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(57) Abstract: Embodiments described herein relate generally to a communication between a user equipment (UE) and an evolved
nodeB (eNodeB) communicating over a 5G link. Data rate throughput may be increased when, after a 5G channel blockage occurs,
the UE may wait a determined amount of time to discover if the channel has opened before initiating a radio link failure ("RLF") and
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RADIO LINK FAILURE HANDLING IN HIGH-FREQUENCY BAND
NETWORKS

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional
Patent Application No. 62/312,307 entitled “RLF Handling in 5G Networks” and filed
March 23, 2016, the entire disclosure of which is incorporated herein by reference.

FIELD

Embodiments of the present disclosure relate generally to the field of wireless
communications, and more particularly, to computer devices operable to implement radio
link failure (RLF) in high-frequency band networks such as 5G networks.

BACKGROUND

The background description provided herein is for the purpose of generally
presenting the context of the disclosure. Work of the presently named inventors, to the
extent it is described in this background section, as well as aspects of the description that
may not otherwise qualify as prior art at the time of filing, are neither expressly nor
impliedly admitted as prior art against the present disclosure. Unless otherwise indicated
herein, the approaches described in this section are not prior art to the claims in the present
disclosure and are not admitted to be prior art by their inclusion in this section.

In high-frequency band networks, such as 5G networks as defined by 3GPP, the
number of devices using these networks is expected to rapidly multiply over the next few
years. One reason for the expected popularity is that, due to the high bandwidth that comes
with high-frequency bands, data rates supported by these devices will greatly increase. In
some cases the data rate is expected to increase more than 10 times. Along with this
increase in data rate, connected devices operating in high-frequency bands may be more
susceptible to connection blockages due to buildings and other obstructions as the devices
move around, which may interfere with a device data rate.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments of the disclosure are illustrated by way of example and not by
way of limitation in the figures of the accompanying drawings in which like references
indicate similar elements. It should be noted that references to “an” or “one” embodiment
of the disclosure are not necessarily to the same embodiment, and they may mean at least
one. It should also be noted that references to an “example” are references to non-limiting

examples, unless otherwise stated.
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FIG. 1 illustrates a block diagram depicting data communication between an
evolved NodeB (eNodeB) and a user equipment (UE) using both 5G and Long Term
Evolution (LTE), in accordance with various embodiments.

FIG. 2 is a block diagram illustrating a method for increasing data throughput in
response to 5G channel blockage by using a retransmission timer, in accordance with
various embodiments.

FIG. 3 is a block diagram illustrating a method for increasing data throughput in
response to 5G channel blockage by using a per-packet timer, in accordance with various
embodiments.

FIG. 4 is a block diagram illustrating a method for increasing data throughput in
response to 5G channel blockage by using a timer per radio link control (RLC) entity, in
accordance with various embodiments.

FIG. 5 is a block diagram illustrating a computing device adapted to operate in
alternative responses to 5G channel blockages, in accordance with various embodiments.

FIG. 6 illustrates an example computer-readable media that may be suitable for use
to store instructions that cause an apparatus, in response to execution of the instructions
by the apparatus, to practice selected aspects of the present disclosure.

DETAILED DESCRIPTION

In embodiments, some of the above-mentioned deficiencies of 5G networks may
be overcome if, when a blockage occurs, the device, or user equipment (“UE”), instead of
going into radio link failure (“RLF”) mode and going through an RLF recovery procedure,
instead stays in the radio resource control (“RRC”) connected mode (“RRC_Connected”)
and waits for the channel blockage to end. Once blockage is over, the data transmission
resumes on the 5G link again.

In embodiments, an evolved NodeB (“eNodeB”) and a UE may be equipped with
both conventional LTE as well as 5G links, each as separate/independent Radio Link
Control (“RLC”)/Medium Access Control (“MAC”) entities for each of the links. Both of
the links may be operational simultaneously in normal conditions except when a link, for
example, a 5G link, may be unavailable due to poor radio conditions. In one example of
data access, transferring a file using file transfer protocol (“FTP”) may be initiated from an
FTP server via an eNodeB to a UE using a high-frequency band 5G link as the
primary means of communication. In embodiments, if a temporary channel blockage over

the 5G link occurs, data transmission may then fall back on the slower but possibly more
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robust LTE link for the duration of the blockage without generating an RLF for the 5G
link, until the blockage over the 5G link is cleared.

Throughout this disclosure, a 5G link is used as an example of a high-speed link
that may be more susceptible to blockages, and an LTE link is used as an example of a
lower-speed link that may be less susceptible to blockages. However, other links or other
communication protocols may be used in other embodiments. For example, in some
embodiments, a high-frequency link, e.g., a link operating in the millimeter wave
(mmWave) band, may be an example of the higher-speed link, and a low-frequency link,
for example, a link operating in a band less than 5 GHz, may be an example of a lower-
speed link.

In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof wherein like numerals designate like parts throughout,
and in which is shown by way of illustration embodiments that may be practiced. It is to
be understood that other embodiments may be utilized and structural or logical changes
may be made without departing from the scope of the present disclosure. Therefore, the
following detailed description is not to be taken in a limiting sense, and the scope of
embodiments is defined by the appended claims and their equivalents.

Various operations may be described as multiple discrete actions or operations in
turn, in a manner that is most helpful in understanding the claimed subject matter.
However, the order of description should not be construed as to imply that these
operations are necessarily order dependent. In particular, these operations may not be
performed in the order of presentation. Operations described may be performed in a
different order than the described embodiment. Various additional operations may be
performed and/or described operations may be omitted in additional embodiments.

For the purposes of the present disclosure, the phrases “A or B” and “A and/or B”
means (A), (B), or (A and B). For the purposes of the present disclosure, the phrase “A, B,
and/or C” means (A), (B), (C), (A and B), (A and C), (B and C), or (A, B, and C).

The description may use the phrases “in an embodiment,” or “in embodiments,”
which may each refer to one or more of the same or different embodiments. Furthermore,
the terms “comprising,” “including,” “having,” and the like, as used with respect to
embodiments of the present disclosure, are synonymous.

As used herein, the terms “module” and/or “logic” may refer to, be part of, or

include an Application Specific Integrated Circuit (ASIC), an electronic circuit, a
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processor (shared, dedicated, or group), and/or memory (shared, dedicated, or group) that
execute one or more software or firmware programs, a combinational logic circuit, and/or
other suitable hardware components that provide the described functionality.

As used herein, the term “circuitry” may refer to, be part of, or include an ASIC,
an electronic circuit, a processor (shared, dedicated, or group), and/or memory (shared,
dedicated, or group) that execute one or more software or firmware
programs, a combinational logic circuit, and/or other suitable hardware components that
provide the described functionality. In some embodiments, circuitry may be implemented
in, or functions associated with the circuitry may be implemented by, one or more
software or firmware programs.

FIG. 1 illustrates a block diagram depicting data communication between an
eNodeB and UE, both using 5G and LTE links, in accordance with various embodiments.
Diagram 100 shows an eNodeB 102 in data communication with a UE 122, where both are
able to communicate using either an LTE protocol 152 or a 5G protocol 150. In
embodiments, the eNodeB 102 may include an application 104 that may generate and/or
receive data. In embodiments, the application 104 may be an Internet protocol (“IP”)-
based application that may run on the eNodeB 102 or may run on another device (not
shown) that is in communication with the eNodeB 102, for example, over an Ethernet-
based connection.

In embodiments, the application 104 may communicate data through a packet data
convergence protocol (PDCP) 106. At connection assessment point 108, the eNodeB 102
may determine if a 5G link 1s available with the UE 122. If the 5G link is available, then
the data may be transferred through the eNodeB 5G radio link control (RLC) layer 110a,
the 5G media access control (MAC) layer 112a, and/or the 5G physical layer 114a and
sent as packets over a 5G network to the UE 122. In embodiments, the packets may be
received by the UE 5G physical layer 134a, then sent to the UE 5G MAC layer 132a, and
then may be sent to the SG RLC layer 130a. In embodiments, the packets may then be sent
to the UE PDCP 126 for forwarding to the application 104.

