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(57) ABSTRACT

Systems and methods relating to a Contention-Based Ran-
dom Access (CBRA) procedure for Beam Failure Recovery
(BFR) are disclosed. In some embodiments, a method per-
formed by a wireless device for BFR in a wireless commu-
nication system comprises detecting a beam failure and
performing a CBRA procedure upon detecting a beam
failure, wherein performing the CBRA procedure comprises
providing, to a network node, an explicit and/or implicit
indication of: a reason for the contention-based random
access procedure being beam failure recovery; a new serving
beam for the wireless device; and an identity of the wireless
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CONTENTION BASED RANDOM ACCESS
FOR BEAM FAILURE RECOVERY

RELATED APPLICATIONS

[0001] This application claims the benefit of international
patent application serial number PCT/CN2018/072205, filed
Jan. 11, 2018, the disclosure of which is hereby incorporated
herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to Beam Failure
Recovery (BFR) in a wireless communication system such
as, e.g., a Third Generation Partnership Project (3GPP) New
Radio (NR) system and, in particular, to contention-based
random access for BFR.

BACKGROUND

[0003] Random Access (RA) is a main function of the
Medium Access Control (MAC) protocol. Beam Failure
Recovery (BFR) uses RA but needs improvement to work
satisfactory for this use case. The User Equipment (UE)
behavior can be improved when multiple Synchronization
Signal Blocks (SSBs) are available.

[0004] The evolving Fifth Generation (5G) standard in
Third Generation Partnership Project (3GPP), which is
referred to as New Radio (NR), is aiming to operate in a
wide range of frequencies from below 1 Gigahertz (GHz) up
to 100 GHz. In such a frequency range, the RA procedure in
NR must be improved to mitigate the potential propagation
losses at high frequency carriers.

[0005] In NR, BFR is used to enable quick recovery from
beam failure. Beam failure can happen for different reasons
such as, e.g., sudden blocking of a downlink beam or
inefficient beam management procedures.

[0006] The BFR procedure consists of several steps. In the
first step, beam failure detection is done in Layer 1 (L1)
when the Block Error Rate (BLER) of a (hypothetical)
Physical Downlink Control Channel (PDCCH) is above a
threshold for a certain amount of time.

[0007] In a second step, new candidate beams are identi-
fied by measuring beam identification Reference Symbols
(RSs) such as Channel State Information RSs (CSI-RSs)
which are above a threshold with respect to .1 Reference
Signal Received Power (RSRP) on the CSI-RS.

[0008] In the third step, Layer 2 (L.2) is given the set of
candidate beams, and a BFR is triggered which will initiate
a RA procedure. Typically, this will trigger a Contention-
Free Random Access (CFRA) procedure where the UE uses
a dedicated preamble which is transmitted on Physical
Random Access Channel (PRACH) resources that are dedi-
cated to BFR and indicating which beam is selected. These
PRACH resources are not dedicated to a specific UE but
common to all UEs that perform CFRA for BFR (similar to
PRACH resources dedicated to different SSBs for initial
access). Hence, by the dedicated preamble and dedicated
PRACH resource, the gNB (i.e., the NR base station) can
conclude which UE transmitted the preamble, the reason for
the transmission, and which new serving beam it indicates.
In case the UE has no dedicated preamble for BFR, it has
been agreed that Contention-Based Random Access
(CBRA) should be used instead. However, details for how
CBRA is to be performed for BFR do not exist.
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[0009] In the last step, the gNB transmits a response to the
BFR on the PDCCH addressed to the UE’s Cell Radio
Network Temporary Identifier (C-RNTI).

[0010] For NR, it has been agreed that the number of
PRACH preambles per RA Channel (RACH) Occasion (RO)
is not more than 64.

[0011] In NR, it has been agreed that both CFRA and
CBRA are allowed for the BFR procedure. For CFRA, the
main procedure has been discussed and captured by the
MAC specification (3GPP Technical Specification (TS)
38.321 V15.0.0); however, the MAC details for CBRA for
the BFR are still lacking.

SUMMARY

[0012] Systems and methods relating to a Contention-
Based Random Access (CBRA) procedure for Beam Failure
Recovery (BFR) are disclosed. In some embodiments, a
method performed by a wireless device for BFR in a
wireless communication system comprises detecting a beam
failure and performing a CBRA procedure upon detecting a
beam failure. Performing the CBRA procedure comprises
providing, to a network node, an explicit and/or implicit
indication of a reason for the contention-based random
access procedure being beam failure recovery, a new serving
beam for the wireless device, and an identity of the wireless
device.

[0013] In some embodiments, performing the contention-
based random access procedure comprises transmitting, to
the network node, a random access preamble; receiving,
from the network node, a random access response; and
transmitting, to the network node, a message comprising the
identity of the wireless device and information that indicates
the new serving beam for the wireless device. The message
provides an implicit indication that the reason for the
contention-based random access procedure is beam failure
recovery. Further, in some embodiments, the information
that indicates the new serving beam for the wireless device
comprises an index that indicates the new serving beam, a
Synchronization Signal Block (SSB) or SSB group index
associated with the new serving beam, a Channel State
Information Reference Symbol (CSI-RS) set index associ-
ated with the new serving beam, and/or a Transmission
Configuration Indicator (TCI) state index associated with the
new serving beam.

[0014] In some embodiments, the message comprises a
new Medium Access Control (MAC) Control Element (CE)
that comprises the information that indicates the new serving
beam for the wireless device. In some other embodiments,
the message comprises an existing MAC CE, wherein one or
more unused bits in the existing MAC CE are used to convey
the information that indicates the new serving beam for the
wireless device.

[0015] In some embodiments, the identity of the wireless
device is a Cell Radio Network Temporary Identifier
(C-RNTTI) of the wireless device, and the message comprises
a C-RNTI MAC CE that comprises the C-RNTI of the
wireless device.

[0016] In some embodiments, the identity of the wireless
device is a C-RNTI of the wireless device, and the message
comprises an extended C-RNTI MAC CE that comprises the
C-RNTI of the wireless device and the information that
indicates the new serving beam for the wireless device.
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[0017] In some embodiments, the message further com-
prises information that indicates that the reason for the
contention-based random access procedure is beam failure
recovery.

[0018] In some embodiments, the message further com-
prises information that indicates an old serving beam of the
wireless device for which beam failure occurred.

[0019] In some embodiments, the message further com-
prises radio quality measurement results for one or more
other beams, one or more other beam sets, one or more other
SSBs, and/or one or more other SSB groups.

[0020] In some embodiments, the identity of the wireless
device is a C-RNTI of the wireless device, and performing
the contention-based random access procedure comprises
transmitting, to the network node, a random access pre-
amble; receiving, from the network node, a random access
response; and transmitting, to the network node, a message
comprising a C-RNTI MAC CE that comprises the C-RNTI
of the wireless device and information that indicates that the
reason for the contention-based random access procedure is
beam failure recovery. In some embodiments, the informa-
tion that indicates that the reason for the contention-based
random access procedure is beam failure recovery comprises
a logical channel Identifier (ID) that is different from a
logical channel ID comprised in a C-RNTI MAC CE for
Radio Resource Control (RRC) connection reestablishment.
[0021] In some embodiments, performing the contention-
based random access procedure comprises transmitting, to
the network node, a random access preamble selected from
a reserved preamble group for beam failure recovery. The
random access preamble indicates the new serving beam for
the wireless device and that the reason for the contention-
based random access is beam failure recovery. Performing
the contention-based random access procedure further com-
prises receiving, from the network node, a random access
response and transmitting, to the network node, a message
comprising the identity of the wireless device.

[0022] In some embodiments, performing the contention-
based random access procedure comprises transmitting, to
the network node, a random access preamble on a random
access channel resource selected from a reserved resource
group for beam failure recovery. The random access channel
resource indicates the new serving beam for the wireless
device and that the reason for the contention-based random
access is beam failure recovery. Performing the contention-
based random access procedure further comprises receiving,
from the network node, a random access response and
transmitting, to the network node, a message comprising the
identity of the wireless device.

