As
1llustrated 1n FIG. 8, the target mobile device 102 may send, on a local device-to-device
link, 1ts transmissions 810b and 810c¢ such that both the neighboring devices 106 and
108 receive the transmission prior to the target mobile device 102 sending 1t to the
serving access point 104. The transmissions 810b and 810¢ from the target mobile
device 102 may be sent only to the neighboring devices 106, 108 and not to the serving
access point 104 over a shared asynchronous first channel for broadcast transmission.
[0071] Then, as 1illustrated 1in FIG. 9, the target mobile device 102 and neighboring
devices 106 and 108 may simultancously broadcast the same transmission 910a, 910b,
and 910c to the serving access point 104. Accordingly, the transmissions 810b
and 810c may be simultaneously broadcast from the neighboring devices 106, 108 as
910b and 910c along with a third transmission 910a from the target mobile device 102
to the serving access point 104 over the shared asynchronous first channel or a different
second channel. The second transmissions 910b and 910c¢ (and previously 810b and
810c¢ 1n FIG. 8) and the third transmission 910a may be the same transmission.

[0072] FIG. 10 1llustrates three uplink relaying scenarios.

[0073] In a first uplink relaying scenario 1002, the neighboring devices 1008 capture a
transmission 1014 from the target mobile device 1010, decodes the transmission, and
automatically forwards/relays 1t as transmission 1016 to the serving access point 1012
(e.g., a decode and forward operation).

[0074] In a second uplink relaying scenario 1004, the target mobile device 1010 pre-
emptively sends 1ts transmission 1018 to the neighboring devices 1008 first.

Subsequently, after a decoding of the captured transmission 1018 by the neighboring
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devices, both the target mobile device and the neighboring devices simultaneously send
their transmissions 1020, 1022 to the serving access point 1012,

[0075] In a third uplink relaying scenario 1006, the serving access point 1012 may
send a failure mdicator (NAK) 1026 1n response to a transmission 1024 from the target
mobile device 1010. The failure indicator (NAK) may be received by at least the target
mobile device 1010. The failure indicator (NAK) may also be received by the
neighboring devices 1008. Upon detection of the failure indicator from the serving
access point 1012, the neighboring device 1008 may send the previously captured
transmission 1030 concurrent or simultancously with the retransmission 1028 from the
target mobile device 1010.

[0076] FIG. 11 illustrates an exemplary method 1100 operational on at least one
neighboring device (e.g., neighboring devices 106 and 108 of FIGS. 6-9) for uplink
transmission assistance for a serving access point.

[0077] The at least one neighboring device receives a first transmission from a target
device over a shared asynchronous first channel for broadcast transmissions, the first
transmission also being sent from the target device to the serving access point 1102.
The at least one neighboring device pre-allocates an additional time period with the
serving access point 1104. The at least one neighboring device determines 1f the first
transmission was not received by the serving access point 1106. The at least one
neighboring device relays, after the expiration of the pre-allocated additional time
period, the received first transmission to the serving access point over the shared
asynchronous first channel or a different second channel 1108.

[0078] In one example, the method also includes the at least one neighboring device
receiving a second transmission from the target device over the shared asynchronous
first channel for broadcast transmissions, the second transmission not being sent to the
serving access point. The method further includes simultaneously broadcasting, to the
serving access point, both the received second transmission from the at least one
neighboring device and a third transmission from the target device over the shared
asynchronous first channel or the different second channel, the second transmission and
the third transmission being the same transmission.

[0079] In another example, all devices that send transmissions use the same time

and/or frequency resources to form a local single frequency network.
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[0080] In yet another example, the serving access point selects the relaying of the
recerved first transmission to be unicasted from several nearby additional devices
capable of relaying transmissions.

[0081] In yet another example, the at least one neighboring device determines if the
first transmission was not recerved by the serving access point at 1106 by determining 1f
the serving access point sends a failure indicator (NAK) that 1s received by at least the
target device.

[0082] In one example, the shared asynchronous first channel and the second channel
are established over different non-overlapping frequency spectrums.

[0083] In another example, the shared asynchronous first channel 1s coextensive with
the second channel.

[0084] In yet another example, the threshold period of time 1s synchronous with
respect to reception of the first transmission.

[0085] In yet another example, the method also includes capturing and decoding the
received first transmission. In yet another example, the method also includes
automatically relaying the received first transmission after a decoding delay.

[0086] In yet another example, the received first transmission 1s relayed only if a
failure indicator 1s received from the serving access point.

[0087] In yet another example, the received first transmission may be relayed in
synchronicity with an expected retransmission from the target device.

