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(57) ABSTRACT

Disclosed are a beam failure recovery method, device, and
apparatus, comprising: a terminal determining that perform-
ing beam failure recovery is required; and the terminal
initiating random access to perform the beam failure recov-
ery on a selected bandwidth part, wherein the bandwidth part
is not changed in the random access process. By adopting
the present disclosure, a terminal configuring each band-
width part will not cause a disorderly beam failure recovery
process. The terminal can select an appropriate bandwidth
part and a synchronization signal block or channel state
information reference signal thereon to initiate the beam
failure recovery process. The disclosure achieves fast beam
recovery while minimizing impact on data transmission.

(51) Int. CL Further, a base station is also capable of determining how the
HO4W 24/04 (2006.01) terminal performs the beam failure recovery, to make a
HO04W 74/08 (2006.01) timely response, to ensure effective transmission of data
HO4W 72/04 (2006.01) without wasting random access resources.
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BEAM FAILURE RECOVERY METHOD,
DEVICE, AND APPARATUS

[0001] The present application claims the priority from
Chinese Patent Application No. 201810015242.6, filed with
the Chinese Patent Office on Jan. 8, 2018 and entitled “Beam
Failure Recovery Method, Device, and Apparatus”, which is
hereby incorporated by reference in its entirety.

FIELD

[0002] The disclosure relates to the field of wireless com-
munication technologies, and in particular, to a beam failure
recovery method, device and apparatus.

BACKGROUND

[0003] In the traditional Long Term Evolution (LTE) sys-
tem, the bandwidth of a cell carrier at a network side is less
than or equal to the reception bandwidth of 20 MHz of a user
equipment (UE), so the network side always configures the
total uplink and downlink bandwidth of a cell for the UE,
and the UE may work in the entire bandwidth of the cell
carrier.

[0004] In the new generation wireless communication
system (5G) or Next generation Radio (NR) system, the
carrier bandwidth of the network side may be as high as 400
MHz, which is much greater than the receiving capability of
the UE. Therefore, the concept of Band Width Part (BWP)
is introduced. That is, the large bandwidth of the network
side is divided into multiple BWPs, one or more BWPs are
allocated to the UE, and a part of the configured BWPs are
activated to perform the uplink and downlink transmission
for the UE, where the active downlink BWP is called active
DL BWP, and the active uplink BWP is called active UL
BWP. In the R15 version, for the UE, only one DL BWP and
one UL BWP can be activated at one moment, and the
inactive BWPs cannot be configured for the uplink and
downlink signaling and data transmission.

[0005] After the base station configures multiple BWPs
for the UE, each BWP is independently configured with
various functions and resources. For example, the base
station may configure independent random access resources,
scheduling request resources, Physical Uplink Control
Channels (PUCCHs), semi-persistent schedule (SRS) and
the like for different BWPs.

[0006] Inthe NR system, due to the introduction of a high
frequency band, the UE and the base station transmit on the
determined beams, and there is a correspondence between
the receiving and sending beams of the base station and UE.
When measuring that the quality of the current working
beam channel is poor, the UE needs to initiate a beam failure
recovery process, where the beam failure recovery process
is implemented through the random access. In one embodi-
ment, the UE selects a specific beam, initiates a random
access, and determines that the beam failure recovery is
completed on the selected beam after the random access
succeeds.

[0007] The deficiencies of the related art include: when the
network side allocates contention free random access
resource to the UE for beam failure recovery, the beam
failure recovery process will be chaotic, so that the base
station cannot determine how the UE performs the beam
failure recovery and cannot respond in time.
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SUMMARY

[0008] The disclosure provides a beam failure recovery
method, device and apparatus, to solve the problem of how
the UE selects the reasonable resource to realize the beam
failure recovery under the configuration of multiple BWPs.
[0009] An embodiment of the disclosure provides a beam
failure recovery method, including: determining, by a UE,
that beam failure recovery, BFR, is required; performing, by
the UE, the BFR by initiating a random access on a selected
Band Width Part, BWP, where the BWP is not changed in a
random access procedure.

[0010] In one embodiment, performing, by the UE, the
BFR by initiating the random access on the selected BWP,
includes: initiating, by the UE, the random access on an
active BWP activated before beam failure, where if there is
no contention free random access resource for BFR on the
active BWP, the UE performs the BFR by initiating a
contention based random access; or initiating, by the UE, the
random access on an active BWP activated before beam
failure, where if there is contention free random access
resource for BFR on the active BWP, the UE performs the
BFR by initiating a contention free random access on the
active BWP; and if there is no contention free random access
resource for BFR on the active BWP, the UE changes the
active BWP to a default BWP configured with contention
free random access resource and performs the BFR by
initiating the random access on the changed default BWP; or
selecting, by the UE, a beam on a plurality of configured
BWPs according to channel quality, and performing the BFR
by initiating the random access on a BWP where the beam
is located.

[0011] In one embodiment, the default BWP configured
with contention free random access resource includes: an
initial BWP, or a default BWP, or a BWP configured In one
embodiment to perform BFR.

[0012] Inone embodiment, selecting, by the UE, the beam
on the plurality of configured BWPs according to channel
quality, includes: performing Synchronization Signal Block,
SSB, measurements and/or Channel State Information Ref-
erence Signal, CSI-RS, measurements on different BWPs,
where different SSBs or CSI-RSs correspond to different
beams; selecting a beam configured with contention free
random access resource from beams that meet a channel
quality requirement, and initiating the random access on a
BWP where the beam is located; if none of beams config-
ured with contention free random access resource meets the
channel quality requirement, selecting another beam that
meets the channel quality requirement, and initiating the
random access on a BWP where the beam is located.
[0013] In one embodiment, the method further includes:
performing, by the UE, the BFR by re-initiating a random
access when not receiving a Physical Downlink Control
Channel, PDCCH, scheduling command with a Cell-Radio
Network Temporary Identifier, C-RNTI, during configured
time under a contention free random access or failing to
complete contention resolution under a contention based
random access.