[0023] In some embodiments, performing the contention-
based random access procedure comprises transmitting, to
the network node, a random access preamble; receiving,
from the network node, a random access response; and
transmitting, to the network node, a message comprising a
RRC message that comprises information that indicates the
new serving beam for the wireless device. In some embodi-
ments, the RRC message further comprises an indication
that the reason for the contention-based random access
procedure is beam failure recovery. In some embodiments,
the identity of the wireless device is a C-RNTI of the
wireless device, and the message comprises the RRC mes-
sage and a C-RNTI MAC CE that comprises the C-RNTT of
the wireless device. In some embodiments, the RRC mes-
sage further comprises information that indicates an old
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serving beam of the wireless device. In some embodiments,
the RRC message further comprises radio quality measure-
ment results for one or more other beams, beam sets, SSBs,
and/or SSB groups.

[0024] Embodiments of a wireless device are also dis-
closed. In some embodiments, a wireless device for beam
failure recovery in a wireless communication system is
adapted to detect a beam failure and perform a contention-
based random access procedure upon detecting a beam
failure. Performing the contention-based random access
procedure comprises providing, to a network node, an
explicit and/or implicit indication of a reason for the con-
tention-based random access procedure being beam failure
recovery, a new serving beam for the wireless device, and an
identity of the wireless device.

[0025] In some other embodiments, a wireless device for
beam failure recovery in a wireless communication system
comprises one or more transmitters, one or more receivers,
and processing circuitry associated with the one or more
transmitters and the one or more receivers. The processing
circuitry is configured to cause the wireless device to detect
a beam failure and perform a contention-based random
access procedure upon detecting a beam failure. Performing
the contention-based random access procedure comprises
providing, to a network node, an explicit and/or implicit
indication of a reason for the contention-based random
access procedure being beam failure recovery, a new serving
beam for the wireless device, and an identity of the wireless
device.

[0026] Embodiments of a method performed by a base
station are also disclosed. In some embodiments, a method
performed by a base station for beam failure recovery in a
wireless communication system comprises performing,
together with a wireless device, a contention-based random
access procedure during which the base station receives,
from the wireless device, an explicit and/or implicit indica-
tion of a reason for the contention-based random access
procedure being beam failure recovery, a new serving beam
for the wireless device, and an identity of the wireless
device.

[0027] In some embodiments, performing the contention-
based random access procedure comprises receiving, from
the wireless device, a random access preamble; transmitting,
to the wireless device, a random access response; and
receiving from the wireless device, a message comprising
the identity of the wireless device and information that
indicates the new serving beam for the wireless device. The
message provides an implicit indication that the reason for
the contention-based random access procedure is beam
failure recovery. Further, in some embodiments, the infor-
mation that indicates the new serving beam for the wireless
device comprises an index that indicates the new serving
beam, a SSB or SSB group index associated with the new
serving beam, a CSI-RS set index associated with the new
serving beam, and/or a TCI state index associated with the
new serving beam. In some embodiments, the message
comprises a new MAC CE that comprises the information
that indicates the new serving beam for the wireless device.
In some other embodiments, the message comprises an
existing MAC CE, wherein one or more unused bits in the
existing MAC CE are used to convey the information that
indicates the new serving beam for the wireless device.



US 2020/0373992 Al

[0028] In some embodiments, the identity of the wireless
device is a C-RNTI of the wireless device, and the message
comprises a C-RNTI MAC CE that comprises the C-RNTI
of the wireless device.

[0029] In some embodiments, the identity of the wireless
device is a C-RNTI of the wireless device, and the message
comprises an extended C-RNTI MAC CE that comprises the
C-RNTI of the wireless device and the information that
indicates the new serving beam for the wireless device.
[0030] In some embodiments, the message further com-
prises information that indicates that the reason for the
contention-based random access procedure is beam failure
recovery.

[0031] In some embodiments, the message further com-
prises information that indicates an old serving beam of the
wireless device.

[0032] In some embodiments, the message further com-
prises radio quality measurement results for one or more
other beams, one or more other beam sets, one or more other
SSBs, and/or one or more other SSB groups.

[0033] In some embodiments, the identity of the wireless
device is a C-RNTI of the wireless device, and performing
the contention-based random access procedure comprises
receiving, from the wireless device, a random access pre-
amble; transmitting, to the wireless device, a random access
response; and receiving, from the wireless device, a message
comprising a C-RNTI MAC CE that comprises the C-RNTI
of the wireless device and information that indicates that the
reason for the contention-based random access procedure is
beam failure recovery. In some embodiments, the informa-
tion that indicates that the reason for the contention-based
random access procedure is beam failure recovery comprises
a logical channel ID that is different from a logical channel
ID comprised in a C-RNTI MAC CE for RRC connection
re-establishment.

[0034] In some embodiments, performing the contention-
based random access procedure comprises receiving, from
the wireless device, a random access preamble selected from
a reserved preamble group for beam failure recovery. The
random access preamble indicates the new serving beam for
the wireless device and that the reason for the contention-
based random access is beam failure recovery. Performing
the contention-based random access procedure further com-
prises transmitting, to the wireless device, a random access
response and receiving, from the wireless device, a message
comprising the identity of the wireless device.

[0035] In some embodiments, performing the contention-
based random access procedure comprises receiving, from
the wireless device, a random access preamble on a random
access channel resource selected from a reserved resource
group for beam failure recovery. The random access channel
resource indicates the new serving beam for the wireless
device and that the reason for the contention-based random
access is beam failure recovery. Performing the contention-
based random access procedure further comprises transmit-
ting, to the wireless device, a random access response and
receiving, from the wireless device, a message comprising
the identity of the wireless device.

[0036] In some embodiments, performing the contention-
based random access procedure comprises receiving, from
the wireless device, a random access preamble; transmitting,
to the wireless device, a random access response; and
receiving, from the wireless device, a message comprising a
RRC message that comprises information that indicates the
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new serving beam for the wireless device. In some embodi-
ments, the RRC message further comprises an indication
that the reason for the contention-based random access
procedure is beam failure recovery. In some embodiments,
the identity of the wireless device is a C-RNTI of the
wireless device, and the message comprises the RRC mes-
sage and a C-RNTI MAC CE that comprises the C-RNTT of
the wireless device. In some embodiments, the RRC mes-
sage further comprises information that indicates an old
serving beam of the wireless device. In some embodiments,
the RRC message further comprises radio quality measure-
ment results for one or more other beams, beam sets, SSBs,
and/or SSB groups.

[0037] In some embodiments, the method further com-
prises determining, based on the explicit and/or implicit
indication, that the contention-based random access proce-
dure is being performed for beam failure recovery and
refraining from initiating a RRC connection re-establish-
ment procedure upon determining that the contention-based
random access procedure is being performed for beam
failure recovery.

[0038] Embodiments of a base station are also disclosed.
In some embodiments, a base station for beam failure
recovery in a wireless communication system is adapted to
perform, together with a wireless device, a contention-based
random access procedure during which the base station
receives, from the wireless device, an explicit and/or
implicit indication of a reason for the contention-based
random access procedure being beam failure recovery, a new
serving beam for the wireless device, and an identity of the
wireless device.

[0039] In some embodiments, a base station for beam
failure recovery in a wireless communication system com-
prises processing circuitry configured to cause the base
station to perform, together with a wireless device, a con-
tention-based random access procedure during which the
base station receives, from the wireless device, an explicit
and/or implicit indication of a reason for the contention-
based random access procedure being beam failure recovery,
a new serving beam for the wireless device, and an identity
of the wireless device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] The accompanying drawing figures incorporated in
and forming a part of this specification illustrate several
aspects of the disclosure, and together with the description
serve to explain the principles of the disclosure.