[0088] In yet another example, the first channel uses a first frequency spectrum, a first
communication protocol and/or a first modulation-and-coding scheme.

[0089] In yet another example, the method also includes receirving a message from the
serving access point over the second channel indicating that a retransmission of the
received first transmission 1s desired over the second channel, wherein the second
channel uses a second frequency spectrum, a second communication protocol, and/or a
second modulation-and-coding scheme, distinct from the first channel.

[0090] In yet another example, the received first transmission 18 relayed within an
expected transmission time interval of transmissions over the first channel.

[0091] In yet another example, the first transmission 1s relayed regardless of channel
conditions for the first channel and/or the second channel.

[0092] In yet another example, the first channel 1s shared for all broadcast
transmissions from the target device.

Exemplary Relaying While Exploiting Timeline Ditferences
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[0093] FIG. 12 illustrates a downlink assist scheme 1n which relay transmissions from
neighboring devices 1204 may be efficiently sought prior to requesting retransmission
from a serving access point 1208. This approach takes advantage of two different links:
a first link 1210 between the target mobile device 1206 and the serving access point
1208 and a second link 1212 between the target mobile device 1206 and the neighboring
(relay) devices 1204. That 1s, the second link 1212 may use a different spectrum,
protocol, and/or modulation-and-coding scheme for relaying transmissions from the
neighboring devices 1204 to the target mobile device 1206 than the first link 1210 used
for transmissions between the serving access point 1208 and target mobile device 1206.

[0094] A downlink relay scheme 1202 provides for the first link 1210, having a first
frequency spectrum (e.g., a wide area network or WAN), first communication protocol,
and/or first modulation-and-coding scheme, to be used for transmissions between the
serving access point 1208 and the target mobile device 1206. The second link 1212,
having a second frequency spectrum (e.g., wireless local areca network or WLAN),
second communication protocol and/or second modulation-and-coding scheme, may be
used for relaying between the neighboring devices 1204 and the target mobile device
1206. The first link 1210 may have narrower bandwidth with longer delay relative to the
second link 1212 which may have a wider bandwidth and shorter delay. In one
example, the first link 1210 may be a 5G WLAN while the second link 1212, different
than the first link 1210, may be a 5G WAN. In another example, the first link 1210 may
be a Long Term Evolution or LTE link while the second link 1212 may be a WiF1 link.

[0095] When the serving access point transmits downlink 1214 over the first link 1210
(c.g., WAN) to the target mobile device 1206, the downlink transmission 1216 1s also
captured by the neighboring devices 1204. If the target mobile device 1206 cannot
decode the downlink transmission 1214 or detects errors in the received downlink
transmission 1214, 1t may use the second link 1212 (e.g., WLAN) to communicate with
nearby or neighboring devices 1204 to request a local retransmission 1220 before
secking a retransmission 1224 from the serving access point 1208. For instance, the
target mobile device 1206 may send a local NAK message 1218 (e.g., device-to-device)
over the second link 1212. This transmission may act as a request for nearby or
neighboring devices 1204 recerving the NAK message 1218 to forward or relay the
previous transmission 1220 intended for the target mobile device 1206 (1f they received
such previous transmission and were able to decode 1t). Upon receipt of such local

NAK message 1218, any nearby or neighboring device 1204 that has captured and
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decoded the previous message requested by the target mobile device 1206 may relay i1t
via the second link 1212 (e.g., WLAN).

[0096] In onc example, transmissions via the second link 1212 may have a shorter
transmission time interval (TTI) than the transmissions over the first link 1210.
Consequently, the cooperative approach discussed herein can provide for ultra-reliable
communication without burdening the network.

[0097] Additionally, transmissions over the first link 1210 between the serving access
point 1208 and the target mobile device 1206 may utilize a first modulation-and-coding
scheme (MCS) while relay transmissions over the second link 1212 between the
neighboring device(s) 1204 and target mobile device 1206 may use a second MCS that
has higher modulation and/or coding than the first MCS. Consequently, the target
mobile device 1206 may be able to request and obtain a relay transmission from a
neighboring device 1204 over the second link 1212 prior to the expiration of a time
interval of the first link 1210 by which target mobile device 1206 needs to send a NAK
message 1222 to the serving access point 1208.

[0098] If the target mobile device 1206 1s able to correctly receive the relayed
transmission from a neighboring device 1204 over the second link 1212, 1t may not need
to send a NAK message 1222 to the serving access point 1208 over the first link 1210.
In one example, the first link 1210 (e.g., first communication protocol) may specity a
TTI of approximately 1 millisecond while the second link 1212 (e.g., second
communication protocol) may be able to transmit a packet in under 100 microseconds.
Therefore, relay transmissions from the nearby or neighboring devices 1204 may be
sought and received using the second link 1212 within the TTI for the first link 1210.
The second link 1212 may have a shorter transmission time interval (TTI) than the
transmissions over the first link 1210.