[0014] In one embodiment, performing, by the UE, the
BFR by re-initiating a random access, includes: re-initiating
the random access by using a BWP and beam of a last
initiated random access as well as random access resource,
until a maximum quantity of random accesses is reached or
a BFR timer expires; or performing a beam quality mea-
surement on a current BWP, re-selecting an SSB or CSI-RS,
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and re-initiating the random access on the current BWP
according to random access configuration under a beam
corresponding to the SSB or CSI-RS; or changing to a
specific BWP, performing an SSB or CSI-RS measurement
on the specific BWP, selecting an SSB or CSI-RS with
channel quality higher than a threshold, and re-initiating the
random access according to random access configuration
under a beam corresponding to the SSB or CSI-RS, where
the specific BWP is an initial BWP or a default BWP; or
re-selecting an SSB and/or CSI-RS and its corresponding
beam according to results of SSB or CSI-RS measurements
on a plurality of configured BWPs, and re-initiating the
random access according to random access configuration
under the beam corresponding to the SSB or CSI-RS, where
if the SSB and/or CSI-RS is/are not on a current BWP, the
UE re-initiates the random access on a changed BWP where
the SSB and/or CSI-RS is/are located.

[0015] An embodiment of the disclosure provides a UE,
including: a processor configured to read programs in a
memory to perform the process of: determining whether
beam failure recovery, BFR, is required; a transceiver con-
figured to receive and send data under control of the pro-
cessor to perform the process of: performing the BFR by
initiating a random access on a selected Band Width Part,
BWP, when determining that the BFR is required, where the
BWP is not changed in a random access procedure.

[0016] In one embodiment, performing the BFR by initi-
ating the random access on the selected BWP, includes:
initiating the random access on an active BWP activated
before beam failure, where if there is no contention free
random access resource for BFR on the active BWP, the
BFR is performed by initiating a contention based random
access; or initiating the random access on an active BWP
activated before beam failure, where if there is contention
free random access resource for BFR on the active BWP, the
BFR is performed by initiating a contention free random
access on the active BWP; and if there is no contention free
random access resource for BFR on the active BWP, the
active BWP is changed to a default BWP configured with
contention free random access resource and the BFR is
performed by initiating the random access on the changed
default BWP; or selecting a beam on a plurality of config-
ured BWPs according to channel quality, and the BFR is
performed by initiating the random access on a BWP where
the beam is located.

[0017] In one embodiment, the default BWP configured
with contention free random access resource includes: an
initial BWP, or a default BWP, or a BWP configured
specially to perform BFR.

[0018] In one embodiment, selecting the beam on the
plurality of configured BWPs according to channel quality,
includes: performing Synchronization Signal Block, SSB,
measurements and/or Channel State Information Reference
Signal, CSI-RS, measurements on different BWPs, where
different SSBs or CSI-RSs correspond to different beams;
selecting a beam configured with contention free random
access resource from beams that meet a channel quality
requirement, and initiating the random access on a BWP
where the beam is located; if none of beams configured with
contention free random access resource meets the channel
quality requirement, selecting another beam that meets the
channel quality requirement, and initiating the random
access on a BWP where the beam is located.
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[0019] In one embodiment, the process further includes:
performing the BFR by re-initiating a random access when
not receiving a Physical Downlink Control Channel,
PDCCH, scheduling command with a Cell-Radio Network
Temporary Identifier, C-RNTI, during configured time under
a contention free random access or failing to complete
contention resolution under a contention based random
access.

[0020] In one embodiment, performing the BFR by re-
initiating a random access, includes: re-initiating the random
access by using a BWP and beam of a last initiated random
access as well as random access resource, until a maximum
quantity of random accesses is reached or a BFR timer
expires; or performing a beam quality measurement on a
current BWP, re-selecting an SSB or CSI-RS, and re-
initiating the random access on the current BWP according
to random access configuration under a beam corresponding
to the SSB or CSI-RS; or changing to a specific BWP,
performing an SSB or CSI-RS measurement on the specific
BWP, selecting an SSB or CSI-RS with channel quality
higher than a threshold, and re-initiating the random access
according to random access configuration under a beam
corresponding to the SSB or CSI-RS, where the specific
BWP is an initial BWP or a default BWP; or re-selecting an
SSB and/or CSI-RS and its corresponding beam according
to results of SSB or CSI-RS measurements on a plurality of
configured BWPs, and re-initiating the random access
according to random access configuration under the beam
corresponding to the SSB or CSI-RS, where if the SSB
and/or CSI-RS is/are not on a current BWP, the random
access is re-initiated on a changed BWP where the SSB
and/or CSI-RS is/are located.

[0021] An embodiment of the disclosure provides a com-
puter readable storage medium storing computer programs
configured for performing the above-mentioned method.

[0022] An embodiment of the disclosure provides a beam
failure recovery device, including: a determining device
configured to determine that beam failure recovery, BFR, is
required; a recovery device configured to perform the BFR
by initiating a random access on a selected Band Width Part,
BWP, where the BWP is not changed in a random access
procedure.

[0023] In the embodiments of the disclosure, the UE
initiates the random access on the selected BWP to perform
the beam failure recovery, and does not change the BWP
during the random access procedure. Since the BWP is not
changed during this process, the beam {failure recovery
process will not be chaotic when the UE configures each
BWP. The UE can select the reasonable BWP and the SSB
or CSI-RS thereon to initiate the beam failure recovery
process. The fast beam recovery may be achieved while the
impact on data transmission is minimized.

[0024] Further, it also enables the base station to deter-
mine how the UE performs the beam failure recovery, so that
the base station may respond in time and ensure the efficient
data transmission without wasting the random access
resources.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The accompanying drawings illustrated here are
used to provide the further understanding of the disclosure
and constitute a part of the disclosure, and the schematic
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embodiments of the disclosure and the illustration thereof
are used to explain the disclosure but not limit the disclosure
improperly.

[0026] FIG.1 is a schematic diagram of a contention based
random access process in embodiments of the disclosure.
[0027] FIG. 2 is a schematic diagram of a contention free
random access process in embodiments of the disclosure.
[0028] FIG. 3 is a schematic diagram of an implementa-
tion process of a beam failure recovery method in embodi-
ments of the disclosure.

[0029] FIG. 4 is a structural schematic diagram of UE in
embodiments of the disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0030] In order to make the purposes, technical solutions
and advantages of the embodiments of the disclosure clearer,
the technical solutions in the embodiments of the invention
will be described clearly and completely below in combi-
nation with the accompanying drawings in the embodiments
of the invention. Obviously the described embodiments are
a part of the embodiments of the invention but not all the
embodiments. Based upon the embodiments of the inven-
tion, all of other embodiments obtained by those ordinary
skilled in the art without creative work pertain to the
protection scope of the invention.