If at the connection assessment point 108 the 5G link is not available, then the data
may be routed through a secondary connection between the eNodeB 102 and the UE 122,
such as an LTE protocol 152. This may be done without generating a radio link failure
(RLF) with respect to the 5G link. In embodiments, the data may be transferred through
the eNodeB LTE RLC layer 110b to the eNodeB LTE MAC layer 112b and/or the



10

15

20

25

30

WO 2017/164908 PCT/US2016/041610

eNodeB LTE physical layer 114b and sent as packets over the LTE protocol 152 to the UE
122. In embodiments, the packets may be received by the UE LTE physical layer 134b,
then sent to the UE LTE MAC layer 132b, and then may be sent to the LTE RLC layer
130b. In embodiments, the packets may then be sent to the UE PDCP 126 for forwarding
to the application 124.

In embodiments, the availability of a 5G link may be based upon a blockage of the
5G channel, and the duration of the blockage. A blockage may be due to an obstruction
between the UE 122 and the eNodeB 102 while the UE 122 is mobile, for example, a
mobile phone in a moving vehicle where the path of the moving vehicle temporarily
places a large building between the mobile phone and the eNodeB servicing it. In legacy
implementations, such a blockage may cause the UE 122 to go into radio link failure
(RLF) when the number of RLC retransmissions exceed the value of the number of
retransmissions threshold. In embodiments, 5G link blockages that occur for a relatively
short amount of time, for example, less than 10 milliseconds (“ms”), may see increased
data rates by not going into RLF, and instead waiting for the RLC retransmissions to
recover packets lost during the blockage.

In legacy implementations, during blocking conditions, when the RLC
retransmission counter exceeds the maximum retransmission threshold, the RLC indicates
to upper protocol layers that a maximum number of retransmissions has been reached, and
an RLF is declared and RLF recovery procedures invoked.

In 5G implementations, data rates may be significantly higher and the bandwidth
more fragile than LTE. For example, a UE operating in 5G, such as a cell phone in a
moving car, may declare a radio link failure too soon when it is possible that the 5G link
will recover very quickly as the UE moves past the obstruction causing the signal
blockage. There may be significant degradation in file transfer performance in high-
bandwidth data communication, when the high-bandwidth data communication link is
subjected to lengthy RLF recovery procedures that may not be needed.

In embodiments, the eNodeB may detect the link blockage based on missing RLC
status report (or performing polling on the status report) or through other means.
Alternatively the UE may detect a blockage in a 5G link and send a blockage indicator to
the LTE eNodeB. The LTE eNodeB can forward the indicator to the 4G/5G eNodeB and
keep the RRC link open without immediately declaring an RLF. The link blockage may
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recover after some time. If it does not, a process may be implemented for declaring RLF
and link recovery.

FIG. 2 is a block diagram illustrating a process for increasing data throughput in
response to 5G channel blockage by using a retransmission timer, in accordance with
various embodiments. The process 200 may be performed by a UE, for example, UE 122,
in accordance with various embodiments. In some embodiments, the UE may include one
or more non-transitory computer-readable media having instructions, stored thereon, that
when executed cause the UE to perform the process 200.

In embodiments, while executing process 200, while waiting for a 4G/5G blockage
to clear, the UE may switch to an LTE link. This may be accomplished by the UE
receiving an LTE signal from an LTE eNB, or based on a specification that after some
predefined time the UE should switch to an LTE link. If the blockage clears, the UE or
the eNB may detect the 5G link recovery and send a signal to the other device that
transmission should resume on the 5G link. In embodiments, the signal may be a 5G signal
to be sent to an eNodeB, for example, eNodeB 102. In embodiments, the signal may be an
uplink signal, where the UE may have uplink data or need to retransmit an RLC status
report.

At block 202, the process may start.

At block 206, a signal may be transmitted.

At block 208, a determination may be made over whether the transmission was
successful. If the transmission was successful, then at block 226 the process may end.

Otherwise, if the transmission was not successful, then at block 210 a
determination may be made over whether the signal has been retransmitted a threshold
value number of times. If the signal has not been retransmitted a threshold value number
of times, then the process may proceed to block 206 to retransmit the signal. In
embodiments, the retransmission threshold value may be a value that identifies the
maximum number of retransmission attempts before a delay may be imposed, for
example, through the setting of a timer, after which a retransmission may be re-attempted.

Otherwise, if the signal has been retransmitted the threshold value number of
times, then at block 212, the RRC may be maintained. This is different than in legacy
implementations where, at this point, an RLF may be generated and the RRC link broken.

At block 214, a timer may be started to expire at a timer expiration value. In

embodiments, the timer expiration value may be adjusted by the device, or by other
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devices to which the device may have been in communication. In embodiments, the timer
expiration value may be adjusted according to the frequency and the nature of the 5G
blockages. In embodiments, the timer may be referred to as an RLF_retx_timer. In
embodiments, the timer value may be configured by the eNodeB or fixed in a
specification, for example, the 3GPP specification for 5G. In embodiments, upon timer
expiration, the UE may declare RLF and may perform RLF recovery procedures following
the legacy specification. In embodiments, the UE may stop the timer when the blockage is
over and the 5G link 1s back up to normal.

At block 216, a determination may be made whether the timer has expired. If the
timer has expired, then at block 224 an RLF may be determined to have occurred and RLF
recovery procedures may be performed to establish an RRC link. The process may then
end at block 226.

Otherwise, if the timer has not expired, then at block 218 an attempt to retransmit
the signal may be made. In embodiments, the device may continue to check, over the open
RRC link, whether the blockage may have cleared.

At block 220, a determination may be made over whether the retransmission
attempt was successful. If the retransmission attempt was not successful, then the process
may proceed to block 216 to determine whether the timer has expired.

If the retransmission attempt was successful, then at block 222 the timer may be
stopped. The process may end at block 226.

FIG. 3 is a block diagram illustrating a method for increasing data throughput in
response to 5G channel blockage by using a per-packet timer, in accordance with various
embodiments. The process 300 may be performed by a device such as a UE, for example,
UE 122, in accordance with various embodiments. In some embodiments, the UE may
include one or more non-transitory computer-readable media having instructions, stored
thereon, that when executed cause the UE to perform the process 300.

In embodiments, the process 300 may introduce a new per-packet timer at the
beginning of the packet transmission via 4G/5G link. Since the retransmissions will also
fail if the channel is blocked, in this embodiment, the UE may delay the retransmission
instead so there is no waste of resources. The UE stops retransmission for any uplink data
or RLC status report when it detects link blockage. The UE will then
start RLC retx waiting timer for that packet. Upon the timer expiring or upon the

detection mechanism determining that the link blockage is over, the UE resumes the
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retransmission. However, when the RLC retransmission exceeds the maximum number of
retransmission threshold, the UE declares RLF.

At block 302, the process may start.

At block 304, the device may transmit or retransmit a packet. In embodiments, a
(re)transmission may occur over a 5G network link.

At block 305, a determination may be made whether the (re)transmission was
successful. If so, the process may end at block 322.

If the (re)transmission was not successful, at block 306, a determination may be
made whether an RLC retransmission threshold has been exceeded. If so, then at block
320 the device may determine that an RLF has occurred and perform RLF recovery
procedures to establish an RRC link. In embodiments, RLF recovery procedures may
involve applying a random access process to reestablish a connection. In embodiments, the
retransmission threshold value may be a value that identifies the maximum number of
retransmission attempts before a delay may be imposed, for example, through the setting
of a timer.

Otherwise, if the RLC retransmission threshold has not been exceeded, then at
block 310, a determination of whether a link blockage has been detected may be made. If
there has been no link blockage detected, then the process may proceed to step 304 and a
packet may be retransmitted.

At block 312, a timer may be started that expires at a timer expiration value. In
embodiments, the timer may be referred to as the RLC retx waiting_timer for the packet.