[0099] This approach of using distinct types of links may be applied to all uplink and
downlink transmission schemes discussed herein.

[00100] FIG. 13 1s a block diagram illustrating a wireless communication device 1302.
The wireless communication device 1302 may include a processing circuit 1304
coupled to a wireless communication circuit 1306, a memory/storage device 1310, a
user mput circuit(s) 1322 and a display circuit(s) 1326. The wireless communication
circuit 1306 may facilitate wireless communications over two or more distinct wireless

networks 1308 or wireless communication devices, such as the target device, other
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neighboring devices or the serving access point. The wireless communication device
1302 may be a mobile device, or user device, or user equipment (UE), for example.
[00101] The processing circuit 1304 may include or implement an asynchronous
channel monitoring module/circuit 1314 that permits the wireless communication
device 1302 to monitor a shared asynchronous first channel for broadcast transmissions
from a serving access point.

[00102] The processing circuit 1304 may also include or implement a transmission
analysis module/circuit 1316 that permits the wireless communication device 1302 to
analyze or determine 1f a recerved first transmission over the shared asynchronous first
channel 1s intended for a target device.

[00103] The processing circuit 1304 may also include or implement a transmission
relaying module/circuit 1318 that permits the wireless communication device 1302 to
relay, after the expiration of a threshold period of time, the received first transmission to
the target device over the shared asynchronous first channel or a different second
channel.

[00104] The wireless communication device 1302 also contains a memory/storage
device 1310, which stores channel data 1312 and transmission data 1320. The channel
data 1312 allows the wireless communication device 1302 to know which channel to
monitor for intended transmissions and which channel to relay transmissions over. The
transmission data 1320 allows the wireless communication device 1302 to know which
broadcast transmissions to monitor a channel for, whether a received first transmission
1s intended for a target device and data necessary for relaying transmissions.

[00105] The user mput circuit(s) 1322 interface with, and may be coupled to an
external user mput device 1324, and the display circuit(s) 1326 interface with, and may
be coupled to an external display output device 1328. In addition to taking input from
the user mput device 1324, the user mput circuit(s) 1322 may also provide output
controls via an interactive display, such as a touch screen or other external hardware that
the user can view. Likewise, 1in addition to displaying visual output in a graphical user
interface (GUI) or other user interface (UI), the display circuit(s) 1326 may also provide
user mput options via interactive display components such as touch screens or other
interactive external hardware that the user can use.

[00106] FIG. 14 1s a block diagram 1illustrating a network communication device 1402.
The network communication device 1402 may include a processing circuit 1404

coupled to a wireless communication circuit 1406, a network communication circuit
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1420, and a memory/storage device 1410. The wireless communication circuit 1406
may facilitate wireless communications over two or more distinct wireless networks
1408 or wireless communication devices, such as the neighboring devices, the target
device or any other serving access points. The network communication circuit 1420
may facilitate data communications to and/or from at least one core network 1422. The
network communication device 1402 may be a network node, an access point, or an
¢NB (Evolved Universal Terrestrial Radio Access Network (E-UTRAN) Node B, or
evolved Node B), for example.

[00107] The processing circuit 1404 may include or implement a transmission
reception module/circuit 1414 that permits the network communication device 1402 to
receive a first transmission from a target device over a shared asynchronous first
channel for broadcast transmissions, the first transmission also being sent from the
target device to the serving access point. The first transmission reception module/circuit
1414 also permits the network communication device 1402 to receive a second
transmission from the target device over the shared asynchronous first channel for
broadcast transmissions, the second transmission not being sent to the serving access
point.

[00108] The processing circuit 1404 may also include or implement a time period pre-
allocation module/circuit 1416 that permits the network communication device 1402 to
pre-allocate an additional time period with the serving access point.

[00109] The processing circuit 1404 may also include or implement a transmission
analysis module/circuit 1418 that permits the network communication device 1402 to
analyze or determine 1f the first transmission did not get received by the serving access
point.