[0041] FIG. 1 illustrates a conventional Radio Resource
Control (RRC) connection re-establishment procedure trig-
gered by a Radio Link Failure (RLF) or Handover (HO)
failure;

[0042] FIG. 2 illustrates one example of a cellular com-
munications network according to some embodiments of the
present disclosure;

[0043] FIG. 3 illustrates a Contention-Based Random
Access (CBRA) procedure for Beam Failure Recovery
(BFR) in accordance with at least some embodiments of the
present disclosure;

[0044] FIG. 4 is a schematic block diagram of a radio
access node according to some embodiments of the present
disclosure;

[0045] FIG. 5 is a schematic block diagram that illustrates
a virtualized embodiment of the radio access node of FIG.
4 according to some embodiments of the present disclosure;

10
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[0046] FIG. 6 is a schematic block diagram of the radio
access node of FIG. 4 according to some other embodiments
of the present disclosure;

[0047] FIG. 7 is a schematic block diagram of a User
Equipment device (UE) according to some embodiments of
the present disclosure; and

[0048] FIG. 8 is a schematic block diagram of the UE of
FIG. 7 according to some other embodiments of the present
disclosure.

DETAILED DESCRIPTION

[0049] The embodiments set forth below represent infor-
mation to enable those skilled in the art to practice the
embodiments and illustrate the best mode of practicing the
embodiments. Upon reading the following description in
light of the accompanying drawing figures, those skilled in
the art will understand the concepts of the disclosure and
will recognize applications of these concepts not particularly
addressed herein. It should be understood that these con-
cepts and applications fall within the scope of the disclosure.
[0050] Radio Node: As used herein, a “radio node” is
either a radio access node or a wireless device.

[0051] Radio Access Node: As used herein, a “radio
access node” or “radio network node” is any node in a Radio
Access Network (RAN) of a cellular communications net-
work that operates to wirelessly transmit and/or receive
signals. Some examples of a radio access node include, but
are not limited to, a base station (e.g., a New Radio (NR)
base station (gNB) in a Third Generation Partnership Project
(3GPP) Fifth Generation (5G) NR network or an enhanced
or evolved Node B (eNB) in a 3GPP Long Term Evolution
(LTE) network), a high-power or macro base station, a
low-power base station (e.g., a micro base station, a pico
base station, a home eNB, or the like), and a relay node.
[0052] Core Network Node: As used herein, a “core net-
work node” is any type of node in a core network. Some
examples of a core network node include, e.g., a Mobility
Management Entity (MME), a Packet Data Network Gate-
way (P-GW), a Service Capability Exposure Function
(SCEF), or the like.

[0053] Wireless Device: As used herein, a “wireless
device” is any type of device that has access to (i.e., is served
by) a cellular communications network by wirelessly trans-
mitting and/or receiving signals to a radio access node(s).
Some examples of a wireless device include, but are not
limited to, a User Equipment device (UE) in a 3GPP network
and a Machine Type Communication (MTC) device.
[0054] Network Node: As used herein, a “network node”
is any node that is either part of the RAN or the core network
of a cellular communications network/system.

[0055] Note that the description given herein focuses on a
3GPP cellular communications system and, as such, 3GPP
terminology or terminology similar to 3GPP terminology is
oftentimes used. However, the concepts disclosed herein are
not limited to a 3GPP system.

[0056] Note that, in the description herein, reference may
be made to the term “cell;” however, particularly with
respect to SG NR concepts, beams may be used instead of
cells and, as such, it is important to note that the concepts
described herein are equally applicable to both cells and
beams.

[0057] Some agreements concerning Beam Failure Recov-
ery (BFR) have been made in 3GPP. In particular, the
following agreements have been made in 3GPP for NR:
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[0058] BFR using a dedicated Physical Radio Access
Channel (PRACH) preamble is specified in the
Medium Access Control (MAC) and triggered upon
indication from the physical layer (i.e., the PHY layer
or Layer 1, which is referred to as L1). It has been
assumed that the PHY layer does the detection of the
beam failure.

[0059] Beam selection is specified in the MAC similar
to the Handover (HO) case.

[0060] The UE uses Contention-Free Random Access
(CFRA) when there is a beam associated to a dedicated
“preamble/resource” and the beam is above a threshold.
Otherwise, the UE uses Contention-Based Random
Access (CBRA) for BFR.

[0061] From the above agreements, both CFRA and
CBRA are allowed for the BFR procedure. For CFRA, the
main procedure has been discussed and captured by the
MAC specification for 3GPP NR; however, the MAC details
for CBRA for BFR are still lacking. Based on existing
CBRA procedure in Radio Resource Control (RRC) con-
nected state, it is expected that in case CBRA is used, the UE
selects a preamble randomly in Message 1, the UE MAC
needs to include its Cell Radio Network Temporary Identi-
fier (C-RNTI) MAC Control Element (CE) in message 3
upon reception of the Random Access Response (RAR)
message, and, optionally, RRC connection setup request
may be also included in message 3.

[0062] Upon reception of the message 3, the NR base
station (gNB) is not able to distinguish the Random Access
(RA) triggered by a BFR from other RA events triggered for
other reasons such as, e.g., RA triggered due to Physical
Uplink Control Channel (PUCCH) Scheduling Request (SR)
failure, RA triggered due to Radio Link Failure (RLF), RA
triggered due to the need to update the timing advance, etc.
In this case, the gNB may take a wrong action. For example,
the gNB may instruct the UE to do the ordinary RRC
connection re-establishment procedure. The ordinary RRC
connection re-establishment for CBRA for BFR is redundant
and may lead to unnecessary service interruption and addi-
tional User Plane (UP) latency. One example of the RRC
connection re-establishment procedure is illustrated in FIG.
1. In particular, FIG. 1 illustrates the ordinary RRC connec-
tion re-establishment procedure, which may be triggered by
RLF or HO failure.

[0063] Systems and methods are disclosed herein that
provide an improved CBRA procedure for BFR. In some
embodiments, indicators are included in Message 3 (Msg3)
to indicate the reason for RA (i.e., to indicate that the reason
is BFR) and the new serving beam together with the C-RNTI
of the UE. In some embodiments, dedicated PRACH
resources for BFR may also be used for the CBRA for BFR.
This means that the reason for the CBRA and the indicated
beam will be known to the gNB already when receiving the
preamble. In some embodiments, in Msg3, the C-RNTT is
included which makes the gNB aware of also which UE that
is doing the BFR. In case the normal PRACH resources
would be used, then Msg3 would also need to include an
indication of the reason for the CBRA.

[0064] In this regard, FIG. 2 illustrates one example of a
wireless communication system, which is also referred to
herein as a cellular communications network 200, according
to some embodiments of the present disclosure. In the
embodiments described herein, the cellular communications
network 200 is a 5G NR network. In this example, the
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cellular communications network 200 includes base stations
202-1 and 202-2, which in 5G NR are referred to as gNBs,
controlling corresponding macro cells 204-1 and 204-2. The
base stations 202-1 and 202-2 are generally referred to
herein collectively as base stations 202 and individually as
base station 202. Likewise, the macro cells 204-1 and 204-2
are generally referred to herein collectively as macro cells
204 and individually as macro cell 204. The cellular com-
munications network 200 may also include a number of low
power nodes 206-1 through 206-4 controlling corresponding
small cells 208-1 through 208-4. The low power nodes
206-1 through 206-4 can be small base stations (such as pico
or femto base stations) or Remote Radio Heads (RRHs), or
the like. Notably, while not illustrated, one or more of the
small cells 208-1 through 208-4 may alternatively be pro-
vided by the base stations 202. The low power nodes 206-1
through 206-4 are generally referred to herein collectively as
low power nodes 206 and individually as low power node
206. Likewise, the small cells 208-1 through 208-4 are
generally referred to herein collectively as small cells 208
and individually as small cell 208. The base stations 202
(and optionally the low power nodes 206) are connected to
a core network 210.

[0065] The base stations 202 and the low power nodes 206
provide service to wireless devices 212-1 through 212-5 in
the corresponding cells 204 and 208. The wireless devices
212-1 through 212-5 are generally referred to herein collec-
tively as wireless devices 212 and individually as wireless
device 212. The wireless devices 212 are also sometimes
referred to herein as UEs.