At block 314, retransmission for uplink data or the radio link may be stopped.

At block 316, a determination may be made whether the timer has expired. If the
timer has expired, then the process may proceed to block 304 where a packet may be
retransmitted.

Otherwise, if the timer has not expired, then at block 318 a determination may be
made over whether the link blockage is over. If the link blockage is over, then the process
may proceed to step 304 where a packet may be retransmitted.

Otherwise, if the link blockage is not over, then the process may proceed to block
316 for determination of whether the timer has expired.

FIG. 4 is a block diagram illustrating a method for increasing data throughput in
response to 5G channel blockage by using a timer per RLC entity, in accordance with

various embodiments. The process 400 may be performed by a device such as a UE, for
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example, UE 122, in accordance with various embodiments. In some embodiments, the
UE may include one or more non-transitory computer-readable media having instructions,
stored thereon, that when executed cause the UE to perform the process 400. In
embodiments, process 400 may be similar to process 300 where a new timer may be
introduced; however, in process 400 the timer may be per RLC entity instead of per
packet.

At block 402, an RLC retransmission may be triggered. In embodiments, the RLC
retransmission may be triggered by an RLC status report or based on a negative
acknowledgement (“NACK”) in an RLC status report.

At block 404, the RLC transmission may start. In embodiments, the RLC
transmission may start if it is not already running, or may restart if it is already running.

At block 406, determination may be made over whether the RLC waiting timer is
running. If it is running, then at block 410 a RLC waiting timer may be restarted. If it is
not running, then at block 408 the RLC waiting timer may be started.

Atblock 412, a determination over whether a link recovery has occurred, or if an
RLC status report indicating all ACKs have been received (for example, no retransmission
may be needed) has occurred. If one of these has occurred, then at block 414 the timer
may be stopped.

At block 416, a determination of whether the RLC waiting timer is expired or
stopped may be made. If the waiting timer is expired or stopped, then at block 420 RLC
retransmissions may be started. In embodiments, only after the timer is expired or stopped
may a retransmission start.

Otherwise, if it is not the case that the RLC waiting timer is expired or stopped,
then at block 418 the process may wait until the timer is expired or stopped. The process
may then go to block 412 to determine whether a link recovery has occurred or an RLC
status report indicating all ACKs have been received has occurred.

FIG. 5 illustrates an implementation of an embodiment of a system using any
suitably configured circuitry and/or software. As used herein, the term “circuitry” may
refer to, be part of, or include an Application Specific Integrated Circuit (ASIC), an
electronic circuit, a processor (shared, dedicated, or group), and/or memory (shared,
dedicated, or group) that execute one or more software or firmware
programs, a combinational logic circuit, and/or other suitable hardware components that

provide the described functionality. In some embodiments, the circuitry may be
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implemented in, or functions associated with the circuitry may be implemented by, one or
more software or firmware modules. In some embodiments, circuitry may include logic, at
least partially operable in hardware.

Embodiments described herein may be implemented into a system using
any suitably configured hardware and/or software. FIG. 5 illustrates, for one embodiment,
example components of a user equipment (UE) device 500. In some embodiments, the UE
device 500 may include application circuitry 502, baseband circuitry 504, radio frequency
(RF) circuitry 506, front-end module (FEM) circuitry 508 and one or more antennas 510,
coupled together at least as shown.

The application circuitry 502 may include one or more application processors.

For example, the application circuitry 502 may include circuitry such as, but not limited
to, one or more single-core or multi-core processors. The processor(s) may include

any combination of general-purpose processors and dedicated processors (e.g.,

graphics processors, application processors, etc.). The processors may be coupled with
and/or may include memory/storage and may be configured to execute instructions stored
in the memory/storage to enable various applications and/or operating systems to run

on the system.

The baseband circuitry 504 may include circuitry such as, but not limited to, one or
more single-core or multi-core processors. The baseband circuitry 504 may include one or
more baseband processors and/or control logic to process baseband signals received from
a receive signal path of the RF circuitry 506 and to generate baseband signals for a
transmit signal path of the RF circuitry 506. Baseband processing circuitry 504 may
interface with the application circuitry 502 for generation and processing of the baseband
signals and for controlling operations of the RF circuitry 506. For example, in some
embodiments, the baseband circuitry 504 may include a second generation (2G) baseband
processor 504a, third generation (3G) baseband processor 504b, fourth generation (4G)
baseband processor 504c, and/or other baseband processor(s) 504d for other existing
generations, generations in development or to be developed in the future (e.g., fifth
generation (5G), 6G, etc.). The baseband circuitry 504 (e.g., one or more of baseband
processors 504a-d) may handle various radio control functions that enable communication
with one or more radio networks via the RF circuitry 506. The radio control functions may
include, but are not limited to, signal modulation/demodulation, encoding/decoding, radio

frequency shifting, etc. In some embodiments, modulation/demodulation circuitry of the
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baseband circuitry 504 may include Fast-Fourier Transform (FFT), precoding, and/or
constellation mapping/demapping functionality. In some embodiments, encoding/decoding
circuitry of the baseband circuitry 504 may include convolution, tail-biting convolution,
turbo, Viterbi, and/or Low Density Parity Check (LDPC) encoder/decoder

functionality. Embodiments of modulation/demodulation and encoder/decoder
functionality are not limited to these examples and may include other suitable
functionality in other embodiments.

In some embodiments, the baseband circuitry 504 may include elements of
a protocol stack such as, for example, elements of an evolved universal
terrestrial radio access network (EUTRAN) protocol including, for example, physical
(PHY), media access control (MAC), radio link control (RLC), packet data convergence
protocol (PDCP), and/or radio resource control (RRC) elements. Control circuitry 504e
of the baseband circuitry 504, which may be one or more processing units such as a CPU,
may be configured to run elements of the protocol stack for signaling of the PHY, MAC,
RLC, PDCP and/or RRC layers. In some embodiments, the control circuitry 504e may be
coupled with memory circuitry 504g and timer circuitry 504h to perform operations
described herein in accordance with various embodiments. For example, the memory
circuitry 504g may be used to include and/or store a retransmission threshold value and
the timer circuitry 504h may be set with the timer expiration value. The control circuitry
504e may use the retransmission value and the timer expiration value to detect 4G/5G
blockage and may remove an RLF condition in a manner similar to that described herein
with respect to other embodiments including, but not limited to, embodiments described
with respect to FIGs. 1-4.

In some embodiments, the baseband circuitry may include one or more audio
digital signal processor(s) (DSP) 504f. The audio DSP(s) 504f may be include elements
for compression/decompression and echo cancellation and may include other suitable
processing elements in other embodiments. Components of the baseband circuitry may be
suitably combined in a single chip, a single chipset, or disposed on a same circuit board in
some embodiments. In some embodiments, some or all of the constituent components of
the baseband circuitry 504 and the application circuitry 502 may be
implemented together such as, for example, on a system on a chip (SOC).

In some embodiments, the baseband circuitry 504 may provide

for communication compatible with one or more radio technologies. For example, in
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some embodiments, the baseband circuitry 504 may support communication with an
evolved universal terrestrial radio access network (EUTRAN) and/or other wireless
metropolitan area networks (WMAN), a wireless local area network (WLAN), a wireless
personal area network (WPAN). Embodiments in which the baseband circuitry 504 is
configured to support radio communications of more than one wireless protocol may be
referred to as multi-mode baseband circuitry.

RF circuitry 506 may enable communication with wireless
networks using modulated electromagnetic radiation through a non-solid medium. In
various embodiments, the RF circuitry 506 may include switches, filters, amplifiers, etc.
to facilitate the communication with the wireless network. RF circuitry 506 may include
a receive signal path that may include circuitry to down-convert RF signals received
from the FEM circuitry 508 and provide baseband signals to the baseband circuitry 504.
RF circuitry 506 may also include a transmit signal path that may include circuitry to up-
convert baseband signals provided by the baseband circuitry 504 and provide RF
output signals to the FEM circuitry 508 for transmission.