[00110] The processing circuit 1404 may also include or implement a transmission
relaying module/circuit 1424 that permits the network communication device 1402 to
relay, after the expiration of the pre-allocated additional time period, the received first
transmission to the serving access point over the shared asynchronous first channel or a
different second channel. The transmission relaying module/circuit 1424 also permits
the network communication device 1402 to simultancously broadcast, to the serving
access point, both the received second transmission and a third transmission from the
target device over the shared asynchronous first channel or the different second channel,

the second transmission and the third transmission being the same transmission.
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[00111] The network communication device 1402 also contains a memory/storage
device 1410, which stores channel data 1412 and transmission data 1426. The channel
data 1412 allows the network communication device 1402 to know which channel a
transmission was received from. The channel data 1412 also stores necessary data
about transmissions occurring over channels. The transmission data 1426 allows the
network communication device 1402 to know 1f a transmission has been received and
where that transmission was sent from. The transmission data 1426 also stores data
necessary for relaying a transmission.

[00112] FIG. 15 1s a block diagram 1llustrating an example of a communication circuit
1500 (e.g., wireless communication circuits 1306 and 1406 and network communication
circuit 1420) of the devices 1302 and 1402 of FIGs. 13 and 14, respectively. For
simplicity, even though the communication circuit represents both a wireless
communication circuit and a network communication circuit, 1t will be reterred to as the
communication circuit 1500 in FIG. 15, or a combined communication circuit 1500. In
the example of FIG. 15, at least one transceiver chain may be implemented. In this
case, two transceiver chains that can be concurrently active are shown and implemented.
A first transceiver chain may include a first radio frequency (RF) processor 1504 and a
first RF front end interface 1510. A second transceiver chain may include a second RF
processor 1506 and a second RF front end interface 1512. Furthermore, the first and
second RF processor 1504 and 1506 may be coupled to the first RF front end interface
1510 and the second RF front end interface 1512, respectively. Both the first and second
RF processors 1504 and 1506 may be coupled to a modem processor 1508. The modem
processor 1508 transmits a first transmitted signal 1514 to the first RF processor 1504
and a second transmitted signal 1518 to the second RF processor 1506. The modem
processor 1508 also receives a first received signal 1516 from the first RF processor
1504 and a second received signal 1522 from the second RF processor 1506. The
to/from processing circuit arca 1502 leads from the modem processor 1508 to the
processing circuits 1304 and 1404 of the wireless communication device 1302 and the
network communication device 1402 from FIGs. 13 and 14, respectively, for example.
The antennae from the first RF front end interface 1510 and the second RF front end
intertace 1512 lead to/from wireless networks, wireless communication devices and
core networks 1520.

[00113] One or more of the components, steps, features and/or functions 1illustrated in

the FIGS. may be rearranged and/or combined 1nto a single component, step, feature or
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function or embodied 1n several components, steps, or functions. Additional elements,
components, steps, and/or functions may also be added without departing from novel
features disclosed herein. The apparatus, devices, and/or components 1llustrated in the
FIGS. may be configured to perform one or more of the methods, features, or steps
described 1n the FIGS. The novel algorithms described herein may also be efficiently
implemented 1n software and/or embedded in hardware.

[00114] Also, 1t 1s noted that the embodiments may be described as a process that 1s
depicted as a flowchart, a flow diagram, a structure diagram, or a block diagram.
Although a flowchart may describe the operations as a sequential process, many of the
operations can be performed in parallel or concurrently. In addition, the order of the
operations may be re-arranged. A process 1s terminated when i1ts operations are
completed. A process may correspond to a method, a function, a procedure, a
subroutine, a subprogram, etc. When a process corresponds to a function, its
termination corresponds to a return of the function to the calling function or the main
function.

[00115] Morcover, a storage medium may represent one or more devices for storing
data, including read-only memory (ROM), random access memory (RAM), magnetic
disk storage mediums, optical storage mediums, flash memory devices and/or other
machine-readable mediums, processor-readable mediums, and/or computer-readable
mediums for storing information. The terms “machine-readable medium™, “computer-
readable medium”, and/or “processor-readable medium” may include, but are not
limited to non-transitory mediums such as portable or fixed storage devices, optical
storage devices, and various other mediums capable of storing, containing or carrying
instruction(s) and/or data. Thus, the various methods described herein may be fully or
partially implemented by instructions and/or data that may be stored in a “machine-
readable medium”, “computer-readable medium”, and/or “processor-readable medium”
and executed by one or more processors, machines and/or devices.

[00116] Furthermore, embodiments may be implemented by hardware, software,
firmware, middleware, microcode, or any combination thercof. When implemented in
software, firmware, middleware or microcode, the program code or code segments to
perform the necessary tasks may be stored in a machine-readable medium such as a
storage medium or other storage(s). A processor may perform the necessary tasks. A

code segment may represent a procedure, a function, a subprogram, a program, a

routine, a subroutine, a module, a software package, a class, or any combination of
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instructions, data structures, or program statements. A code segment may be coupled to
another code segment or a hardware circuit by passing and/or receiving information,
data, arguments, parameters, or memory contents. Information, arguments, parameters,
data, etc. may be passed, forwarded, or transmitted via any suitable means including
memory sharing, message passing, token passing, network transmission, etc.