[0031] Embodiments of the disclosure can be applied to
various communication systems, for example, Global Sys-
tem of Mobile communication (GSM) system, Code Divi-
sion Multiple Access (CDMA) system, Wideband Code
Division Multiple Access (WCDMA) system, General
Packet Radio Service (GPRS), Long Term Evolution (LTE)
system, Advanced long term evolution (LTE-A) system,
Universal Mobile Telecommunication System (UMTS),
New Radio (NR) and the like.

[0032] It should be further understood that the UE
includes but not limited to a Mobile Station (MS), a mobile
terminal, a mobile telephone, a handset, a portable equip-
ment or the like in the embodiments of the disclosure. This
user equipment may communicate with one or more core
networks via the Radio Access Network (RAN). For
example, the user equipment may be a mobile telephone (or
called “cellular” telephone), a computer with the wireless
communication function, or the like. The user equipment
may also be a portable, pocket, handheld, computer built-in
or vehicle-carried mobile device.

[0033] In the embodiments of the disclosure, the base
station (e.g., an access point) may mean a device in an access
network communicating with a wireless terminal via one or
more sectors over the air interface. The base station may be
used to perform the inter-conversion between a received air
frame and an IP packet, and used as a router between the
wireless terminal and the rest of the access network, where
the rest of the access network may include Internet Protocol
(IP) networks. The base station may further coordinate the
attribute management of the air interface. For example, the
base station may be the Base Transceiver Station (BTS) in
the GSM or CDMA, or may be the NodeB in the TD-
SCDMA or WCDMA, or may be the evolutional Node B
(eNodeB or eNB or e-NodeB) in the LTE, or may be the
gNB in the 5G NR, which is not limited in the disclosure.
[0034] The inventor noticed in the inventive process: in
the new-generation wireless communication system (5G or
NR system), the concept of BWP is introduced. The carrier
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bandwidth of a cell can be divided into multiple BWPs. The
base station can configure multiple BWPs for the UE. Each
BWP is independently configured with various functions
and resources. For example, the base station may configure
independent random access resources, scheduling request
resources, PUCCHs, SRS and the like for different BWPs.
The problem of how to select the reasonable resource to
realize the beam failure recovery under the configuration of
multiple BWPs will occur.

[0035] Firstly the BWP will be introduced below in brief
[0036] For the BWP, 3GPP also defines some basic con-
cepts.

[0037] Initial BWP: a UE that initially accesses can only

use the initial BWP to complete the connection establish-
ment process. The initial BWP includes basic cell broadcast
signaling and random access resources, etc.

[0038] Default BWP: the next generation NodeB (gNB)
on the network side can configure a default BWP for the UE
in a connected state, and the UE can perform some basic
work on the default BWP, such as maintaining the cell
connection, performing the cell measurement, initiating a
random access, etc.

[0039] Configured BWP: the BWP configured by the
network side for a single UE in the connected state. Each
BWP is independently configured with various layer param-
eters, such as PUCCH configuration, SPS configuration,
Physical Random Access Channel (PRACH) configuration,
non-contention access resources used by the Beam Failure
Recovery (BFR), etc.

[0040] Active BWP: in the BWP configured by the net-
work side for UE, the UE can only use the active BWP for
the uplink and downlink transmission. The active BWPs
include active DL BWP and active UL BWP. The base
station uses the physical layer signaling Downlink Control
Indicator (DCI) to explicitly change and activate the BWP.
In addition, the BWP-Inactivity Timer (hereinafter referred
to as BWP timer) is further introduced. After the BWP timer
expires, the UE changes from the active BWP to the default
BWP.

[0041] Then the random access is introduced in brief as
follows.
[0042] The random access includes two types: contention

based random access and contention free random access.
The processes thereof are as follows.

[0043] FIG. 1 is a schematic diagram of the contention
based random access process, as shown, which mainly
includes four steps.

[0044] Msgl: a UE selects a random access preamble and
a random access resource PRACH, and sends the selected
random access preamble to the base station on the selected
PRACH resource. In the NR, the particular preamble and/or
PRACH resource is/are reserved for the Msgl-based system
message request “Msgl based SI request”.

[0045] Msg2: the base station receives the random access
request Msgl and sends a random access response to the UE,
where the random access response contains the uplink
timing advance, the uplink scheduling information (UL
grant) of the uplink resource allocated to Msg3, and the
temporary Cell-Radio Network Temporary Identifier
(C-RNTI) allocated by the network side. The Physical
Downlink Control Channel (PDCCH) bearing the Msg2
scheduling message is scrambled with the Random Access-
Radio Network Temporary Identifier (RA-RNTI), the Msg2
further carries the preamble ID, and the UE determines that
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the Msg2 corresponds to the Msgl sent by it through the
RA-RNTI and Preamble ID. In the NR, for the Msgl-based
system message request, the Msg2 contains only the pre-
amble ID information corresponding to the Msgl and has no
other content. And for the Msgl-based system message
request scenario, the random access procedure ends until the
Msg2, that is, if the received Msg?2 contains the preamble ID
corresponding to the preamble sent by the Msgl, it is
considered that the Msgl-based system message request
process is completed.

[0046] Msg3: the UE sends the uplink transmission on the
UL grant specified by the Msg2. The reason of different
random accesses is the different content of the Msg3 uplink
transmission. For example, for the initial access, the Msg3
transmits a Radio Resource Control (RRC) connection
establishment request.

[0047] Msgd: contention resolution message, where the
UE can determine whether the random access succeeds
according to the Msg4. For the UE that initially accesses, the
temporary C-RNTI is automatically converted into the
unique UE identifier (C-RNTI) of the UE in the cell after the
contention resolution succeeds.

[0048] FIG. 2 is a schematic diagram of the contention
free random access process, as shown, which is mainly
divided into three steps.

[0049] MsgO: the base station allocates a dedicated pre-
amble for the contention free random access as well as the
PRACH resource used by the random access to a UE.
[0050] Msgl: the UE sends the specified dedicated pre-
amble to the base station on the specified PRACH resource
according to the instruction of the Msg0. After receiving the
Msg]1, the base station calculates the uplink Timing Advance
(TA) according to the Msgl.