In some embodiments, the RF circuitry 506 may include a receive signal path and a
transmit signal path. The receive signal path of the RF circuitry 506 may include
mixer circuitry 506a, amplifier circuitry 506b and filter circuitry 506c¢. The transmit signal
path of the RF circuitry 506 may include filter circuitry 506¢ and mixer circuitry 506a. RF
circuitry 506 may also include synthesizer circuitry 506d for synthesizing a frequency for
use by the mixer circuitry 506a of the receive signal path and the transmit signal path. In
some embodiments, the mixer circuitry 506a of the receive signal path may be configured
to down-convert RF signals received from the FEM circuitry 508 based on the
synthesized frequency provided by synthesizer circuitry 506d. The amplifier circuitry
506b may be configured to amplify the down-converted signals and the filter circuitry
506¢ may be a low-pass filter (LPF) or band-pass filter (BPF) configured to remove
unwanted signals from the down-converted signals to generate output baseband signals.
Output baseband signals may be provided to the baseband circuitry 504 for further
processing. In some embodiments, the output baseband signals may be zero-frequency
baseband signals, although this is not a requirement. In some embodiments, mixer
circuitry 506a of the receive signal path may comprise passive mixers, although the scope

of the embodiments is not limited in this respect.
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In some embodiments, the mixer circuitry 506a of the transmit signal path may be
configured to up-convert input baseband signals based on the synthesized
frequency provided by the synthesizer circuitry 506d to generate RF output signals for the
FEM circuitry 508. The baseband signals may be provided by the baseband circuitry 504
and may be filtered by filter circuitry 506¢. The filter circuitry 506¢ may include a low-
pass filter (LPF), although the scope of the embodiments is not limited in this respect.

In some embodiments, the mixer circuitry 506a of the receive signal path and
the mixer circuitry 506a of the transmit signal path may include two or more mixers and
may be arranged for quadrature downconversion and/or upconversion, respectively. In
some embodiments, the mixer circuitry 506a of the receive signal path and the mixer
circuitry 506a of the transmit signal path may include two or more mixers and may be
arranged for image rejection (e.g., Hartley image rejection). In some embodiments, the
mixer circuitry 506a of the receive signal path and the mixer circuitry 506a of the transmit
signal path may be arranged for direct downconversion and/or direct upconversion,
respectively. In some embodiments, the mixer circuitry 506a of the receive signal path and
the mixer circuitry 506a of the transmit signal path may be configured for super-
heterodyne operation.

In some embodiments, the output baseband signals and the input baseband signals
may be analog baseband signals, although the scope of the embodiments is not limited in
this respect. In some alternate embodiments, the output baseband signals and the input
baseband signals may be digital baseband signals. In these alternate embodiments, the RF
circuitry 506 may include analog-to-digital converter (ADC) and digital-to-analog
converter (DAC) circuitry and the baseband circuitry 504 may include a digital baseband
interface to communicate with the RF circuitry 506.

In some dual-mode embodiments, a separate radio IC circuitry may be provided for
processing signals for each spectrum, although the scope of the embodiments is
not limited in this respect.

In some embodiments, the synthesizer circuitry 506d may be a fractional-

N synthesizer or a fractional N/N+1 synthesizer, although the scope of the embodiments
is not limited in this respect as other types of frequency synthesizers may be suitable.
For example, synthesizer circuitry 506d may be a delta-sigma synthesizer, a

frequency multiplier, or a synthesizer comprising a phase-locked loop with a frequency

divider.
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The synthesizer circuitry 506d may be configured to synthesize an
output frequency for use by the mixer circuitry 506a of the RF circuitry 506 based on a
frequency input and a divider control input. In some embodiments, the synthesizer
circuitry 506d may be a fractional N/N+1 synthesizer.

In some embodiments, frequency input may be provided by a voltage
controlled oscillator (VCO), although that is not a requirement. Divider control input may
be provided by either the baseband circuitry 504 or the applications processor
502 depending on the desired output frequency. In some embodiments, a divider
control input (e.g., N) may be determined from a look-up table based on a channel
indicated by the applications processor 502.

Synthesizer circuitry 506d of the RF circuitry 506 may include a divider, a delay-
locked loop (DLL), a multiplexer and a phase accumulator. In some embodiments,
the divider may be a dual modulus divider (DMD) and the phase accumulator may be a
digital phase accumulator (DPA). In some embodiments, the DMD may be configured to
divide the input signal by either N or N+1 (e.g., based on a carry out) to provide a
fractional division ratio. In some example embodiments, the DLL may include a set of
cascaded, tunable, delay elements, a phase detector, a charge pump and a D-type flip-flop.
In these embodiments, the delay elements may be configured to break a VCO period
up into Nd equal packets of phase, where Nd is the number of delay elements in the
delay line. In this way, the DLL provides negative feedback to help ensure that the total
delay through the delay line is one VCO cycle.

In some embodiments, synthesizer circuitry 506d may be configured to generate a
carrier frequency as the output frequency, while in other embodiments, the
output frequency may be a multiple of the carrier frequency (e.g., twice the carrier
frequency, four times the carrier frequency) and used in conjunction with quadrature
generator and divider circuitry to generate multiple signals at the carrier frequency with
multiple different phases with respect to each other. In some embodiments, the
output frequency may be a LO frequency (fLO). In some embodiments, the RF circuitry
506 may include an IQ/polar converter.

FEM circuitry 508 may include a receive signal path that may include
circuitry configured to operate on RF signals received from one or more antennas 510,
amplify the received signals and provide the amplified versions of the received signals to

the RF circuitry 506 for further processing. FEM circuitry 508 may also include a transmit
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signal path that may include circuitry configured to amplify signals for transmission
provided by the RF circuitry 506 for transmission by one or more of the one or more
antennas 510.

In some embodiments, the FEM circuitry 508 may include a TX/RX switch
to switch between transmit mode and receive mode operation. The FEM circuitry 508
may include a receive signal path and a transmit signal path. The receive signal path of
the FEM circuitry 508 may include a low-noise amplifier (LNA) to amplify received RF
signals and provide the amplified received RF signals as an output (e.g., to the RF
circuitry 506). The transmit signal path of the FEM circuitry 508 may include a power
amplifier (PA) to amplify input RF signals (e.g., provided by RF circuitry 506), and one or
more filters to generate RF signals for subsequent transmission (e.g., by one or more of the
one or more antennas 510).

In some embodiments, the device S00 may include additional elements such as, for
example, memory/storage, display, camera, sensor, and/or input/output (I/O) interface. In
embodiments, the electronic device 500 is, implements, is incorporated into, or is
otherwise part of a legacy LTE eNodeB and/or a 4G/5G eNodeB, which devices may be
incorporated into one device or may be two separate devices. In embodiments, the
electronic device 500 is, implements, is incorporated into, or is otherwise part of a legacy
LTE UE and/or a 4G/5G UE, which devices may be incorporated into one device or may
be two separate devices.

In embodiments where the electronic device 500 is, implements, is incorporated
into, or is otherwise part of a UE, baseband circuitry 504 may detect a 4G/5G
link blockage and remove a radio link failure condition in a manner similar to that
described herein with respect to other embodiments including, but not limited to,
embodiments described with respect to FIGs. 1-4.

In embodiments where the electronic device 500 is, implements, is incorporated
into, or is otherwise part of a UE, baseband circuitry 504 may cause the RF circuitry 506
to transmit uplink data or an RLC status report via a 4G/5G link; detect a blockage of the
4G/5G link, which detection may be with respect to a packet; start a timer for the packet or
link (“RLC_retx_waiting_timer”); determine if a detection mechanism indicates the
4G/5G link blockage is over or if the RLC retx_waiting_timer expires; and declare RLF if

an RLC retransmission exceeds a maximum retransmission threshold.
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In embodiments where the electronic device 500 is, implements, is incorporated
into, or is otherwise part of an evolved NodeB (“eNodeB”), baseband circuitry 504 may
detect a link blockage in a 4G/5G link based on a missing RLC status report and/or based
on a polling on the status report.