[0066] As described below, embodiments of the present
disclosure provide a CBRA procedure for BFR. In general,
in each of the embodiments disclosed herein, the CBRA
procedure is performed where the wireless device 212
provides, to the base station 202 (or likewise the low power
node 206), an explicit and/or implicit indication of the
reason for the CBRA being BFR, a new serving beam of the
wireless device 212, and an identity of the wireless device
212. Based on this information, the base station 202 is able
to determine that the CBRA procedure is being performed
for BFR and, as such, take one or more appropriate actions
such as, e.g., refraining from triggering a RRC connection
re-establishment procedure, which is redundant. As a result,
an efficient CBRA for BFR is provided.

[0067] In this regard, FIG. 3 illustrates the operation of the
wireless device 212 (referred to here as UE 212) and the
base station 202 (referred to here as gNB 202) in accordance
with at least some of the embodiments disclosed herein. As
illustrated, the wireless device 212 is in an RRC connected
state (step 300). While in RRC connected state, the wireless
device 212 detects a beam failure (step 302). The beam
failure is detected using any suitable beam failure detection
scheme. The particular beam failure detection scheme used
by the wireless device 212 is not the focus of the present
disclosure. As part of the beam failure detection, the wireless
device 212 preferably detects one or more candidate beams
and selects one of the candidate beams as a new serving
beam (i.e., as a new beam to replace the failed beam, which
is referred to herein as an old serving beam of the wireless
device 212).

[0068] Upon detecting the beam failure, the wireless
device 212 triggers a CBRA procedure. The wireless device
212 and the gNB 202 operate together to perform the CBRA
procedure (step 304). As illustrated, the CBRA procedure
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includes transmission of a preamble (i.e., a RA preamble)
from the wireless device 212 to the gNB 202 (step 304A).
Upon detecting the preamble, the gNB 202 transmits a RAR
(step 304B). Upon receiving the RAR, the wireless device
212 transmits a message (referred to in 3GPP as Msg3) to the
gNB 202 (step 304C). The gNB 202 then transmits Down-
link Control Information (DCI) including the C-RNTT of the
wireless device 212, as will be appreciated by one of skill in
the art (step 304D). The wireless device 212 then switches
to the new serving beam (step 306).

[0069] As described below in detail, during the CBRA
procedure, the wireless device 212 provides, to the gNB 202,
an explicit and/or implicit indication of the reason for the
CBRA procedure being BFR, a new serving beam for the
wireless device 212, and an identity of the wireless device
212. In some embodiments, this information is included in
Msg3 (i.e., in the message of step 304C). In some other
embodiments, at least some of this information is implied by
the particular preamble transmitted and/or the PRACH
resources used for transmission of the preamble in step
304A. Additional details and embodiments are disclosed
below.

[0070] More specifically, there are also several options to
implement the improvements. In all embodiments that are
described below, the wireless device 212 skips the UE
actions that are triggered upon the RRC connection re-
establishment procedure (such as the UE actions that are
specified in RRC specification, 3GPP TS 36.331 V15.0.0
and 38.331 V15.0.0, both in section 5.3.7 RRC connection
re-establishment). In the CBRA procedure, the wireless
device 212 indicates that the CBRA is triggered for BFR.

First Embodiment

[0071] In a first embodiment, an extension of Message 3
is used to identify the BFR triggered RA.

[0072] In a first option, in Message 3, the UE MAC entity
includes its C-RNTI MAC CE together with the index or
information of the new serving beam. In other words, the
Msg3 sent from the UE 212 to the gNB 202 in step 304C
includes the C-RNTI MAC CE of the UE MAC entity
together with an index or other information indicating the
new serving beam of the UE 212. The network (e.g., the
gNB 202) determines that the UE 212 associated with the
C-RNTT has triggered a BFR upon reception of this Message
3.

[0073] In a second option, the UE MAC carries its
C-RNTI MAC CE and other index or information to indicate
the new serving beam, such as the index of Synchronization
Signal Block (SSB) or SSB group, or index of the Channel
State Information Reference Symbol (CSI-RS) set, or the
index of the Transmission Configuration Indicator (TCI)
state which are associated with the uplink/downlink beam/
beam set that are used for the RA. In other words, the Msg3
sent from the UE 212 to the gNB 202 in step 304C includes
the C-RNTI MAC CE of the UE MAC entity together with
an index or other information indicating the new serving
beam of the UE 212, where this index or other information
indicating the new serving beam of the UE 212 is, e.g., the
index of the SSB or SSB group associated with the new
serving beam, the index of the CSI-RS set associated with
the new serving beam, or the index of the TCI state asso-
ciated with the new serving beam.
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[0074] In a third option, for all options that are described
above, a new MAC CE to carry the index that is used to
indicate the new serving beam may be defined and included
in Message 3.

[0075] In a fourth option, the C-RNTI MAC CE is
extended to carry the index that is used to indicate the new
serving beam.

[0076] Another option is to reuse fields in the existing
MAC CEs, such as any available reserved (R) bits, to carry
the index that is used to indicate the new serving beam.
[0077] Inall above options, an additional field may be also
added to indicate the type of the RA events, whether the RA
is triggered for BFR, or another purpose.

[0078] In all above options, the UE MAC may also carry
the index or information of the old serving beam that has the
failure. In all above options, some additional fields carrying
radio quality measurement results of other beams/beam
set/SSB/SSB groups may also be added so that the gNB 202
can consider whether to use these measurement results to
indicate candidate beam/beams to the wireless device 212
for a beam switch.

Second Embodiment

[0079] In asecond embodiment, a new C-RNTI MAC CE
can be defined to indicate BFR. For instance, one new
logical channel identifier (ID), which is different from the
logical channel ID of C-RNTI MAC CE for RRC connection
re-establishment, can be defined for C-RNTI MAC CE for
BFR. In other words, Msg3 in step 304C includes the new
C-RNTI MAC CE of the UE MAC entity of the UE 212,
where the new C-RNTI MAC CE includes the new logical
channel ID defined for BFR. This new logical channel ID is
different than the logical channel ID of existing C-RNTI
MAC CE used for RRC connection re-establishment. In this
case, both the new MAC CE (for indicating BFR) and the
ordinary C-RNTI MAC CE (for RRC connection re-estab-
lishment) would be carried together. The gNB can determine
if the PRACH transmission is triggered by RRC connection
re-establishment or BFR based on the logical channel ID in
the C-RNTI MAC CE.

[0080] The benefit of such solution is that the Message 3
size change is avoided compared to that in RRC connection
re-establishment, which simplified the uplink grant alloca-
tion for Message 3.

Third Embodiment

[0081] In a third embodiment, Message 1 is used to
identify that BFR triggered CBRA and the new serving
beam. Message 1 refers to the preamble transmitted in step
304A.

[0082] In CFRA for BFR, the wireless device 212 uses its
dedicated preamble, which indicates the wireless device
212, and transmits this preamble on a dedicated PRACH
resource that indicates the desired new serving beam. In this
embodiment, the dedicated PRACH resources are also used
for CBRA for BFR to indicate the new serving beam and that
the reason for RA is BFR. In this embodiment, the wireless
device 212 indicates its C-RNTI in Message 3 to identify
itself to the gNB 202. As one example, a PRACH preamble
group can be configured specially for BFR for a group of
UEs; as another example, a special set of time-frequency
resources can be configured for BFR and a UE can contend
the time-frequency resource for PRACH transmission.
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[0083] Inother words, in one example of the third embodi-
ment, the UE 212 transmits a preamble selected from a
reserved preamble group in step 304A. The preamble indi-
cates that the RA is triggered for BFR. As another example,
the UE 212 transmits a preamble with the resources selected
from a reserved resource group. The resource indicates that
the RA is triggered for BFR. The UE 212 provides its
identity, which in this example is the C-RNTI of the UE 212,
in Msg3 in step 304C.

Fourth Embodiment

[0084] In a fourth embodiment, during RA for BFR,
Message 3 carries a light RRC message, which includes the
indicator of the RA access event and the index that indicates
the new serving beam. The RRC message may also carry the
index or information of the old serving beam that has the
failure.

[0085] In this embodiment, the UE MAC entity includes
its C-RNTI MAC CE and also carries a light RRC message,
which may comprise only minimal RRC message headers
plus the index that indicates the new serving beam. An
indicator of the RA access event (whether it is RA triggered
for BFR) can be also added. Optionally, the UE MAC may
also carry radio quality measurement results of other beams/
beam set/SSB/SSB groups in the RRC message.