[0051] Msg2: the base station sends a random access
response to the UE. In most random access scenarios, the
format of the random access response is the same as that of
the contention based random access, and the PDCCH with
the RA-RNTI is used to schedule the Media Access Control
Random Access Response Protocol Data Unit (MAC RAR
PDU) that contains the Random Access Preamble ID
(RAPID), the Time Alignment Command (TAC) of the
timing advance information, and the subsequent uplink
transmission resource allocation UL grant. The UE com-
pletes the contention resolution through the RAPID in the
random access response MAC RAR being the same as the
preamble code sent by the Msgl.

[0052] The NR further introduces a new contention free
random access scenario: Beam Failure Recovery BFR. In
this scenario, the Msg2 is a PDCCH carrying the C-RNTI.
Mainly, the C-RNTT is consistent with the C-RNTI of the
UE, and the UE judges that the random access succeeds, and
thus the beam failure recovery succeeds.

[0053] Inthe NR system, due to the introduction of a high
frequency band, the UE and the base station transmit on the
determined beams, and there is a correspondence between
the receiving and sending beams of the base station and UE.
When the UE measures the poor quality of the current
working beam channel, it needs to initiate a beam failure
recovery process, which is implemented through the random
access. In one embodiment, the UE selects a specific beam,
initiates a random access, and considers that the beam failure
recovery is completed on the selected beam after the random
access succeeds. The network side allocates the non-con-
tention access resources (PRACH resources and/or pre-
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amble codes) to the UE on a plurality of beams. If there are
contention free random access resources on the beam
selected by the UE, the contention free random access is
initiated. After receiving the Msgl, the UE receives the
PDCCH command scrambled with the C-RNTI of the UE
within the configured time, and then considers that the
contention free random access succeeds. If no contention
free random access resource is allocated on the beam
selected by the UE, the UE performs the beam failure
recovery by way of the contention based random access. The
contention free random access resources for the beam failure
recovery are allocated independently on different BWPs.
The beam recovery means that the UE re-finds a beam of
which the channel quality meets the requirement. In one
embodiment, the UE selects a new Synchronization Signal
Block (SSB) or Channel State Information Reference Signal
(CSI-RS), where different SSBs or CSI-RSs correspond to
different beams. In the description of the present application,
selecting the beam is equivalent to selecting the SSB or
CSI-RS.

[0054] The deficiencies of the related art also include: if
the network side allocates the contention free random access
resources to the UE for the beam failure recovery, but no
contention free random access resource is allocated on the
active BWPs of the UE, the current mechanism does not
specify the UE behavior in this state. This will cause the
confusion of the beam failure recovery process when the UE
configures the BWPs, and the base station does not deter-
mine how the UE performs the beam failure recovery,
cannot respond in time, and cannot ensure the effective data
transmission while wasting the random access resources.
[0055] Based on this, the embodiments of the disclosure
provide a scheme for the beam failure recovery, to solve the
problem of how the UE selects the reasonable resource to
realize the beam failure recovery under the configuration of
multiple BWPs.

[0056] The specific embodiments of the disclosure will be
illustrated below in combination with the drawings.

[0057] In the description process, only the UE-side behav-
ior will be described, and the base station side only needs to
perform the random access procedure corresponding to the
UE-side process.

[0058] FIG. 3 is a schematic diagram of an implementa-
tion process of a beam failure recovery method, and as
shown, the method includes the following steps.

[0059] Step 301: a UE determines that the beam failure
recovery is required.

[0060] Step 302: the UE initiates a random access on a
selected BWP to perform the beam failure recovery. The
BWP is not changed in the random access procedure.
[0061] In one embodiment, the UE initiates the random
access on the selected BWP to perform the beam failure
recovery, where the BWP is not changed in the random
access procedure.

[0062] In an implementation, the UE initiates the random
access on the selected BWP to perform the beam failure
recovery, including the following three modes.

[0063] 1. The UE initiates a random access on an active
BWP activated before the beam failure, where if there is no
contention free random access resource for BFR on the
active BWP, a contention based random access is initiated to
perform the beam failure recovery.

[0064] In one embodiment, the UE initiates the random
access on the BWP activated before the beam failure, where
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if there is no contention free random access resource for
BFR on the active BWP, the contention based random access
is initiated to perform the beam failure recovery.

[0065] 2. The UE initiates a random access on an active
BWP activated before the beam failure, where if there is
contention free random access resource for BFR on the
active BWP, the UE initiates a contention free random
access on the active BWP to perform the beam failure
recovery; if there is no contention free random access
resource for BFR on the active BWP, a random access is
initiated on the changed default BWP configured with the
contention free random access resource to perform the beam
failure recovery.

[0066] In an implementation, the default BWP configured
with the contention free random access resource may be: an
initial BWP, or a default BWP, or a BWP configured
specially to perform the BFR.

[0067] Inone embodiment, the UE judges whether there is
contention free random access resource for BFR on the
BWP activated before the beam failure; if there is contention
free random access resource for BFR on the BWP activated
before the beam failure, UE initiates the contention free
random access on the active BWP to perform the beam
failure recovery; if there is no contention free random access
resource for BFR on the BWP activated before the beam
failure, the random access is initiated on the changed default
BWP configured with the contention free random access
resource to perform the beam failure recovery, where the
default BWP configured with the contention free random
access resource may be: an initial BWP, or a default BWP,
or a BWP configured specially to perform the BFR.

[0068] 3. The UE selects a beam on a plurality of config-
ured BWPs according to the channel quality, and initiates a
random access on the BWP where the beam is located to
perform the beam failure recovery.

[0069] In an implementation, the UE selects the beam on
the plurality of configured BWPs according to the channel
quality, which may include: performing the SSB measure-
ments and/or CSI-RS measurements on different BWPs,
where different SSBs or CSI-RSs correspond to different
beams; and selecting a beam configured with contention free
random access resource from beams that meet a channel
quality requirement, and initiating the random access on a
BWP where the beam is located; if none of the beams
configured with contention free random access resource
meets the channel quality requirement, selecting another
beam that meets the channel quality requirement, and initi-
ating the random access on a BWP where the beam is
located.