[00117] The various 1llustrative logical blocks, modules, circuits, elements, and/or
components described in connection with the examples disclosed herein may be
implemented or performed with a general purpose processor, a digital signal processor
(DSP), an application specific itegrated circuit (ASIC), a field programmable gate
array (FPGA) or other programmable logic component, discrete gate or transistor logic,
discrete hardware components, or any combination thercof designed to perform the
functions described herein. A general purpose processor may be a microprocessor, but
in the alternative, the processor may be any conventional processor, controller,
microcontroller, or state machine. A processor may also be mmplemented as a
combination of computing components, ¢.g., a combination of a DSP and a
microprocessor, a number of microprocessors, on¢ or more miCroprocessors in
conjunction with a DSP core, or any other such configuration.

[00118] The methods or algorithms described in connection with the examples
disclosed herein may be embodied directly in hardware, in a software module
executable by a processor, or in a combination of both, in the form of processing unit,
programming instructions, or other directions, and may be contained 1n a single device
or distributed across a plurality of devices. A software module may reside in RAM
memory, flash memory, ROM memory, EPROM memory, EEPROM memory,
registers, hard disk, a removable disk, a CD-ROM, or any other form of storage medium
known 1n the art. A storage medium may be coupled to the processor such that the
processor can read information from, and write information to, the storage medium. In
the alternative, the storage medium may be integral to the processor.

[00119] Those of skill in the art would further appreciate that the various illustrative
logical blocks, modules, circuits, and algorithm steps described 1n connection with the
embodiments disclosed herein may be implemented as electronic hardware, computer
software, or combinations of both. To clearly illustrate this interchangeability of
hardware and software, various 1llustrative components, blocks, modules, circuits, and

steps have been described above generally in terms of their functionality. Whether such
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functionality 1s implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system.

[00120] The various features of the invention described herein can be implemented 1n
different systems without departing from the invention. It should be noted that the
foregoing embodiments are merely examples and are not to be construed as limiting the
invention. The description of the embodiments 1s mtended to be illustrative, and not to
limit the scope of the claims. As such, the present teachings can be readily applied to
other types of apparatuses and many alternatives, modifications, and variations will be

apparent to those skilled 1n the art.
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1. A method operational on at least one neighboring device for downlink

transmission assistance for a target device, comprising:

monitoring a shared asynchronous first channel for broadcast transmissions from
a Serving access point;

determining 1f a received first transmission over the shared asynchronous first
channel 1s intended for the target device; and

relaying, after an expiration of a threshold period of time, the recerved first
transmission to the target device over the shared asynchronous first channel or a

different second channel.

2. The method of claim 1, wherein the shared asynchronous first channel and the

second channel are established over different non-overlapping frequency spectrums.

3. The method of claim 1, wherein the shared asynchronous first channel 1s

coextensive with the second channel.

4. The method of claim 1, wherein the threshold period of time 1s synchronous with

respect to reception of the first transmission.

5. The method of claim 1, further comprising:

capturing and decoding the received first transmission.

0. The method of claim 1, further comprising:

automatically relaying the recerved first transmission after a decoding delay.

7. The method of claim 1, wherein the received first transmission 1s relayed only 1f

a failure indicator 1s received from the target device.

3. The method of claim 1, wherein the received first transmission 1s relayed in

synchronicity with an expected retransmission from the serving access point.
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9. The method of claim 1, wherein the first channel uses a first frequency spectrum,

a first communication protocol, and/or a first modulation-and-coding scheme.

10. The method of claim 9, further comprising:

receiving a message from the target device over the second channel indicating
that a retransmission of the received first transmission 1s desired over the second
channel, wherein the second channel uses a second frequency spectrum, a second
communication protocol, and/or a second modulation-and-coding scheme, distinct from

the first channel.

11.  The method of claim 9, wherein the received first transmission 1s relayed within

an expected transmission time interval of transmissions over the first channel.

12. The method of claim 1, wherein the first transmission 1s relayed regardless of

channel conditions for the tirst channel and/or the second channel.

13. The method of claim 1, wherein the first channel 1s shared for all broadcast

transmissions from the serving access point.