[0086] In other words, Msg3 sent in step 304C includes
the C-RNTI MAC CE as well as a light RRC message. This
light RRC message may comprise only some of the RRC
message headers (e.g., the least amount of RRC message
headers needed to properly send and receive the RRC
message). In addition, this light RRC message includes the
index or information that indicates the new serving beam.
Optionally, this light RRC message may include an indicator
of the RA access event (e.g., an indicator of whether the
reason for this RA is BFR).

[0087] Accordingly, the RRC may define one or multiple
new information elements for the added information as
described above.

Fifth Embodiment

[0088] In a fifth embodiment, upon reception of a RA, the
gNB 202 determines if the RA is triggered for BFR based on
the received information, e.g., in Message 3 according to
any of the above embodiments. The BFR can be determined
based on either the additional information in Message 3 or
the redefined C-RNTI MAC CE.

[0089] Once the BFR is determined, the gNB 202 knows
that the RA is triggered by BFR and, as such, radio resource
reconfiguration for the wireless device 212 is not necessary.
As such, the gNB 202 refrains from triggering a RRC
connection re-establishment procedure for the wireless
device 212. The gNB 202 may provide further signaling to
instruct the wireless device 212 for further actions. For
example, the gNB 202 may indicate the beam to which the
wireless device 212 should consider switching.

[0090] Now, a discussion of some additional aspects that
are applicable to all of the embodiments described above is
provided. FIG. 4 is a schematic block diagram of a radio
access node 400 according to some embodiments of the
present disclosure. The radio access node 400 may be, for
example, a base station 202 or 206. As illustrated, the radio
access node 400 includes a control system 402 that includes
one or more processors 404 (e.g., Central Processing Units
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(CPUs), Application Specific Integrated Circuits (ASICs),
Field Programmable Gate Arrays (FPGAs), and/or the like),
memory 406, and a network interface 408. In addition, the
radio access node 400 includes one or more radio units 410
that each includes one or more transmitters 412 and one or
more receivers 414 coupled to one or more antennas 416. In
some embodiments, the radio unit(s) 410 is external to the
control system 402 and connected to the control system 402
via, e.g., a wired connection (e.g., an optical cable). How-
ever, in some other embodiments, the radio unit(s) 410 and
potentially the antenna(s) 416 are integrated together with
the control system 402. The one or more processors 404
operate to provide one or more functions of a radio access
node 400 as described herein (e.g., the functions of the base
station or gNB 202 described above with respect to FIG. 3).
In some embodiments, the function(s) are implemented in
software that is stored, e.g., in the memory 406 and executed
by the one or more processors 404.

[0091] FIG. 5 is a schematic block diagram that illustrates
a virtualized embodiment of the radio access node 400
according to some embodiments of the present disclosure.
This discussion is equally applicable to other types of
network nodes. Further, other types of network nodes may
have similar virtualized architectures.

[0092] As used herein, a “virtualized” radio access node is
an implementation of the radio access node 400 in which at
least a portion of the functionality of the radio access node
400 is implemented as a virtual component(s) (e.g., via a
virtual machine(s) executing on a physical processing node
(s) in a network(s)). As illustrated, in this example, the radio
access node 400 includes the control system 402 that
includes the one or more processors 404 (e.g., CPUs, ASICs,
FPGAs, and/or the like), the memory 406, and the network
interface 408 and the one or more radio units 410 that each
includes the one or more transmitters 412 and the one or
more receivers 414 coupled to the one or more antennas 416,
as described above. The control system 402 is connected to
the radio unit(s) 410 via, for example, an optical cable or the
like. The control system 402 is connected to one or more
processing nodes 500 coupled to or included as part of a
network(s) 502 via the network interface 408. Each process-
ing node 500 includes one or more processors 504 (e.g.,
CPUs, ASICs, FPGAs, and/or the like), memory 506, and a
network interface 508.

[0093] In this example, functions 510 of the radio access
node 400 described herein (e.g., the functions of the base
station or gNB 202 described above with respect to FIG. 3)
are implemented at the one or more processing nodes 500 or
distributed across the control system 402 and the one or
more processing nodes 500 in any desired manner. In some
particular embodiments, some or all of the functions 510 of
the radio access node 400 described herein are implemented
as virtual components executed by one or more virtual
machines implemented in a virtual environment(s) hosted by
the processing node(s) 500. As will be appreciated by one of
ordinary skill in the art, additional signaling or communi-
cation between the processing node(s) 500 and the control
system 402 is used in order to carry out at least some of the
desired functions 510. Notably, in some embodiments, the
control system 402 may not be included, in which case the
radio unit(s) 410 communicate directly with the processing
node(s) 500 via an appropriate network interface(s).

[0094] Insome embodiments, a computer program includ-
ing instructions which, when executed by at least one
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processor, causes the at least one processor to carry out the
functionality of radio access node 400 or a node (e.g., a
processing node 500) implementing one or more of the
functions 510 of the radio access node 400 in a virtual
environment according to any of the embodiments described
herein is provided. In some embodiments, a carrier com-
prising the aforementioned computer program product is
provided. The carrier is one of an electronic signal, an
optical signal, a radio signal, or a computer readable storage
medium (e.g., a non-transitory computer readable medium
such as memory).

[0095] FIG. 6 is a schematic block diagram of the radio
access node 400 according to some other embodiments of
the present disclosure. The radio access node 400 includes
one or more modules 600, each of which is implemented in
software. The module(s) 600 provide the functionality of the
radio access node 400 described herein (e.g., the functions
of the base station or gNB 202 described above with respect
to FIG. 3). This discussion is equally applicable to the
processing node 500 of FIG. 5 where the modules 600 may
be implemented at one of the processing nodes 500 or
distributed across multiple processing nodes 500 and/or
distributed across the processing node(s) 500 and the control
system 402.

[0096] FIG. 7 is a schematic block diagram of a UE 700
according to some embodiments of the present disclosure.
As illustrated, the UE 700 includes one or more processors
702 (e.g., CPUs, ASICs, FPGAs, and/or the like), memory
704, and one or more transceivers 706 each including one or
more transmitters 708 and one or more receivers 710
coupled to one or more antennas 712. In some embodiments,
the functionality of the UE 700 described above (e.g., the
functions of the UE 212 described above with respect to
FIG. 3) may be fully or partially implemented in software
that is, e.g., stored in the memory 704 and executed by the
processor(s) 702.

[0097] Insome embodiments, a computer program includ-
ing instructions which, when executed by at least one
processor, causes the at least one processor to carry out the
functionality of the UE 700 according to any of the embodi-
ments described herein is provided. In some embodiments,
a carrier comprising the aforementioned computer program
product is provided. The carrier is one of an electronic
signal, an optical signal, a radio signal, or a computer
readable storage medium (e.g., a non-transitory computer
readable medium such as memory).

[0098] FIG. 8 is a schematic block diagram of the UE 700
according to some other embodiments of the present disclo-
sure. The UE 700 includes one or more modules 800, each
of which is implemented in software. The module(s) 800
provide the functionality of the UE 700 described herein
(e.g., the functions of the UE 212 described above with
respect to FIG. 3).

[0099] Any appropriate steps, methods, features, func-
tions, or benefits disclosed herein may be performed through
one or more functional units or modules of one or more
virtual apparatuses. Each virtual apparatus may comprise a
number of these functional units. These functional units may
be implemented via processing circuitry, which may include
one or more microprocessor or microcontrollers, as well as
other digital hardware, which may include Digital Signal
Processors (DSPs), special-purpose digital logic, and the
like. The processing circuitry may be configured to execute
program code stored in memory, which may include one or
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several types of memory such as Read Only Memory
(ROM), Random Access Memory (RAM), cache memory,
flash memory devices, optical storage devices, etc. Program
code stored in memory includes program instructions for
executing one or more telecommunications and/or data
communications protocols as well as instructions for carry-
ing out one or more of the techniques described herein. In
some implementations, the processing circuitry may be used
to cause the respective functional unit to perform corre-
sponding functions according one or more embodiments of
the present disclosure.