[0070] In one embodiment, the UE selects a beam with
good-enough channel quality on a plurality of configured
BWPs, and initiates the random access on the BWP corre-
sponding to the beam to perform the beam failure recovery.
The way in which the UE selects a beam with good-enough
channel quality may be: the SSB measurements and/or
CSI-RS measurements are performed on different BWPs. In
the NR system, different SSBs or CSI-RSs correspond to
different beams; and a beam configured with contention free
random access resource is selected from the beams meeting
the channel quality requirement (for example, greater than
the set channel quality threshold) and a random access is
initiated on the BWP where this beam is located. If none of
the beams configured with contention free random access
resource meets the channel quality requirement, another
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beam that meets the channel quality requirement is selected,
and a random access is initiated on the BWP where this
beam is located.

[0071] One random access failure means that the UE does
not receive the PDCCH scheduling command with the
C-RNTI during the configured time under the contention
free random access, or fails to complete the contention
resolution under the contention based random access. For
the case of the UE after one random access fails, the
“configured time” in the sentence that the UE receives the
PDCCH scheduling command with the C-RNTI during the
configured time under the contention free random access
refers to the prescribed time for receiving the random access
response of the base station, and is generally the length of
the receiving window of the random access response.
[0072] In an implementation, the method may further
include: the UE re-initiates a random access to perform the
BFR when not receiving a PDCCH scheduling command
with a C-RNTI during the configured time under the con-
tention free random access or failing to complete the con-
tention resolution under the contention based random
access.

[0073] In an implementation, after one random access
fails, the UE may re-initiate a random access for BFR in the
following ways.

[0074] 1. Re-initiating a random access by using a BWP
and beam of a last initiated random access as well as random
access resource, until the maximum number of random
accesses is reached or the BFR timer expires.

[0075] In one embodiment, after one random access fails,
the UE re-initiates a random access by using the BWP and
beam (represented as SSB or CSI-RS) of the last initiated
random access as well as random access resources, until the
maximum number of random accesses is reached or the BFR
timer expires.

[0076] 2. Performing a beam quality measurement on the
current BWP, re-selecting an SSB or CSI-RS, and re-
initiating the random access on the current BWP according
to the random access configuration under a beam corre-
sponding to the SSB or CSI-RS.

[0077] In one embodiment, after one random access fails,
the UE performs the beam quality measurement on the
current BWP, re-selects an SSB or CSI-RS, and re-initiates
the random access on the current BWP according to the
random access configuration under the beam corresponding
to the SSB or CSI-RS.

[0078] 3. Changing to a specific BWP, performing the SSB
or CSI-RS measurement on the specific BWP, selecting an
SSB or CSI-RS with channel quality higher than a threshold,
and re-initiating the random access according to the random
access configuration under a beam corresponding to the SSB
or CSI-RS, where the specific BWP is an initial BWP or
default BWP.

[0079] In one embodiment, after one random access fails,
the UE changes to the specific BWP, performs the SSB or
CSI-RS measurement on the BWP, selects an SSB or CSI-
RS with channel quality higher than the threshold, and
re-initiates the random access according to the random
access configuration under the beam corresponding to the
SSB or CSI-RS, where the specific BWP is the initial BWP
or default BWP.

[0080] 4. Re-selecting an SSB and/or CSI-RS and its
corresponding beam according to the results of the SSB or
CSI-RS measurements on a plurality of configured BWPs,
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and re-initiating the random access according to the random
access configuration under the beam corresponding to the
SSB or CSI-RS, where if the SSB and/or CSI-RS is/are not
on a current BWP, the UE re-initiates the random access on
the changed BWP where the SSB and/or CSI-RS is/are
located.

[0081] In one embodiment, after one random access fails,
the UE re-selects an SSB and/or CSI-RS and its correspond-
ing beam according to the results of the SSB or CSI-RS
measurements on a plurality of configured BWPs, and
re-initiates a random access according to the random access
configuration under the beam corresponding to the SSB or
CSI-RS. If the SSB and/or CSI-RS is/are not on the current
BWP, the UE needs to change to the BWP where the SSB
and/or CSI-RS is/are located.

[0082] The illustration is performed below by way of
examples. The following embodiments only describe the
UE-side behavior, and the base station side may perform the
random access procedure corresponding to the UE-side
process.

First Embodiment

[0083] In this embodiment, the UE performs the BFR only
on the currently active BWP.

[0084] UE side.
[0085] Step 1: the UE detects the beam failure.
[0086] Step 2: the UE performs the SSB and/or CSI-RS

measurement only on the BWP activated before the beam
failure is discovered.

[0087] Step 3: when the SSB and/or CSI-RS meeting the
channel quality requirement is/are detected, a random access
is initiated on its corresponding beam, including: one beam
is selected from the beams meeting the channel quality
requirement; if there is a beam configured with contention
free random access resource in the beams meeting the
channel quality requirement, this type of beam is selected,
and a random access is initiated by using the contention free
random access process on the selected beam to perform the
BFR; if none of the beams meeting the channel quality
requirement is configured with contention free random
access resource, or no contention free random access
resource for the BFR is configured on the BWP, the con-
tention based random access is initiated to perform the BFR.
[0088] In this random access procedure, the UE does not
change the BWP.

Second Embodiment

[0089] In this embodiment, the UE performs the BFR on
the specific BWP that can perform the BFR.

[0090] UE side.
[0091] Step 1: the UE detects the beam failure.
[0092] Step 2: the UE performs the SSB and/or CSI-RS

measurement on the BWP activated before the beam failure
is discovered.

[0093] Step 3: if no beam meeting the channel quality
requirement is detected or none of the beams meeting the
channel quality requirement is configured with contention
free random access resource for the BFR, the UE changes to
the default BWP configured with contention free random
access resource, where this BWP may be the initial BWP, or
the default BWP, or the BWP configured specially to per-
form the BFR.
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[0094] Step 4: the SSB and/or CSI-RS measurement is
performed on the changed BWP.

[0095] Step 5: when the SSB and/or CSI-RS meeting the
channel quality requirement is/are detected, a random access
is initiated on its corresponding beam, including: one beam
is selected from the beams meeting the channel quality
requirement; if there is a beam configured with contention
free random access resource in the beams meeting the
channel quality requirement, this type of beam is selected,
and a random access is initiated by using the contention free
random access process on the selected beam to perform the
BFR; if none of the beams meeting the channel quality
requirement is configured with contention free random
access resource, the contention based random access is
initiated to perform the BFR.

[0096] Third embodiment.

[0097] In this embodiment, the UE selects a BWP to
perform the BFR by measuring on all the configured BWPs.