14. A wireless communication device, comprising:
a wireless communication circuit adapted for communications with at least one
wireless network and other wireless devices;
a processing circuit coupled to the wireless communication circuit for downlink
communication assistance, the processing circuit configured to:
monitor a shared asynchronous first channel for broadcast transmissions
from a serving access point;
determine 1f a received first transmission over the shared asynchronous
first channel 1s intended for a target device; and
after an expiration of a threshold period of time, relay, via the wireless
communication circuit, the received first transmission to the target device over

the shared asynchronous first channel or a different second channel.

15. The wireless communication device of claim 14 further comprising:

a storage device including channel data and transmission data.
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16.  The wireless communication device of claim 14 further comprising:
a user mput circuit coupled to an external user input device; and

a display circuit coupled to an external display output device.

17.  The wireless communication device of claim 16, wherein the user input circuit
takes input and also provides output via the external user input device and the display

circuit displays output and provides input via the external display output device.

18. The wireless communication device of claim 14, wherein the wireless
communication circuit comprises:
at least one transceiver chain; and

a modem processor coupled to the processing circuit.

19. The wireless communication device of claim 18, wherein the at least one
transceiver chain comprises:

a first transceiver chain including a first radio frequency (RF) front end interface
and a first RF processor, the first RF front end interface being coupled to the first RF
processor; and

a second transceiver chain including a second RF front end interface and a
second RF processor, the second RF front end interface being coupled to the second RF
processor, the first and second RF front end interfaces communicating with the at least

one wireless network and the other wireless devices.

20.  The wireless communication device of claim 19, wherein the modem processor
sends a first transmitted signal to the first RF processor and a second transmitted signal
to the second RF processor, and also receives a first recerved signal from the first RF

processor and a second received signal from the second RF processor.

21.  An apparatus operational on at least one neighboring device for downlink
transmission assistance for a target device, comprising:
means for monitoring a shared asynchronous first channel for broadcast

transmissions from a serving access point;
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means for determining 1f a recerved first transmission over the shared
asynchronous first channel 1s intended for the target device; and

means for relaying, after an expiration of a threshold period of time, the received
first transmission to the target device over the shared asynchronous first channel or a

ditferent second channel.

22.  The apparatus of claim 21, wherein the shared asynchronous first channel and

the second channel are established over different non-overlapping frequency spectrumes.

23.  The apparatus of claim 21, wherein the shared asynchronous first channel 1s

coextensive with the second channel.

24, The apparatus of claim 21, wherein the threshold period of time 1s synchronous

with respect to reception of the first transmission.

25.  The apparatus of claim 21, further comprising:

means for capturing and decoding the received first transmission.

26. The apparatus of claim 21, further comprising:
means for automatically relaying the received first transmission after a decoding

delay.

27. The apparatus of claim 21, wherein the received first transmission 1s relayed

only 1f a failure indicator 1s received from the target device.

238. The apparatus of claim 21, wherein the received first transmission 1s relayed in

synchronicity with an expected retransmission from the serving access point.

29.  The apparatus of claim 21, wherein the first channel uses a first frequency

spectrum, a first communication protocol, and/or a first modulation-and-coding scheme.

30. The apparatus of claim 29, further comprising:
means for recerving a message from the target device over the second channel

indicating that a retransmission of the received first transmission 1s desired over the
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second channel, wherein the second channel uses a second frequency spectrum, a
second communication protocol, and/or a second modulation-and-coding scheme,

distinct from the first channel.

31.  The apparatus of claim 29, wherein the received first transmission 1s relayed

within an expected transmission time interval of transmissions over the first channel.

32. The apparatus of claim 21, wherein the first transmission 1s relayed regardless of

channel conditions for the tirst channel and/or the second channel.

33. The apparatus of claim 21, wherein the first channel 1s shared for all broadcast

transmissions from the serving access point.

34. A non-transitory computer-readable storage medium having instructions stored
thereon operational on at least one neighboring device for downlink transmission
assistance for a target device, the instructions which when executed by at least one
processor cause the processor to:

monitor a shared asynchronous first channel for broadcast transmissions from a
serving access point;

determine 1f a recerved first transmission over the shared asynchronous first
channel 1s intended for a target device; and

after an expiration of a threshold period of time, relay the recerved first
transmission to the target device over the shared asynchronous first channel or a

ditferent second channel.

33. The non-transitory computer-readable storage medium of claim 34, wherein the
shared asynchronous first channel and the second channel are established over different

non-overlapping frequency spectrums.

36. The non-transitory computer-readable storage medium of claim 34, wherein the

shared asynchronous first channel 1s coextensive with the second channel.
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37. The non-transitory computer-readable storage medium of claim 34, wherein the
threshold period of time 1s synchronous with respect to reception of the first

transmission.