[0100] While processes in the figures may show a particu-
lar order of operations performed by certain embodiments of
the present disclosure, it should be understood that such
order is exemplary (e.g., alternative embodiments may per-
form the operations in a different order, combine certain
operations, overlap certain operations, etc.).

[0101] Some exemplary embodiments include:
Embodiment 1
[0102] A method performed by a wireless device (212) for

beam failure recovery in a wireless communication system
(200), comprising:

[0103] detecting (302) a beam failure;

[0104] performing (304) a contention-based random
access procedure upon detecting a beam failure,
wherein performing the contention-based random
access procedure comprises providing, to a network
node (202), an explicit and/or implicit indication of:
[0105] a reason for the contention-based random

access procedure being beam failure recovery;
[0106] a new serving beam for the wireless device
(212); and

[0107] an identity of the wireless device (212).
Embodiment 2
[0108] The method of embodiment 1 wherein performing

the contention-based random access procedure comprises:
transmitting (304A), to the network node (202), a random
access preamble; receiving (304B), from the network node
(202), a random access response; and transmitting (304C), to
the network node (202), a message comprising the identity
of the wireless device (212) and information that indicates
the new serving beam for the wireless device (212), wherein
the message provides an implicit indication that the reason
for the contention-based random access procedure is beam
failure recovery.

Embodiment 3

[0109] The method of embodiment 2 wherein the identity
of the wireless device (212) is a Cell Radio Network
Temporary Identifier, C-RNTI, of the wireless device (212),
and the message comprises a C-RNTI Medium Access
Control, MAC, Control Element, CE, that comprises the
C-RNTT of the wireless device (212).

Embodiment 4

[0110] The method of embodiment 2 or 3 wherein the
information that indicates the new serving beam for the
wireless device (212) comprises a beam index of the new
serving beam, a Synchronization Signal Block, SSB, or SSB
group index associated with the new serving beam, a Chan-
nel State Information Reference Symbol, CSI-RS, set index
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associated with the new serving beam, and/or a Transmis-
sion Configuration Indication, TCI, state index associated
with the new serving beam.

Embodiment 5

[0111] The method of any one of embodiments 2 to 4
wherein the message comprises a new MAC CE that com-
prises the information that indicates the new serving beam
for the wireless device (212).

Embodiment 6

[0112] The method of any one of embodiments 2 to 4
wherein the message comprises an existing MAC CE,
wherein one or more unused bits in the existing MAC CE are
used to convey the information that indicates the new
serving beam for the wireless device (212).

Embodiment 7

[0113] The method of embodiment 2 wherein the identity
of the wireless device (212) is a Cell Radio Network
Temporary Identifier, C-RNTI, of the wireless device (212),
and the message comprises an extended C-RNTI Medium
Access Control, MAC, Control Element, CE, that comprises
the C-RNTI of the wireless device (212) and the information
that indicates the new serving beam for the wireless device
(212).

Embodiment 8

[0114] The method of any one of embodiments 2 to 7
wherein the message further comprises information that
indicates that the reason for the contention-based random
access procedure is beam failure recovery.

Embodiment 9

[0115] The method of any one of embodiments 2 to 8
wherein the message further comprises information that
indicates an old serving beam of the wireless device (212).

Embodiment 10

[0116] The method of any one of embodiments 2 to 9
wherein the message further comprises radio quality mea-
surement results for one or more other beams, beam sets,
Synchronization Signal Blocks, SSBs, and/or SSB groups.

Embodiment 11

[0117] The method of embodiment 2 wherein the identity
of the wireless device (212) is a Cell Radio Network
Temporary Identifier, C-RNTI, of the wireless device (212),
and the message comprises a C-RNTI Medium Access
Control, MAC, Control Element, CE, that comprises the
C-RNTT of the wireless device (212) and information that
indicates that the reason for the contention-based random
access procedure is beam failure recovery.

Embodiment 12

[0118] The method of embodiment 11 wherein the infor-
mation that indicates that the reason for the contention-based
random access procedure is beam failure recovery comprises
a logical channel identifier, ID, that is different from a
logical channel ID comprised in a C-RNTI MAC CE for
Radio Resource Control, RRC, connection re-establishment.
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Embodiment 13

[0119] The method of embodiment 1 wherein performing
the contention-based random access procedure comprises:
transmitting (304A), to the network node (202), a dedicated
random access preamble on dedicated random access chan-
nel resources, wherein the dedicated random access pre-
amble indicates the identity of the wireless device (212) and
the dedicated random access channel resources indicate the
new serving beam for the wireless device (212); receiving
(304B), from the network node (202), a random access
response; and transmitting (304C), to the network node
(202), a message comprising the identity of the wireless
device (212).

Embodiment 14

[0120] The method of embodiment 1 wherein performing
the contention-based random access procedure comprises:
[0121] transmitting (304A), to the network node (202),

a random access preamble;

[0122] receiving (304B), from the network node (202),

a random access response; and

[0123] transmitting (304C), to the network node (202),

a message comprising a Radio Resource Control, RRC,

message that comprises:

[0124] an indication that the reason for the conten-
tion-based random access procedure is beam failure
recovery; and

[0125] information that indicates the new serving
beam for the wireless device (212).

Embodiment 15

[0126] The method of embodiment 14 wherein the identity
of the wireless device (212) is a Cell Radio Network
Temporary Identifier, C-RNTI, of the wireless device (212),
and the message comprises a C-RNTI Medium Access
Control, MAC, Control Element, CE, that comprises the
C-RNTT of the wireless device (212) and the RRC message.

Embodiment 16

[0127] The method of embodiment 14 or 15 wherein the
RRC message further comprises information that indicates
an old serving beam of the wireless device (212).

Embodiment 17

[0128] The method of any one of embodiments 14 to 16
wherein the RRC message further comprises radio quality
measurement results for one or more other beams, beam
sets, Synchronization Signal Blocks, SSBs, and/or SSB
groups.

Embodiment 18

[0129] A method performed by a base station (202) for
beam failure recovery in a wireless communication system
(200), comprising:

[0130] performing, together with a wireless device
(212), a contention-based random access procedure,
wherein performing the contention-based random
access procedure comprises receiving (304), from the
wireless device (212), an explicit and/or implicit indi-
cation of:

[0131] a reason for the contention-based random
access procedure being beam failure recovery;
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[0132] a new serving beam for the wireless device
(212); and

[0133] an identity of the wireless device (212).

Embodiment 19

[0134] The method of embodiment 18 wherein performing
the contention-based random access procedure comprises:
receiving (304A), from the wireless device (212), a random
access preamble; transmitting (304B), to the wireless device
(212), a random access response; and receiving (304C),
from the wireless device (212), a message comprising the
identity of the wireless device (212) and information that
indicates the new serving beam for the wireless device
(212), wherein the message provides an implicit indication
that the reason for the contention-based random access
procedure is beam failure recovery.

Embodiment 20

[0135] The method of embodiment 19 wherein the identity
of the wireless device (212) is a Cell Radio Network
Temporary Identifier, C-RNTI, of the wireless device (212),
and the message comprises a C-RNTI Medium Access
Control, MAC, Control Element, CE, that comprises the
C-RNTT of the wireless device (212).

Embodiment 21

[0136] The method of embodiment 19 or 20 wherein the
information that indicates the new serving beam for the
wireless device (212) comprises a beam index of the new
serving beam, a Synchronization Signal Block, SSB, or SSB
group index associated with the new serving beam, a Chan-
nel State Information Reference Symbol, CSI-RS, set index
associated with the new serving beam, and/or a Transmis-
sion Configuration Indication, TCI, state index associated
with the new serving beam.

Embodiment 22

[0137] The method of any one of embodiments 19 to 21
wherein the message comprises a new MAC CE that com-
prises the information that indicates the new serving beam
for the wireless device (212).

Embodiment 23

[0138] The method of any one of embodiments 19 to 21
wherein the message comprises an existing MAC CE,
wherein one or more unused bits in the existing MAC CE are
used to convey the information that indicates the new
serving beam for the wireless device (212).