[0098] UE side.
[0099] Step 1: the UE detects the beam failure.
[0100] Step 2: the UE performs the SSB and/or CSI-RS

measurements on a plurality of configured BWPs.

[0101] Step 3: the UE screens all the measurement results,
selects the SSBs and/or CSI-RSs meeting the channel qual-
ity requirement and their corresponding beams, where the
beam configured with contention free random access
resource is preferentially selected, and if there is no such
beam, the beam that is not configured with contention free
random access resource is selected.

[0102] Step 4: the UE changes to the BWP where the
selected SSB and/or CSI-RS is/are located, and initiates a
random access on its beam, including: if this beam is
configured with contention free random access resource, the
UE initiates a contention free random access to perform the
BFR; if this beam is not configured with contention free
random access resource, the UE initiates a contention based
random access to perform the BFR.

Fourth Embodiment

[0103] In this embodiment, after one random access fails,
the UE re-initiates a random access on the beam of the
current BWP to perform the BFR.

[0104] UE side.

[0105] Step 1: the UE initiates a random access to perform
the BFR, but this random access fails.

[0106] Step 2: the UE re-initiates a random access on the
BWP and beam (SSB or CSI-RS) where the last random
access was initiated, where if the last was the contention free
random access, one contention free random access resource
is selected from the contention free random access resources
corresponding to the SSB or CSI-RS to initiate a contention
free random access at this time; and if the last was the
contention based random access, a contention based random
access is initiated on the beam corresponding to the SSB or
CSI-RS at this time.

Fifth Embodiment

[0107] In this embodiment, after one random access fails,
the UE re-selects a beam on the current BWP to initiate a
random access perform the BFR.

[0108] UE side.

[0109] Step 1: the UE initiates a random access to perform
the BFR, but this random access fails.
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[0110] Step 2: the UE re-selects the SSB or CSI-RS
meeting the channel quality requirement on the BWP where
the last random access was initiated, preferentially selects
the SSB or CSI-RS configured with contention free random
access resource, and re-initiates a random access to perform
the BFR.

Sixth Embodiment

[0111] Inthis embodiment, the UE changes to a designated
BWP to initiate a random access.

[0112] UE side.

[0113] Step 1: the UE initiates a random access to perform
the BFR, but this random access fails.

[0114] Step 2: the UE changes to the designated BWP,
which is the initial BWP or the default BWP.

[0115] Step 3: the UE performs the SSB or CSI-RS
measurement on the BWP, selects an SSB or CSI-RS with
the channel quality higher than the threshold, and re-initiates
a random access according to the random access configu-
ration corresponding to the SSB or CSI-RS.

Seventh Embodiment

[0116] In this embodiment, the UE selects an SSB or
CSI-RS to initiate a random access according to the mea-
surement results on a plurality of configured BWPs.
[0117] UE side.

[0118] Step 1: the UE initiates a random access to perform
the BFR, but this random access fails.

[0119] Step 2: the UE evaluates the measurement results
of the SSBs or CSI-RSs on a plurality of configured BWPs,
and selects an SSB or CSI-RS with the channel quality
higher than the threshold.

[0120] Step 3: if the SSB or CSI-RS is not on the current
BWP, the BWP is changed, and a random access is initiated
on the random access resource corresponding to the SSB or
CSI-RS.

[0121] Based upon the same inventive concept, the
embodiments of the disclosure further provide UE, a com-
puter readable storage medium, and a beam failure recovery
device. Since the principle solving the problem of these
devices is similar to the beam failure recovery method, the
implementations of these devices may refer to the imple-
mentations of the method, and the repeated description
thereof will be omitted here.

[0122] When the embodiments of the disclosure is imple-
mented, it may be implemented in such way as follows.
[0123] FIG. 4 is a structural schematic diagram of a UE,
and as shown, the UE includes: a processor 400 configured
to read programs in a memory 420 to perform the process of:
determining whether BFR is required; a transceiver 410
configured to receive and send data under the control of the
processor 400 to perform the process of: performing the
BFR by initiating a random access on a selected BWP when
determining that the BFR is required, where the BWP is not
changed in a random access procedure.

[0124] In an implementation, performing the BFR by
initiating the random access on the selected BWP includes:
initiating the random access on an active BWP activated
before beam failure, where if there is no contention free
random access resource for BFR on the active BWP, the
BFR is performed by initiating a contention based random
access; or initiating the random access on an active BWP
activated before beam failure, where if there is contention
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free random access resource for BFR on the active BWP, the
BFR is performed by initiating a contention free random
access on the active BWP; and if there is no contention free
random access resource for BFR on the active BWP, the
active BWP is changed to a default BWP configured with
contention free random access resource and the BFR is
performed by initiating the random access on the changed
default BWP; or selecting a beam on a plurality of config-
ured BWPs according to channel quality, and the BFR is
performed by initiating the random access on a BWP where
the beam is located.

[0125] In an implementation, the default BWP configured
with contention free random access resource includes: an
initial BWP, or a default BWP, or a BWP configured
specially to perform the BFR.

[0126] In an implementation, selecting the beam on the
plurality of configured BWPs according to the channel
quality includes: performing the SSB measurements and/or
CSI-RS measurements on different BWPs, where different
SSBs or CSI-RSs correspond to different beams; selecting a
beam configured with contention free random access
resource from the beams that meet the channel quality
requirement, and initiating a random access on a BWP where
the beam is located; if none of beams configured with
contention free random access resource meets the channel
quality requirement, selecting another beam that meets the
channel quality requirement, and initiating a random access
on a BWP where the beam is located.

[0127] In an implementation, the process further includes:
performing the BFR by re-initiating a random access when
not receiving a PDCCH scheduling command with a
C-RNTI during the configured time under the contention
free random access or failing to complete the contention
resolution under the contention based random access.
[0128] In an implementation, performing the BFR by
re-initiating a random access includes: re-initiating the ran-
dom access by using a BWP and beam of a last initiated
random access as well as random access resource, until the
maximum number of random accesses is reached or a BFR
timer expires; or performing the beam quality measurement
on the current BWP, re-selecting an SSB or CSI-RS, and
re-initiating the random access on the current BWP accord-
ing to random access configuration under a beam corre-
sponding to the SSB or CSI-RS; or changing to a specific
BWP, performing the SSB or CSI-RS measurement on the
specific BWP, selecting an SSB or CSI-RS with channel
quality higher than a threshold, and re-initiating the random
access according to the random access configuration under
a beam corresponding to the SSB or CSI-RS, where the
specific BWP is an initial BWP or a default BWP; or
re-selecting an SSB and/or CSI-RS and its corresponding
beam according to results of SSB or CSI-RS measurements
on a plurality of configured BWPs, and re-initiating the
random access according to the random access configuration
under the beam corresponding to the SSB or CSI-RS, where
if the SSB and/or CSI-RS is/are not on a current BWP, the
random access is re-initiated on a changed BWP where the
SSB and/or CSI-RS is/are located.