In embodiments where the electronic device 500 is, implements, is incorporated
into, or is otherwise part of an LTE evolved NodeB (“eNodeB”), baseband circuitry 504
may receive a blockage indicator and may forward the blockage indicator to a 4G/5G
eNodeB.

In embodiments where the electronic device 500 is, implements, is incorporated
into, or is otherwise part of an evolved NodeB (“eNodeB”), baseband circuitry 504 may
determine or cause to determine that a 4G/5G link RLC retransmission has reached a
maximum retransmission threshold and may stop or cause to stop a transmission in the
4G/5G link; receive or cause to receive a UE blockage indication; and stop or cause to
stop retransmission early until receipt of a UE status report for retransmission.

In embodiments where the electronic device 500 is, implements, is incorporated
into, or is otherwise part of an evolved NodeB (“eNodeB”) and/or a UE, baseband
circuitry 504 may communicate with an RLC transmission; determine or cause to
determine that RLC retransmission is triggered; start (if not already running) or restart (if
already running) or cause to start or restart a timer; and cause the RF circuitry 506 not to
transmit in a 4G/5G link; detect or cause to detect via a detection mechanism that a
blockage of a 4G/5G link is over; stop the timer; and, if the timer is stopped or has
expired, retransmit in the 4G/5G link.

FIG. 6 illustrates an example computer-readable media 604 that may be suitable
for use to store instructions that cause an apparatus, in response to execution of the
instructions by the apparatus, to practice selected aspects of the present disclosure. In
some embodiments, the computer-readable media 604 may be non-transitory. As shown,
computer-readable storage medium 604 may include programming instructions 608.
Programming instructions 608 may be configured to enable a device, for example, a
network functions virtualization orchestrator (NFVO), a virtual network function manager
(VNFM), a global monitor, a host device, an operational support system (OSS)/business
support system (BSS), a network manager (NM), an exchange manager (EM), or similar
computing devices, in response to execution of the programming instructions 608, to

implement (aspects of) any of the methods or elements described throughout this
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disclosure related to virtual machine (VM) monitoring and management. In

some embodiments, the programming instructions 608 may be configured to enable a
device, in response to execution of the programming instructions 608, to implement
(aspects of) any of the methods or elements described throughout this disclosure related to
lifecycle management operations performed by physical network functions (PNFs), virtual
network functions (VNFs), virtual network function containers (VNFCs), and VMs and
performing actions to instantiate new VM/VNFCs (virtualization deployment unit
(VDUs)), shut down existing VM/VNFCs (VDUs), or scale VM/VNFCs (VDUs) up or
down. In some embodiments, programming instructions 608 may be disposed

on computer-readable media 604 that is transitory in nature, such as signals.

Any combination of one or more computer-usable or computer-readable media
may be utilized. The computer-usable or computer-readable media may be, for example,
but not limited to, an electronic, magnetic, optical, electromagnetic, infrared, or
semiconductor system, apparatus, device, or propagation medium. More specific examples
(a non-exhaustive list) of the computer-readable media would include the following: an
electrical connection having one or more wires, a portable computer diskette, a hard disk,
RAM, ROM, an erasable programmable read-only memory (for example, EPROM,
EEPROM, or Flash memory), an optical fiber, a portable compact disc read-only memory
(CD-ROM), an optical storage device, a transmission media such as those supporting the
Internet or an intranet, or a magnetic storage device. Note that the computer-usable or
computer-readable media could even be paper or another suitable medium upon which the
program is printed, as the program can be electronically captured, via, for instance, optical
scanning of the paper or other medium, then compiled, interpreted, or otherwise processed
in a suitable manner, if necessary, and then stored in a computer memory. In the context of
this document, a computer-usable or computer-readable media may be any medium that
can contain, store, communicate, propagate, or transport the program for use by or in
connection with the instruction execution system, apparatus, or device. The computer-
usable media may include a propagated data signal with the computer-usable program
code embodied therewith, either in baseband or as part of a carrier wave. The computer-
usable program code may be transmitted using any appropriate medium, including but not
limited to wireless, wireline, optical fiber cable, radio frequency, etc.

Computer program code for carrying out operations of the present disclosure may

be written in any combination of one or more programming languages, including an object
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oriented programming language such as Java, Smalltalk, C++ or the like and conventional
procedural programming languages, such as the “C” programming language or similar
programming languages. The program code may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software package, partly on the user’s
computer and partly on a remote computer or entirely on the remote computer or server. In
the latter scenario, the remote computer may be connected to the user’s computer through
any type of network, including a local area network (LAN) or a wide area network
(WAN), or the connection may be made to an external computer (for example, through the
Internet using an Internet Service Provider).

The present disclosure is described with reference to flowchart illustrations
or block diagrams of methods, apparatus (systems) and computer program products
according to embodiments of the disclosure. It will be understood that each block of the
flowchart illustrations or block diagrams, and combinations of blocks in the flowchart
illustrations or block diagrams, can be implemented by computer program instructions.
These computer program instructions may be provided to a processor of a general purpose
computer, special purpose computer, or other programmable data processing apparatus to
produce a machine, such that the instructions, which execute via the processor of the
computer or other programmable data processing apparatus, create means for
implementing the functions/acts specified in the flowchart or block diagram block or
blocks.

These computer program instructions may also be stored in a computer-readable
medium that can direct a computer or other programmable data processing apparatus to
function in a particular manner, such that the instructions stored in the computer-readable
medium produce an article of manufacture including instruction means that implement the
function/act specified in the flowchart or block diagram block or blocks.

The computer program instructions may also be loaded onto a computer or
other programmable data processing apparatus to cause a series of operational steps to be
performed on the computer or other programmable apparatus to produce a computer
implemented process such that the instructions that execute on the computer or other
programmable apparatus provide processes for implementing the functions/acts specified

in the flowchart or block diagram block or blocks.

18



10

15

20

25

30

WO 2017/164908 PCT/US2016/041610

EXAMPLES

Example 1 may be an apparatus for a user equipment, “UE”, the apparatus
comprising baseband circuitry including: memory circuitry to include a retransmission
threshold value; timer circuitry to be set with a timer expiration value; and control
circuitry, coupled with the memory circuitry and the timer circuitry, the control circuitry to
manage a link blockage, wherein the control circuitry is to: upon retransmission of a signal
a retransmission threshold value number of times: maintain a radio resource control,
“RRC”, link; start the timer circuitry to expire at the timer expiration value; while the
timer circuitry has not expired, attempt retransmission of the signal; if one of the
attempted retransmissions of the signal is successful, then stop the timer circuitry; and if
no attempted retransmissions of the signal are successful and the timer circuitry has
expired, then: determine that a radio link failure, “RLF”, has occurred; and perform RLF
recovery procedures to establish an RRC connection.

Example 2 may include the subject matter of Example 1, wherein the timer
expiration value is configured by an evolved NodeB, “eNodeB”, or fixed in a
specification.

Example 3 may include the subject matter of any Examples 1-2, wherein the signal
is to be transmitted on a 5G network.

Example 4 may include the subject matter of Example 3, wherein upon
retransmission of the signal the retransmission threshold value number of times, the
control circuitry is further to begin transmission of the signal on a long term evolution,
“LTE”, network.

Example 5 may include the subject matter of any Examples 1-2, wherein the signal
is a portion of a data file to be transferred from the UE.

Example 6 may include the subject matter of any Examples 1-2, wherein the signal
is a packet.

Example 7 may include the subject matter of any Examples 1-2, wherein the
retransmission threshold value number is configured by an eNodeB or fixed in a
specification.