Embodiment 24

[0139] The method of embodiment 19 wherein the identity
of the wireless device (212) is a Cell Radio Network
Temporary Identifier, C-RNTI, of the wireless device (212),
and the message comprises an extended C-RNTI Medium
Access Control, MAC, Control Element, CE, that comprises
the C-RNTI of the wireless device (212) and the information
that indicates the new serving beam for the wireless device
(212).
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Embodiment 25

[0140] The method of any one of embodiments 19 to 24
wherein the message further comprises information that
indicates that the reason for the contention-based random
access procedure is beam failure recovery.

Embodiment 26

[0141] The method of any one of embodiments 19 to 25
wherein the message further comprises information that
indicates an old serving beam of the wireless device (212).

Embodiment 27

[0142] The method of any one of embodiments 19 to 26
wherein the message further comprises radio quality mea-
surement results for one or more other beams, beam sets,
Synchronization Signal Block, SSBs, and/or SSB groups.

Embodiment 28

[0143] The method of embodiment 19 wherein the identity
of the wireless device (212) is a Cell Radio Network
Temporary Identifier, C-RNTI, of the wireless device (212),
and the message comprises a C-RNTI Medium Access
Control, MAC, Control Element, CE, that comprises the
C-RNTT of the wireless device (212) and information that
indicates that the reason for the contention-based random
access procedure is beam failure recovery.

Embodiment 29

[0144] The method of embodiment 28 wherein the infor-
mation that indicates that the reason for the contention-based
random access procedure is beam failure recovery comprises
a logical channel identifier, ID, that is different from a
logical channel ID comprised in a C-RNTI MAC CE for
Radio Resource Control, RRC, connection re-establishment.

Embodiment 30

[0145] The method of embodiment 18 wherein performing
the contention-based random access procedure comprises:
receiving (304A), from the wireless device (212), a dedi-
cated random access preamble on dedicated random access
channel resources, wherein the dedicated random access
preamble indicates the identity of the wireless device (212)
and the dedicated random access channel resources indicate
the new serving beam for the wireless device (212); trans-
mitting (304B), to the wireless device (212), a random
access response; and receiving (304C), from the wireless
device (212), a message comprising the identity of the
wireless device (212).

Embodiment 31

[0146] The method of embodiment 18 wherein performing
the contention-based random access procedure comprises:
[0147] receiving (304A), from the wireless device
(212), a random access preamble;
[0148] transmitting (304B), to the wireless device
(212), a random access response; and
[0149] receiving (304C), from the wireless device
(212), a message comprising a Radio Resource Control,
RRC, message that comprises:
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[0150] an indication that the reason for the conten-
tion-based random access procedure is beam failure
recovery; and

[0151] information that indicates the new serving
beam for the wireless device (212).

Embodiment 32

[0152] The method of embodiment 31 wherein the identity
of the wireless device (212) is a Cell Radio Network
Temporary Identifier, C-RNTI, of the wireless device (212),
and the message comprises a C-RNTI Medium Access
Control, MAC, Control Element, CE, that comprises the
C-RNTT of the wireless device (212) and the RRC message.

Embodiment 33

[0153] The method of embodiment 31 or 32 wherein the
RRC message further comprises information that indicates
an old serving beam of the wireless device (212).

Embodiment 34

[0154] The method of any one of embodiments 31 to 33
wherein the RRC message further comprises radio quality
measurement results for one or more other beams, beam
sets, Synchronization Signal Blocks, SSBs, and/or SSB
groups.

Embodiment 35

[0155] The method of any one of embodiments 18 to 34
further comprising: determining, based on the explicit and/
or implicit indication, that the contention-based random
access procedure is being performed for beam failure recov-
ery; and refraining from initiating a RRC connection re-
establishment procedure upon determining that the conten-
tion-based random access procedure is being performed for
beam failure recovery.

Embodiment 36

[0156] A wireless device (700) for beam failure recovery
in a wireless communication system (200), the wireless
device (700) comprising: processing circuitry (702) config-
ured to perform any of the steps of any of embodiments 1 to
18; and power supply circuitry configured to supply power
to the wireless device (700).

Embodiment 37

[0157] A base station (400) for beam failure recovery in a
wireless communication system (200), the base station (400)
comprising: processing circuitry (404) configured to per-
form any of the steps of any one of embodiments 18 to 35;
and power supply circuitry configured to supply power to
the base station (400).

Embodiment 38

[0158] A User Equipment, UE, (700) for beam failure
recovery in a wireless communication system (200), the UE
(700) comprising: an antenna (712) configured to send and
receive wireless signals; radio front-end circuitry connected
to the antenna (712) and to processing circuitry (702), and
configured to condition signals communicated between the
antenna (712) and the processing circuitry (702); the pro-
cessing circuitry (702) being configured to perform any of
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the steps of any one of embodiments 1 to 18; an input
interface connected to the processing circuitry (702) and
configured to allow input of information into the UE (700)
to be processed by the processing circuitry (702); an output
interface connected to the processing circuitry (702) and
configured to output information from the UE (700) that has
been processed by the processing circuitry (702); and a
battery connected to the processing circuitry (702) and
configured to supply power to the UE (700).

[0159] At least some of the following abbreviations may
be used in this disclosure. If there is an inconsistency
between abbreviations, preference should be given to how it
is used above. If listed multiple times below, the first listing
should be preferred over any subsequent listing(s).

[0160] 3GPP Third Generation Partnership Project

[0161] 5G Fifth Generation

[0162] AP Access Point

[0163] ASIC Application Specific Integrated Circuit

[0164] BFR Beam Failure Recovery

[0165] BLER Block Error Rate

[0166] CBRA Contention-Based Random Access

[0167] CE Control Element

[0168] CFRA Contention-Free Random Access

[0169] CPU Central Processing Unit

[0170] C-RNTI Cell Radio Network Temporary Identi-
fier

[0171] CSI-RS Channel State Information Reference
Symbol

[0172] DCI Downlink Control Information

[0173] DSP Digital Signal Processor

[0174] eNB Enhanced or Evolved Node B

[0175] FPGA Field Programmable Gate Array

[0176] GHz Gigahertz

[0177] gNB New Radio Base Station

[0178] HO Handover

[0179] ID Identifier

[0180] LTE Long Term Evolution

[0181] MAC Medium Access Control

[0182] MME Mobility Management Entity

[0183] MTC Machine Type Communication

[0184] NR New Radio

[0185] OTT Over-the-Top

[0186] PDCCH Physical Downlink Control Channel

[0187] P-GW Packet Data Network Gateway

[0188] PRACH Physical Random Access Channel

[0189] PUCCH Physical Uplink Control Channel

[0190] RA Random Access

[0191] RACH Random Access Channel

[0192] RAM Random Access Memory

[0193] RAN Radio Access Network

[0194] RAR Random Access Response

[0195] RLF Radio Link Failure

[0196] RO Random Access Channel Occasion

[0197] ROM Read Only Memory

[0198] RRC Radio Resource Control

[0199] RRH Remote Radio Head

[0200] RS Reference Symbol

[0201] RSRP Reference Signal Received Power

[0202] SCEF Service Capability Exposure Function

[0203] SR Scheduling Request

[0204] SSB Synchronization Signal Block

[0205] TCI Transmission Configuration Indicator

[0206] TS Technical Specification
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[0207] UE User Equipment
[0208] UP User Plane
[0209] Those skilled in the art will recognize improve-

ments and modifications to the embodiments of the present
disclosure. All such improvements and modifications are
considered within the scope of the concepts disclosed
herein.

1. A method performed by a wireless device for beam
failure recovery in a wireless communication system, com-
prising:

detecting a beam failure; and

performing a contention-based random access procedure

upon detecting the beam failure, wherein performing
the contention-based random access procedure com-
prises:
transmitting, to a network node, a random access
preamble;
receiving, from the network node, a random access
response; and
transmitting, to the network node, a message compris-
ing an identity of the wireless device and information
that indicates a new serving beam for the wireless
device, wherein:
the message provides an implicit indication that a
reason for the contention-based random access
procedure is beam failure recovery; and
the message comprises an existing Medium Access
Control, MAC, Control Element, CE, where one
or more unused bits in the existing MAC CE are
used to convey the information that indicates the
new serving beam for the wireless device.