[0129] Here, in FIG. 4, the bus architecture may include
any numbers of interconnected buses and bridges, and In one
embodiment link various circuits of one or more processors
represented by the processor 400 and the memory repre-
sented by the memory 420. The bus architecture may further
link various other circuits such as peripheral device, voltage

10



US 2020/0367079 Al

regulator and power management circuit, which are all well
known in the art and thus will not be further described again
herein. The bus interface provides an interface. The trans-
ceiver 410 may be a plurality of elements, i.e., include a
transmitter and a receiver, and provide the units for com-
municating with various other devices over the transmission
media. For different UEs, the user interface 430 may also be
the interface capable of inter-connecting or exter-connecting
with the required devices, and the connected devices include
but not limited to keypad, display, loudspeaker, microphone,
joystick and the like.

[0130] The processor 400 is responsible for managing the
bus architecture and general processing, and the memory
420 may store the data used by the processor 400 when
performing the operations.

[0131] An embodiment of the disclosure further provides
a computer readable storage medium storing a computer
program that performs the beam failure recovery method
described above. The details may refer to the implementa-
tions of the UE.

[0132] An embodiment of the disclosure further provides
a beam failure recovery device, including: a determining
device configured to determine that BFR is required; a
recovery device configured to perform the BFR by initiating
a random access on a selected BWP, where the BWP is not
changed in a random access procedure.

[0133] For the sake of description, all the parts of the
above-mentioned device are divided into various devices or
units by function, which are described respectively. Of
course, the functions of the various devices or units may be
implemented in the same one or more software or hardware
when the disclosure is implemented.

[0134] In summary, in the embodiments of the disclosure,
the terminal initiates the random access on the selected BWP
to perform the beam failure recovery, and does not change
the BWP during the random access procedure. Through this
solution, the terminal can select the reasonable BWP and the
SSB or CSI-RS thereon to initiate the beam failure recovery
process. The fast beam recovery may be achieved while the
impact on data transmission is minimized.

[0135] Embodiments of the disclosure can provide meth-
ods, systems and computer program products. Thus the
disclosure can take the form of hardware embodiments
alone, software embodiments alone, or embodiments com-
bining the software and hardware aspects. Also the disclo-
sure can take the form of computer program products
implemented on one or more computer usable storage medi-
ums (including but not limited to magnetic disk memories,
CD-ROMs, optical memories and the like) containing com-
puter usable program codes therein.

[0136] The disclosure is described by reference to the flow
charts and/or the block diagrams of the methods, the devices
(systems) and the computer program products according to
the embodiments of the disclosure. It should be understood
that each process and/or block in the flow charts and/or the
block diagrams, and a combination of processes and/or
blocks in the flow charts and/or the block diagrams can be
implemented by the computer program instructions. These
computer program instructions can be provided to a general-
purpose computer, a dedicated computer, an embedded
processor, or a processor of another programmable data
processing device to produce a machine, so that an apparatus
for implementing the functions specified in one or more
processes of the flow charts and/or one or more blocks of the
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block diagrams is produced by the instructions executed by
the computer or the processor of another programmable data
processing device.

[0137] These computer program instructions can also be
stored in a computer readable memory which is capable of
guiding the computer or another programmable data pro-
cessing device to operate in a particular way, so that the
instructions stored in the computer readable memory pro-
duce a manufacture including the instruction apparatus
which implements the functions specified in one or more
processes of the flow charts and/or one or more blocks of the
block diagrams.

[0138] These computer program instructions can also be
loaded onto the computer or another programmable data
processing device, so that a series of operation steps are
performed on the computer or another programmable device
to produce the computer-implemented processing. Thus the
instructions executed on the computer or another program-
mable device provide steps for implementing the functions
specified in one or more processes of the flow charts and/or
one or more blocks of the block diagrams.

[0139] Although the preferred embodiments of the disclo-
sure have been described, those skilled in the art can make
additional alterations and modifications to these embodi-
ments once they learn about the basic creative concepts.
Thus the attached claims are intended to be interpreted to
include the preferred embodiments as well as all the altera-
tions and modifications falling within the scope of the
disclosure.

[0140] Evidently those skilled in the art can make various
modifications and variations to the embodiments of the
disclosure without departing from the spirit and scope of the
embodiments of the disclosure. Thus the disclosure is also
intended to encompass these modifications and variations
therein as long as these modifications and variations to the
embodiments of the disclosure come into the scope of the
claims of the disclosure and their equivalents.

1. A beam failure recovery method, comprising:

determining, by a user equipment (UE), that beam failure
recovery (BFR) is required; and

performing, by the UE, the BFR by initiating a random
access procedure on a selected Band Width Part
(BWP), wherein the BWP is not changed in the random
access procedure.

2. The method according to claim 1, wherein said per-
forming, by the UE, the BFR by initiating random access on
the selected BWP, comprises:

initiating, by the UE, the random access on an active BWP

activated before beam failure, wherein when there is no
contention free random access resource for BFR on the
active BWP, the UE performs the BFR by initiating a
contention based random access; or