Example 8 may be an apparatus for a user equipment, “UE”, the apparatus
comprising baseband circuitry including: memory circuitry to include a retransmission

threshold value; timer circuitry to be set with a timer expiration value; and control
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circuitry, coupled with the memory circuitry and the timer circuitry, the control circuitry to
manage a link blockage, wherein the control circuitry is to: upon detection of a link
blockage after transmission of a signal: start the timer circuitry to expire at the timer
expiration value; while the timer circuitry has not expired: stop retransmission of the
signal; and if the timer circuitry is expired or if the link blockage is over, retransmit

the signal; and if a number of retransmissions has exceeded a retransmission threshold,
then: determine that a radio link failure, “RLF”, has occurred; and perform RLF recovery
procedures to establish an RRC link.

Example 9 may include the subject matter of Example 8, wherein the signal is a
packet.

Example 10 may include the subject matter of any Examples 8-9, wherein the
timer expiration value is configured by an evolved nodeB, “eNodeB”, or fixed in a
specification.

Example 11 may include the subject matter of Example 10, wherein the signal is to
be transmitted on a 5G network.

Example 12 may include the subject matter of Example 11, wherein upon detection
of a link blockage after transmission of a signal, the control circuitry is further to begin
transmission of the signal on a long term evolution, “LTE”, network.

Example 13 may include the subject matter of any Examples 8-9, wherein the
signal is a portion of a data file to be transferred from the UE.

Example 14 may include the subject matter of any Examples 8-9, wherein the
retransmission threshold value number is configured by an eNodeB or fixed in a
specification.

Example 15 may be an apparatus for a user equipment, “UE”, the apparatus
comprising baseband circuitry including: means for: starting or restarting a timer to expire
at a timer expiration value if a radio link control, “RLC”, retransmission is detected; and
stopping the timer if a link recovery has occurred or an RLC status report indicating that
all acknowledgments, “ACKs”, have been received has occurred; and means for starting
RLC retransmissions if the timer is stopped or expired.

Example 16 may include the subject matter of Example 15, wherein an RLC
transmission trigger is based on a negative acknowledgement, “NACK”, in an RLC status

report.
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Example 17 may include the subject matter of any Examples 15-16, wherein the
timer expiration value is configured by an evolved nodeB, “eNodeB”, or fixed in a
specification.

Example 18 may include the subject matter of any Examples 15-16, wherein the
transmission is on a long term evolution, “LTE”, network.

Example 19 may include the subject matter of any Examples 15-16, wherein the
transmission is on a 5G network.

Example 20 may include the subject matter of any Examples 15-16, wherein if the
timer circuitry is stopped or expired, start RLC retransmissions on a long term evolution,
“LTE”, network.

Example 21 may be one or more computer-readable media comprising instructions
that cause a computing device, in response to execution of the instructions by the
computing device, to: upon retransmission of a signal a retransmission threshold value
number of times: maintain a radio resource control, “RRC”, link; start a timer to expire at
a timer expiration value; while the timer circuitry has not expired: attempt retransmission
of the signal; and if one of the attempted retransmissions of the signal is successful,
then stop the timer; and if no attempted retransmissions of the signal are successful and the
timer has expired, then: determine a radio link failure, “RLF”, has occurred; and perform
RLF recovery procedures to establish a radio resource control, “RRC”, connection.

Example 22 may include the subject matter of Example 21, wherein the timer
expiration value is configured by an evolved nodeB, “eNodeB”, or fixed in a
specification.

Example 23 may include the subject matter of any Examples 21-22, wherein the
signal is to be transmitted on a 5G network.

Example 24 may include the subject matter of any Examples 21-22, wherein the
signal is to be transmitted on a 5G network.

Example 25 may include the subject matter of any Examples 21-22, wherein
upon retransmission of the signal the retransmission threshold value number of times, the
computing device is further to begin transmission of the signal on a long term evolution,
“LTE”, network.

Example 26 may include the subject matter of any Examples 21-22, wherein the

signal is a portion of a data file to be transferred from the UE.
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Example 27 may include the subject matter of any Examples 21-22, wherein the
signal is a packet.

Example 28 may include the subject matter of any Examples 21-22, wherein the
retransmission threshold value number is configured by an eNodeB or fixed in a
specification.

Example 29 may be one or more computer-readable media comprising instructions
that cause a computing device, in response to execution of the instructions by the
computing device, to: upon detection of a link blockage after transmission of a signal: start
a timer to expire at a timer expiration value; while the timer circuitry has not expired: stop
retransmission of the signal; and if the timer circuitry is expired or if the link blockage is
over, retransmit the signal; and if a number of retransmissions has exceeded the
retransmission threshold, then: determine a radio link failure, “RLF”, has occurred; and
perform RLF recovery procedures to establish a radio resource control “RRC”, link.

Example 30 may include the subject matter of Example 29, wherein the signal is a
packet.

Example 31 may include the subject matter of Example 29, wherein the timer
expiration value is configured by an evolved nodeB, “eNodeB”, or fixed in a
specification.

Example 32 may include the subject matter of any Examples 29-31, wherein the
signal is to be transmitted on a 5G network.

Example 33 may include the subject matter of Example 32, wherein upon detection
of a link blockage after transmission of a signal, the computing device is further to begin
transmission of the signal on a long term evolution, “LTE”, network.

Example 34 may include the subject matter of any Examples 29-31, wherein the
signal is a portion of a data file to be transferred from the UE.

Example 35 may include the subject matter of any Examples 29-31, wherein the
retransmission threshold value number is configured by an eNodeB or fixed in a
specification.

Example 36 may be one or more computer-readable media comprising instructions
that cause a computing device, in response to execution of the instructions by the
computing device, to: start or restart a timer to expire at a timer expiration value if a radio

link control, “RLC”, retransmission is detected; and stop the timer if a link recovery has
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occurred or an RLC status report indicating that all acknowledgments, “ACKs”, have been
received has occurred; and start RL.C retransmissions if the timer is stopped or expired.

Example 37 may include the subject matter of Example 36, wherein an RLC
transmission trigger is based on a negative acknowledgement, “NACK”, in an RLC status
report.

Example 38 may include the subject matter of Example 36, wherein the timer
expiration value is configured by an evolved nodeB, “eNodeB”, or fixed in a specification.

Example 39 may include the subject matter of any Examples 36-38, wherein the
transmission is on a 5G network.

Example 40 may include the subject matter of any Examples 36-38, wherein the
transmission is on a long term evolution, “LTE”, network.

Example 41 may include the subject matter of any Examples 36-38, wherein if the
timer circuitry is stopped or expired, start RLC retransmissions on a long term evolution,
“LTE”, network.

Example 42 may be an apparatus for managing a link blockage, the apparatus
comprising: upon retransmission of a signal a retransmission threshold value number
of times: means for maintaining a radio resource control, “RRC”, link; means for starting a
timer to expire at a timer expiration value; while the timer circuitry has not expired: means
for attempting retransmission of the signal; and if one of the attempted retransmissions of
the signal is successful, then means for stopping the timer; and if no attempted
retransmissions of the signal are successful and the timer has expired, then: means for
determining that a radio link failure, “RLF” has occurred; and means for performing RLF
recovery procedures to establish an RRC connection.

Example 43 may include the subject matter of Example 42, wherein the timer
expiration value is configured by an evolved nodeB, “eNodeB”, or fixed in a
specification.

Example 44 may include the subject matter of Example 42, wherein the signal is to
be transmitted on a 5G network.

Example 45 may include the subject matter of any Examples 42-44, wherein upon
retransmission of the signal the retransmission threshold value number of times, the
apparatus further comprises means for beginning transmission of the signal on a long term

evolution, “LTE”, network.
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Example 46 may include the subject matter of any Examples 42-44, wherein the
signal is to be transmitted on a 5G network.

Example 47 may include the subject matter of any Examples 42-44, wherein the
signal is a portion of a data file to be transferred from the UE.

Example 48 may include the subject matter of any Examples 42-44, wherein the
signal is a packet.

Example 49 may include the subject matter of any Examples 42-44, wherein the
retransmission threshold value number is configured by an eNodeB or fixed in a
specification.