38. The non-transitory computer-readable storage medium of claim 34, wherein the
instructions which when executed by the at least one processor further causes the
processor to:

capture and decode the received first transmission.

39.  The non-transitory computer-readable storage medium of claim 34, wherein the
instructions which when executed by the at least one processor further causes the
processor to:

automatically relay the received first transmission after a decoding delay.

40. The non-transitory computer-readable storage medium of claim 34, wherein the
recetved first transmission 1s relayed only 1f a failure indicator 1s received from the

target device.

41.  The non-transitory computer-readable storage medium of claim 34, wherein the
recetved first transmission 1s relayed in synchronicity with an expected retransmission

from the serving access point.

42.  The non-transitory computer-readable storage medium of claim 34, wherein the
first channel uses a first frequency spectrum, a first communication protocol, and/or a

first modulation-and-coding scheme.

43.  The non-transitory computer-readable storage medium of claim 42, wherein the
instructions which when executed by the at least one processor further causes the
processor to:

receive a message from the target device over the second channel indicating that
a retransmission of the received first transmission 1s desired over the second channel,
wherein the second channel uses a second frequency spectrum, a second communication
protocol, and/or a second modulation-and-coding scheme, distinct from the first

channel.
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44, The non-transitory computer-readable storage medium of claim 42, wherein the
received first transmission 1s relayed within an expected transmission time interval of

transmissions over the tirst channel.

45. The non-transitory computer-readable storage medium of claim 34, wherein the
first transmission 1s relayed regardless of channel conditions for the first channel and/or

the second channel.

46. The non-transitory computer-readable storage medium of claim 34, wherein the

first channel 1s shared for all broadcast transmissions from the serving access point.

47. A method operational on at least one neighboring device for uplink transmission
assistance for a serving access point, comprising:

recerving a first transmission from a target device over a shared asynchronous
first channel for broadcast transmissions, the first transmission also being sent from the
target device to the serving access point;

pre-allocating an additional time period with the serving access point;

determining 1f the first transmission was not received by the serving access
point; and

relaying, after an expiration of the pre-allocated additional time period, the
recerved first transmission to the serving access point over the shared asynchronous first

channel or a different second channel.

48.  The method of claim 47, further comprising:

recerving a second transmission from the target device over the shared
asynchronous first channel for broadcast transmissions, the second transmission not
being sent to the serving access point; and

stmultancously broadcasting, to the serving access point, both the received
second transmission and a third transmission from the target device over the shared
asynchronous first channel or the different second channel, the second transmission and

the third transmission being the same transmission.
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49. The method of claim 47, wherein all devices that send transmissions use the

same time and/or frequency resources to form a local single frequency network.

50. The method of claim 47, wherein the serving access point selects the relaying of
the recerved first transmission to be unicasted from several nearby additional devices

capable of relaying transmissions.

51.  The method of claim 47, wherein determining if the first transmission was not
received by the serving access point comprises determining if the serving access point

sends a failure indicator (NAK) that 18 received by at least the target device.

52. A network communication device, comprising:
a wireless communication circuit adapted for communications with at least one
wireless network and other wireless devices;
a network communication circuit adapted for communications with at least one
core network;
a processing circuit coupled to the wireless communication circuit for uplink
communication assistance, the processing circuit configured to:
recerve a first transmission from a target device over a shared
asynchronous first channel for broadcast transmissions, the first transmission
also being sent from the target device to a serving access point;
pre-allocate an additional time period with the serving access point;
determine 1f the first transmission was not received by the serving access
point; and
relay, after an expiration of the pre-allocated additional time period, the
recelved first transmission to the serving access point over the shared

asynchronous first channel or a different second channel.

53. The network communication device of claim 52, wherein the network
communication circuit and the wireless communication circuit form a combined

communication circuit.
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54. The network communication device of claim 53, wherein the combined
communication circuit comprises:
at least one transceiver chain; and

a modem processor coupled to the processing circuit.

55. The network communication device of claim 54, wherein the at least one
transceiver chain comprises:

a first transcerver chain including a first radio frequency (RF) front end interface
and a first RF processor, the first RF front end interface being coupled to the first RF
processor; and

a second transceiver chain including a second RF front end interface and a
second RF processor, the second RF front end interface being coupled to the second RF
processor, the first and second RF front end interfaces communicating with the at least

one core network, the at least one wireless network and/or the other wireless devices.

56. The network communication device of claim 55, wherein the modem processor
sends a first transmitted signal to the first RF processor and a second transmitted signal
to the second RF processor, and also receives a first received signal from the first RF

processor and a second received signal from the second RF processor.