initiating, by the UE, the random access on an active BWP

activated before beam failure, wherein when there is
contention free random access resource for BFR on the
active BWP, the UE performs the BFR by initiating a
contention free random access on the active BWP; and
when there is no contention free random access
resource for BFR on the active BWP, the UE changes
the active BWP to a default BWP configured with
contention free random access resource and performs
the BFR by initiating the random access on the changed
default BWP; or
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selecting, by the UE, a beam according to channel quality
on a plurality of configured BWPs, and performing the
BFR by initiating the random access on a BWP where
the beam is located.
3. The method according to claim 2, wherein the default
BWP configured with contention free random access
resource comprises: an initial BWP, or a default BWP, or a
BWP configured specially to perform BFR.
4. The method according to claim 2, wherein said select-
ing, by the UE, the beam according to channel quality on the
plurality of configured BWPs, comprises:
performing measurements on Synchronization Signal
Blocks (SSBs) and/or Channel State Information Ref-
erence Signals (CSI-RSs) on the plurality of configured
BWPs, wherein different SSBs or CSI-RSs correspond
to different beams; and
selecting a beam configured with contention free random
access resource from beams that meet a channel quality
requirement, and initiating the random access on a
BWP where the beam is located; when none of beams
configured with contention free random access
resource meets the channel quality requirement, select-
ing another beam that meets the channel quality
requirement, and initiating the random access on a
BWP where the another beam is located.
5. The method according to claim 1, further comprising:
performing, by the UE, the BFR by re-initiating a random
access when not receiving a Physical Downlink Control
Channel (PDCCH) scheduling command with a Cell-
Radio Network Temporary Identifier (C-RNTI) during
configured time under a contention free random access
or failing to complete contention resolution under a
contention based random access.
6. The method according to claim 5, wherein said per-
forming, by the UE, the BFR by re-initiating a random
access, comprises:
re-initiating the random access by using a BWP and beam
as well as random access resource of a last initiated
random access, until a maximum quantity of random
accesses is reached or a BFR timer expires; or

performing a beam quality measurement on a current
BWP, re-selecting an SSB or CSI-RS, and re-initiating
the random access on the current BWP according to
random access configuration under a beam correspond-
ing to the SSB or CSI-RS; or
changing to a specific BWP, performing a measurement
on an SSB or CSI-RS on the specific BWP, selecting an
SSB or CSI-RS with channel quality higher than a
threshold, and re-initiating the random access accord-
ing to random access configuration under a beam
corresponding to the SSB or CSI-RS, wherein the
specific BWP is an initial BWP or a default BWP; or

re-selecting an SSB and/or CSI-RS and its corresponding
beam according to results of SSB or CSI-RS measure-
ments on a plurality of configured BWPs, and re-
initiating the random access according to random
access configuration under the beam corresponding to
the SSB or CSI-RS, wherein when the SSB and/or
CSI-RS is/are not on a current BWP, the UE re-initiates
the random access on a changed BWP where the SSB
and/or CSI-RS is/are located.

7. A user equipment (UE), comprising:

a processor configured to read programs in a memory to

perform the process of:
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determining whether beam failure recovery (BFR) is

required; and
a transceiver configured to receive and send data under
control of the processor to perform the process of:

performing the BFR by initiating a random access pro-
cedure on a selected Band Width Part (BWP) when
determining that the BFR is required, wherein the BWP
is not changed in the random access procedure.

8. The UE according to claim 7, wherein said performing
the BFR by initiating the random access on the selected
BWP, comprises:

initiating the random access on an active BWP activated

before beam failure, wherein when there is no conten-
tion free random access resource for BFR on the active
BWP, the BFR is performed by initiating a contention
based random access; or

initiating the random access on an active BWP activated

before beam failure, wherein when there is contention
free random access resource for BFR on the active
BWP, the BFR is performed by initiating a contention
free random access on the active BWP; and when there
is no contention free random access resource for BFR
on the active BWP, the active BWP is changed to a
default BWP configured with contention free random
access resource and the BFR is performed by initiating
the random access on the changed default BWP; or

selecting a beam according to channel quality on a

plurality of configured BWPs, and the BFR is per-
formed by initiating the random access on a BWP
where the beam is located.

9. The UE according to claim 8, wherein the default BWP
configured with contention free random access resource
comprises: an initial BWP, or a default BWP, or a BWP
configured specially to perform BFR.

10. The UE according to claim 8, wherein said selecting
the beam according to channel quality on the plurality of
configured BWPs, comprises:

performing measurements on Synchronization Signal

Blocks (SSBs) and/or Channel State Information Ref-
erence Signals (CSI-RSs) on the plurality of configured
BWPs, wherein different SSBs or CSI-RSs correspond
to different beams; and

selecting a beam configured with contention free random

access resource from beams that meet a channel quality
requirement, and initiating the random access on a
BWP where the beam is located; when none of beams
configured with contention free random access
resource meets the channel quality requirement, select-
ing another beam that meets the channel quality
requirement, and initiating the random access on a
BWP where the another beam is located.

11. The UE according to claim 7, wherein the process
further comprises:

performing the BFR by re-initiating a random access

when not receiving a Physical Downlink Control Chan-
nel (PDCCH) scheduling command with a Cell-Radio
Network Temporary Identifier (C-RNTI) during con-
figured time under a contention free random access or
failing to complete contention resolution under a con-
tention based random access.

12. The UE according to claim 11, wherein said perform-
ing the BFR by re-initiating a random access, comprises:

re-initiating the random access by using a BWP and beam

as well as random access resource of a last initiated
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random access, until a maximum quantity of random
accesses is reached or a BFR timer expires; or

performing a beam quality measurement on a current
BWP, re-selecting an SSB or CSI-RS, and re-initiating
the random access on the current BWP according to
random access configuration under a beam correspond-
ing to the SSB or CSI-RS; or

changing to a specific BWP, performing a measurement
on an SSB or CSI-RS on the specific BWP, selecting an
SSB or CSI-RS with channel quality higher than a
threshold, and re-initiating the random access accord-
ing to random access configuration under a beam
corresponding to the SSB or CSI-RS, wherein the
specific BWP is an initial BWP or a default BWP; or

re-selecting an SSB and/or CSI-RS and its corresponding
beam according to results of SSB or CSI-RS measure-
ments on a plurality of configured BWPs, and re-
initiating the random access according to random
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access configuration under the beam corresponding to
the SSB or CSI-RS, wherein when the SSB and/or
CSI-RS is/are not on a current BWP, the random access
is re-initiated on a changed BWP where the SSB and/or
CSI-RS is/are located.

13. A non-transitory computer readable storage medium,
wherein, the non-transitory computer readable storage
medium stores computer programs configured for perform-
ing following processes:

determining, by a user equipment (UE), that beam failure

recovery (BFR) is required; and

performing, by the UE, the BFR by initiating a random

access procedure on a selected Band Width Part
(BWP), wherein the BWP is not changed in the random
access procedure.

14. (canceled)
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