Example 50 may be an apparatus for managing a link blockage, the apparatus
comprising: upon detection of a link blockage after transmission of a signal: means for
starting a timer to expire at a timer expiration value; while the timer circuitry has not
expired: means for stopping retransmission of the signal; and if the timer circuitry is
expired or if the link blockage is over, means for retransmitting the signal; and if a number
of retransmissions has exceeded a retransmission threshold, then: means for determining
that a radio link failure, “RLF”, has occurred; and means for performing RLF recovery
procedures to establish an RRC link.

Example 51 may include the subject matter of Example 50, wherein the signal is a
packet.

Example 52 may include the subject matter of any Examples 50-51, wherein the
timer expiration value is configured by an evolved nodeB, “eNodeB”, or fixed in a
specification.

Example 53 may include the subject matter of any Examples 50-51, wherein the
signal is to be transmitted on a 5G network.

Example 54 may include the subject matter of Example 53, wherein upon detection
of a link blockage after transmission of a signal, the computing device is further to begin
transmission of the signal on a long term evolution, “LTE”, network.

Example 55 may include the subject matter of any Examples 50-51, wherein the
signal is a portion of a data file to be transferred from the UE.

Example 56 may include the subject matter of any Examples 50-51, wherein the
retransmission threshold value number is configured by an eNodeB or fixed in a

specification.
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Example 57 may be an apparatus for managing a link blockage, the apparatus
comprising: means for: starting or restarting a timer to expire at a timer expiration value if
a radio link control, “RLC”, retransmission is detected; and stopping the timer if a link
recovery has occurred or an RLC status report indicating that all acknowledgements,
“ACKs”, have been received has occurred; and means for starting RLC retransmissions if
the timer is stopped or expired.

Example 58 may include the subject matter of Example 57, wherein an RLC
transmission trigger is based on a negative acknowledgement, “NACK”, in an RLC status
report.

Example 59 may include the subject matter of any Examples 57-58, wherein the
timer expiration value is configured by an evolved NodeB, “eNodeB”, or fixed in a
specification.

Example 60 may include the subject matter of any Examples 57-58, wherein the
transmission is on a 5SG network.

Example 61 may include the subject matter of any Examples 57-58, wherein the
transmission is on a long term evolution, “LTE”, network.

Example 62 may include the subject matter of any Examples 57-58, wherein if the
timer circuitry is stopped or expired, start RLC retransmissions on a long term evolution,
“LTE”, network.

Some portions of the preceding detailed description have been presented in terms
of algorithms and symbolic representations of operations on data bits within a computer
memory. These algorithmic descriptions and representations are the ways used by those
skilled in the data processing arts to most effectively convey the substance of their work to
others skilled in the arts. An algorithm is here, and generally, conceived to be a self-
consistent sequence of operations leading to a desired result. The operations are those
requiring physical manipulations of physical quantities.

It should be borne in mind, however, that all of these and similar terms are to be
associated with the appropriate physical quantities and are merely convenient labels
applied to these quantities. Unless specifically stated otherwise as apparent from the above
discussion, it is appreciated that throughout the description, discussions utilizing terms
such as those set forth in the claims below refer to the action and processes of a computer
system, or similar electronic computing device, that manipulates and transforms data

represented as physical (electronic) quantities within the computer system’s registers and
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memories into other data similarly represented as physical quantities within the computer
system memories or registers or other such information storage, transmission, or display
devices.

Embodiments of the disclosure also relate to an apparatus for performing the
operations herein. Such a computer program is stored in a non-transitory computer-
readable medium. A machine-readable medium includes any mechanism for storing
information in a form readable by a machine (e.g., a computer). For example, a machine-
readable (e.g., computer-readable) medium includes a machine- (e.g., a computer-)
readable storage medium (e.g., read-only memory (ROM), random access memory
(RAM), magnetic disk storage media, optical storage media, flash memory devices).

The processes or methods depicted in the preceding figures can be performed by
processing logic that comprises hardware (e.g., circuitry, dedicated logic, etc.), software
(e.g., embodied on a non-transitory computer-readable medium), or a combination of both.
Although the processes or methods are described above in terms of some sequential
operations, it should be appreciated that some of the operations described can be
performed in a different order. Moreover, some operations can be performed in parallel
rather than sequentially.

Embodiments of the present disclosure are not described with reference to any
particular programming language. It will be appreciated that a variety of programming
languages can be used to implement the teachings of embodiments of the disclosure as
described herein. In the foregoing Specification, embodiments of the disclosure have been
described with reference to specific exemplary embodiments thereof. It will be evident
that various modifications can be made thereto without departing from the broader spirit
and scope of the disclosure as set forth in the following claims. The Specification and
drawings are, accordingly, to be regarded in an illustrative sense rather than a restrictive

sense.
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CLAIMS

What is claimed is:

1. An apparatus for a user equipment, “UE”, the apparatus comprising baseband
circuitry including:
memory circuitry to include a retransmission threshold value;
timer circuitry to be set with a timer expiration value; and
control circuitry, coupled with the memory circuitry and the timer circuitry, the
control circuitry to manage a link blockage, wherein the control circuitry is to:
upon retransmission of a signal a retransmission threshold value number of times:
maintain a radio resource control, “RRC”, link;
start the timer circuitry to expire at the timer expiration value;
while the timer circuitry has not expired, attempt retransmission of the
signal,;
if one of the attempted retransmissions of the signal is successful, then stop
the timer circuitry; and
if no attempted retransmissions of the signal are successful and the
timer has expired, then:
determine that a radio link failure, “RLF”, has occurred; and

perform RLF recovery procedures to establish an RRC connection.

2. The apparatus of claim 1, wherein the timer expiration value is configured by

an evolved NodeB, “eNodeB”, or fixed in a specification.

3. The apparatus of any one of claims 1-2, wherein the signal is to be transmitted on a

5G network.
4. The apparatus of claim 3, wherein upon retransmission of the signal the
retransmission threshold value number of times, the control circuitry is further to begin

transmission of the signal on a long term evolution, “LTE”, network.

5. The apparatus of any one of claims 1-2, wherein the signal is a portion of a data file

to be transferred from the UE.
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6. The apparatus of any one of claims 1-2, wherein the signal is a packet.

7. The apparatus of any one of claims 1-2, wherein the retransmission threshold

value number is configured by an evolved NodeB, “eNodeB”, or fixed in a specification.

8. One or more computer-readable media comprising instructions that cause a
computing device, in response to execution of the instructions by the computing device,
to:
upon detection of a link blockage after transmission of a signal:
start a timer to expire at a timer expiration value;
while the timer has not expired: stop retransmission of the signal; and
if the timer is expired or if the link blockage is over, retransmit the
signal; and
if a number of retransmissions has exceeded the retransmission threshold, then:
determine, by the computing device, a radio link failure, “RLF”, has
occurred; and
perform, by the computing device, RLF recovery procedures to establish a

radio resource control, “RRC”, link.

9. The computer readable media of claim 8, wherein the signal is a packet.

10. The computer readable media of claim 8, wherein the timer expiration value

is configured by an evolved nodeB, “eNodeB”, or fixed in a specification.

11. The computer readable media of any one of claims 8-9, wherein the signal is to

be transmitted on a 5G network.
12. The computer readable media of claim 11, wherein upon detection of a link

blockage after transmission of a signal, the computing device is further to begin

transmission of the signal on a long term evolution, “LTE”, network.
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13. The computer readable media of any one of claims 8-9, wherein the signal is a portion

of a data file to be transferred from the UE.

14. The computer readable media of any one of claims 8-9, wherein the
retransmission threshold value number is configured by an evolved NodeB, “eNodeB”, or

fixed in a specification.

15. An apparatus for managing a link blockage, the apparatus comprising:

means for: starting or restarting a timer to expire at a timer expiration value if a
radio link control, “RLC”, retransmission is detected; and stopping the timer if a link
recovery has occurred or an RLC status report indicating that all acknowledgments,
“ACKs”, have been received has occurred; and

means for starting RLC retransmissions if the timer is stopped or expired.