57.  An apparatus operational on at least one neighboring device for uplink
transmission assistance for a serving access point, comprising:

means for receiving a first transmission from a target device over a shared
asynchronous first channel for broadcast transmissions, the first transmission also being
sent from the target device to the serving access point;

means for pre-allocating an additional time period with the serving access point;

means for determining 1f the first transmission was not received by the serving
access point; and

means for relaying, after an expiration of the pre-allocated additional time
period, the receirved first transmission to the serving access point over the shared

asynchronous first channel or a different second channel.
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58.  The apparatus of claim 57, further comprising:

means for recerving a second transmission from the target device over the shared
asynchronous first channel for broadcast transmissions, the second transmission not
being sent to the serving access point; and

means for simultaneously broadcasting, to the serving access point, both the
received second transmission and a third transmission from the target device over the
shared asynchronous first channel or the different second channel, the second

transmission and the third transmission being the same transmission.

59. The apparatus of claim 57, wherein all devices that send transmissions use the

same time and/or frequency resources to form a local single frequency network.

60.  The apparatus of claim 57, wherein the serving access point selects the relaying
of the recerved first transmission to be unicasted from several nearby additional devices

capable of relaying transmissions.

61.  The apparatus of claim 57, wherein the means for determining if the first
transmission was not received by the serving access point comprises means for
determining 1f the serving access point sends a failure indicator (NAK) that 1s received

by at lecast the target device.

62. A non-transitory computer-readable storage medium having instructions stored
thereon operational on at least one neighboring device for uplink transmission assistance
for a serving access point, the instructions which when executed by at least one
processor cause the processor to:

recerve a first transmission from a target device over a shared asynchronous first
channel for broadcast transmissions, the first transmission also being sent from the
target device to a serving access point;

pre-allocate an additional time period with the serving access point;

determine 1f the first transmission was not received by the serving access point;
and

relay, after an expiration of the pre-allocated additional time period, the recerved
first transmission to the serving access point over the shared asynchronous first channel

or a different second channel.
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63. The non-transitory computer-readable storage medium of claim 62, wherein the
instructions which when executed by the at least one processor further causes the

processor to:

receive a second transmission from the target device over the shared
asynchronous first channel for broadcast transmissions, the second transmission not
being sent to the serving access point; and

simultaneously broadcast, to the serving access point, both the received second
transmission and a third transmission from the target device over the shared
asynchronous first channel or the different second channel, the second transmission and

the third transmission being the same transmission.

64. The non-transitory computer-readable storage medium of claim 62, wherein all
devices that send transmissions use the same time and/or frequency resources to form a

local single frequency network.

65.  The non-transitory computer-readable storage medium of claim 62, wherein the
serving access point selects the relaying of the received first transmission to be

unicasted from several nearby additional devices capable of relaying transmissions.

66.  The non-transitory computer-readable storage medium of claim 62, wherein
determining 1f the first transmission was not received by the serving access point
comprises determining if the serving access point sends a failure indicator (NAK) that 1s

received by at least the target device.
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500

MONITOR A SHARED ASYNCHRONOUS FIRST CHANNEL
FOR BROADCAST TRANSMISSIONS FROM A SERVING
ACCESS POINT

DETERMINE IF A RECEIVED FIRST TRANSMISSION OVER
THE SHARED ASYNCHRONOUS FIRST CHANNEL IS

INTENDED FOR THE TARGET DEVICE

RELAY, AFTER AN EXPIRATION OF A THRESHOLD
PERIOD OF TIME, THE RECEIVED FIRST TRANSMISSION
TO THE TARGET DEVICE OVER THE FIRST CHANNEL OR

A DIFFERENT SECOND CHANNEL
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1100

RECEIVE A FIRST TRANSMISSION FROM A TARGET
DEVICE OVER A SHARED ASYNCHRONOUS FIRST 1102
CHANNEL FOR BROADCAST TRANSMISSIONS, THE FIRST

TRANSMISSION ALSO BEING SENT FROM THE TARGET
DEVICE TO THE SERVING ACCESS POINT

PRE-ALLOCATE AN ADDITIONAL TIME PERIOD WITH | —1104
THE SERVING ACCESS POINT

DETERMINE IF THE FIRST TRANSMISSION WAS 1106
NOT RECEIVED BY THE SERVING ACCESS POINT

RELAY, AFTER AN EXPIRATION OF THE PRE-
ALLOCATED ADDITIONAL TIME PERIOD, THE RECEIVED 1108
FIRST TRANSMISSION TO THE SERVING ACCESS POINT
OVER THE SHARED ASYNCHRONOUS FIRST CHANNEL
OR A DIFFERENT SECOND CHANNEL

FIG. 11
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