16. The apparatus of claim 15, wherein an RLC transmission trigger is based on a

negative acknowledgement, “NACK?”, in an RLC status report.

17. The apparatus of claim 15-16, wherein the timer expiration value is configured by

an evolved NodeB, “eNodeB”, or fixed in a specification.

18. The apparatus of any one of claims 15-16, wherein the transmission is on a

5G network.

19. The apparatus of any one of claims 15-16, wherein the transmission is on a long

term evolution, “LTE”, network.

20. The apparatus of any one of claims 15-16, wherein if the timer circuitry is stopped

or expired, start RLC retransmissions on a long term evolution, “LTE”, network.

29



PCT/US2016/041610

WO 2017/164908

T'5id

AU DG YL JIAO \\\f‘}l‘//
UOISSIWSUERIL |RUIION Gmwu \\\\\\ -
T \\
= &
AHd B8 AHd 347
o1 apel
v v
IVIN DS JVIN 3L
N\
FeE v\ \ 4 v qcel
J1d BS SR RN
“01” \aoe}
syvoed g syooed 307

{8uipioday pue
uoiiedsiddy Suipnpuy)

d20d
mmvk

\ 4
dijuociesyddy

wwm\t\

ETEEERPET %
\ 4!
001

zG1 peYNI0Ig S U O HMu 317
2y} BuIsn pajluisuBLY 518308
— T
//// ////
— —
/// //
AHd B% AHd 317
h A
Byl m‘\ ! anﬁ
YA DS YN 3L
A A
ezi 1 Uazyy
314 9% RINEIR
o1 Cagys
SDA PN ON
- //
-7 ¢olgepeay
S U asST
//
mgm\¥ S ﬁ\
4704
A
@Q\
difuciiesiddy
voT\

RS ERGYE]

%

col

1/6



WO 2017/164908

S 202

Transmit a signal
208
7

)\
.
~

" Transmission

successtul?

.
\\
N

~
P
/
/
//
. e
- N
210
e
7 Iy
7 T~
" Hasthesignal been
<\/\ retransmitted a threshold

\\A@!ue number of times? —
~_ _—

.

N
~

_
\\ -
\\ //
J Y

4

206

\x—

‘ Maintain a radio resource control, “RRC” link ‘ 5

Start a timer to expire at the timer expiration
value

212

PCT/US2016/041610

200

214

e

v
N
- ~
e
- N

Has the timer o
expired?
224

~. //
AN //
\\ -
YI /

Determine that a radie {ink
failure (RLF) has occurred and
perform RLF recovery
procedures to establish an RRC
flink

216

-
N

218

Attempt to

transmit the
signal

Y

222

Stop the timer

2/6

FiG. 2



WO 2017/164908

PCT/US2016/041610

304
T

305

—
-

- . ~
_ the {re}transmission >
~ ) -
. successful?
\\ ///
N
/// \\\
_— . 306
7 HasanRLC _—
\\

326

)

Determine that a radio
link failure {RLF} has
occurred and perform
RLF recovery procedures
to establish an RRC link

retransmission threshold
~ been exceeded?
~ e

\\\ ///
v
N

. N
/// ™~
" Has a link biockage
-~ -

. beendetected? -

S~ //

310

B
——

., //
\\\ //
J Y

Start a timer to expire at a timer Y
expiration value

v

Stop retransmission for uplink
data or radio link

314

ot

4 316

T
o .
" L

— T
= Has the timer expired?
T

~ Y
B
/

\\\\ ////

31
—_
- —— Y

= Isthelink blockage over?

- //
\\\ B //’

N

3/6

300



WO 2017/164908 PCT/US2016/041610

An RLC Retransmission Is 4;02 400
Triggered /
v
404
The RLC transmit entity starts 17—
408 /&\
~ N
/ //// ~_ 406
e ~
Start the RLC N 7isaRLC waiting timer ¥ Restart the RLC 416
waiting timer e running? e waiting timer
\\ ///
\\\ ///
\\//
¥
N 412
" Hasalink ™o
//// recovery occurred or - Y 414

<\ has an RLC status report indi- >— fffff »  Stop the timer

\\\Eaﬁng all ACKS have been//
“received occurred?”
= -

\\ ///
.
N f
TN 416

_ .
" lsthe -

. i . //
g o N RiCwaiting timer

* o i B . ~

stopped ~ expired o?r -
‘ ~ i‘mpped; 7
418 ~
Y
Start RLC 420

retransrnissions

FIG. 4

4/6



WO 2017/164908

500

-]
Lo
Wy
%0
&
Ly
@
&
LY
e
2 3
) f]
g L
4 18
0 D
o P!
s bt
3
b
L e
2
)
Ly
w
3 g
0 S
[T
ol
<
-
o) Ly
<r
- A
<
S
ok g
F 3
) A
Ly
o~
el
Wy

5/6

PCT/US2016/041610

FIG.5



PCT/US2016/041610

WO 2017/164908

00

9 "Bid

809
suonandsu Sunuwesbold

09

gipsul sjqepEa-iginduwio)

6/6



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/041610

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4W76/02
ADD.

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

B. FIELDS SEARCHED

HO4W HOAL

Minimum documentation searched (classification system followed by classification symbols)

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

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

EPO-Internal, COMPENDEX, INSPEC, IBM-TDB, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X "3rd Generation Partnership Project; 8-20
Technical Specification Group Radio Access
Network; Radio Link Control (RLC) protocol
specification (Release 13)",
3GPP STANDARD; 3GPP TS 25.322, 3RD
GENERATION PARTNERSHIP PROJECT (3GPP),
MOBILE COMPETENCE CENTRE ; 650, ROUTE DES
LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS CEDEX
; FRANCE,
vol. RAN WG2, no. V13.0.0,
8 January 2016 (2016-01-08), pages 1-90,
XP051047597,
[retrieved on 2016-01-08]
A * chapter 9.5, 9.6, 11.3, 11.4, 11.5, 11.6 1-7
*
* chapters 4.2.1, 4.2.1.3, 9.2.1.4-9.1.2.7
*
- / -

Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents :

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

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

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

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

"P" document published prior to the international filing date but later than
the priority date claimed

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

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

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

"&" document member of the same patent family

Date of the actual completion of the international search

10 November 2016

Date of mailing of the international search report

17/11/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Rosken, Wilfried

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/041610

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

"3 Generation Partnership Project;
Technical Specification Group Radio Access
Network; Evolved Universal Terrestrial
Radio Access (E-UTRA); Radio Link Control
(R;C) protocol specification (Release

13 ||,

3GPP STANDARD; 3GPP TS 36.322, 3RD
GENERATION PARTNERSHIP PROJECT (3GPP),
MOBILE COMPETENCE CENTRE ; 650, ROUTE DES
LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS CEDEX
; FRANCE,

vol. RAN WG2, no. V13.0.0,

6 January 2016 (2016-01-06), pages 1-44,
XP051047500,

[retrieved on 2016-01-06]

* chapters 5.2.1- 5.2.3, 7.1, 7.3, 7.4 *
* chapters 4.2.1, 4.2.1.3, 5.1.3, 5.2.3,
6.2.1.4 - 6.2.1.6 *

"3rd Generation Partnership Project;
Technical Specification Group Radio Access
Network; Evolved Universal Terrestrial
Radio Access (E-UTRA); Radio Resource
Control (RRC); Protocol specification
(Release 13)",

3GPP STANDARD; 3GPP TS 36.331, 3RD
GENERATION PARTNERSHIP PROJECT (3GPP),
MOBILE COMPETENCE CENTRE ; 650, ROUTE DES
LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS CEDEX
; FRANCE,

vol. RAN WG2, no. V13.0.0,

6 January 2016 (2016-01-06), pages 1-507,
XP051047501,

[retrieved on 2016-01-06]

* chapters 5.3.11.3, 5.3.7 *

* pages 318-319, 441 *

* chapter 5.3.11, 7.3, 7.4 *

8-20

1-7

1-20

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - wo-search-report
	Page 38 - wo-search-report