2. (canceled)

3. The method of claim 1 wherein the information that
indicates the new serving beam for the wireless device
comprises:

an index that indicates the new serving beam;

a Synchronization Signal Block, SSB, or SSB group index

associated with the new serving beam;

a Channel State Information Reference Symbol, CSI-RS,

set index associated with the new serving beam; and/or

a Transmission Configuration Indicator, TCI, state index

associated with the new serving beam.

4. (canceled)

5. (canceled)

6. The method of claim 1 wherein the identity of the
wireless device is a Cell Radio Network Temporary Identi-
fier, C-RNTI, of the wireless device, and the message
comprises a C-RNTI MAC CE that comprises the C-RNTI
of the wireless device.

7. The method of claim 3 wherein the identity of the
wireless device is a Cell Radio Network Temporary Identi-
fier, C-RNTI, of the wireless device, and the message
comprises an extended C-RNTI MAC CE that comprises the
C-RNTI of the wireless device and the information that
indicates the new serving beam for the wireless device.

8. The method of claim 1 wherein the message further
comprises information that indicates that the reason for the
contention-based random access procedure is beam failure
recovery.

9. The method of claim 1 wherein the message further
comprises information that indicates an old serving beam of
the wireless device for which the beam failure occurred.

10. The method of claim 1 wherein the message further
comprises radio quality measurement results for:
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one or more other beams;

one or more other beam sets;

one or more other SSBs; and/or

one or more other SSB groups.

11. The method of claim 1 wherein the identity of the
wireless device is a Cell Radio Network Temporary Identi-
fier, C-RNTI, of the wireless device, and the message
comprises a C-RNTI MAC CE that comprises the C-RNTI
of the wireless device.

12. The method of claim 11 wherein the implicit indica-
tion that the reason for the contention-based random access
procedure is beam failure recovery comprises a logical
channel identifier, ID, that is different from a logical channel
ID comprised in a C-RNTI MAC CE for Radio Resource
Control, RRC, connection re-establishment.

13. The method of claim 1 wherein transmitting, to the
network node, the random access preamble comprises trans-
mitting, to the network node, a random access preamble
selected from a reserved preamble group for beam failure
recovery, wherein the random access preamble indicates the
new serving beam and that the reason for the contention-
based random access procedure is beam failure recovery.

14. The method of claim 1 wherein transmitting, to the
network node, the random access preamble comprises trans-
mitting, to the network node, a random access preamble on
a random access channel resource selected from a reserved
resource group for beam failure recovery, wherein the ran-
dom access channel resource indicates the new serving beam
and that the reason for the contention-based random access
procedure is beam failure recovery.

15. The method of claim 1 wherein the message com-
prises a Radio Resource Control, RRC, message that com-
prises the information that indicates the new serving beam
for the wireless device.

16. The method of claim 15 wherein the RRC message
further comprises an indication that the reason for the
contention-based random access procedure is beam failure
recovery.

17. The method of claim 15 wherein the identity of the
wireless device is a Cell Radio Network Temporary Identi-
fier, C-RNTI, of the wireless device, and the message
comprises the RRC message and a C-RNTI MAC CE that
comprises the C-RNTI of the wireless device.

18. The method of claim 15 wherein the RRC message
further comprises information that indicates an old serving
beam of the wireless device.

19. The method of claim 15 wherein the RRC message
further comprises radio quality measurement results for one
or more other beams, beam sets, Synchronization Signal
Blocks, SSBs, and/or SSB groups.

20. A wireless device for beam failure recovery in a
wireless communication system, the wireless device adapted
to:

detect a beam failure; and

perform a contention-based random access procedure
upon detecting the beam failure, wherein the wireless
device is adapted to perform the contention-based
random access procedure by being adapted to:

transmit, to a network node, a random access preamble;

receive, from the network node, a random access
response; and

12

Nov. 26, 2020

transmit, to the network node, a message comprising an

identity of the wireless device and information that

indicates a new serving beam for the wireless device,

wherein:

the message provides an implicit indication that a
reason for the contention-based random access
procedure is beam failure recovery; and

the message comprises an existing Medium Access
Control, MAC, Control Element, CE, where one
or more unused bits in the existing MAC CE are
used to convey the information that indicates the
new serving beam for the wireless device.

21. (canceled)

22. A wireless device for beam {failure recovery in a
wireless communication system, the wireless device com-
prising:

one or more transmitters and one or more receivers; and

processing circuitry associated with the one or more

transmitters and the one or more receivers, the process-
ing circuitry configured to cause the wireless device to:
detect a beam failure; and
perform a contention-based random access procedure
upon detecting the beam failure, wherein the pro-
cessing circuitry is configured to cause the wireless
device to perform the contention-based random
access procedure by being configured to cause the
wireless device to:
transmit, to a network node, a random access pre-
amble;
receive, from the network node, a random access
response; and
transmit, to the network node, a message comprising
an identity of the wireless device and information
that indicates a new serving beam for the wireless
device, wherein:
the message provides an implicit indication that a
reason for the contention-based random access
procedure is beam failure recovery; and
the message comprises an existing Medium
Access Control, MAC, Control Element, CE,
where one or more unused bits in the existing
MAC CE are used to convey the information
that indicates the new serving beam for the
wireless device.

23. (canceled)

24. A method performed by a base station for beam failure
recovery in a wireless communication system, comprising:

performing, together with a wireless device, a contention-

based random access procedure wherein:
performing the contention-based random access proce-
dure comprises:
receiving, from the wireless device, a random access
preamble;
transmitting, to the wireless device, a random access
response; and
receiving, from the wireless device, a message com-
prising an identity of the wireless device and
information that indicates a new serving beam for
the wireless device, wherein:
the message provides an implicit indication that a
reason for the contention-based random access
procedure is beam failure recovery; and
the message comprises an existing Medium
Access Control, MAC, Control Element, CE,
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wherein one or more unused bits in the existing
MAC CE are used to convey the information
that indicates the new serving beam for the
wireless device.

25. (canceled)

26. The method of claim 24 wherein the information that
indicates the new serving beam for the wireless device
comprises:

an index that indicates the new serving beam;

a Synchronization Signal Block, SSB, or SSB group index

associated with the new serving beam;

a Channel State Information Reference Symbol, CSI-RS,

set index associated with the new serving beam; and/or

a Transmission Configuration Indicator, TCI, state index

associated with the new serving beam.

27. (canceled)

28. (canceled)

29. The method of claim 24 wherein the identity of the
wireless device is a Cell Radio Network Temporary Identi-
fier, C-RNTI, of the wireless device, and the message
comprises a C-RNTI MAC CE that comprises the C-RNTI
of the wireless device.

30. The method of claim 24 wherein the identity of the
wireless device is a Cell Radio Network Temporary Identi-
fier, C-RNTI, of the wireless device, and the message
comprises an extended C-RNTI MAC CE that comprises the
C-RNTI of the wireless device and the information that
indicates the new serving beam for the wireless device.

31. The method of claim 24 wherein the message further
comprises information that indicates that the reason for the
contention-based random access procedure is beam failure
recovery.

32. The method of claim 24 wherein the message further
comprises information that indicates an old serving beam of
the wireless device.

33. The method of claim 24 wherein the message further
comprises radio quality measurement results for:

one or more other beams;

one or more other beam sets;

one or more other SSBs; and/or

one or more other SSB groups.

34. The method of claim 24 wherein the identity of the
wireless device is a Cell Radio Network Temporary Identi-
fier, C-RNTI, of the wireless device, and the message
comprises a C-RNTI MAC CE that comprises the C-RNTI
of the wireless device.

35. The method of claim 34 wherein the implicit indica-
tion that the reason for the contention-based random access
procedure is beam failure recovery comprises a logical
channel identifier, ID, that is different from a logical channel
ID comprised in a C-RNTI MAC CE for Radio Resource
Control, RRC, connection re-establishment.

36. The method of claim 24 wherein receiving, from the
wireless device, the random access preamble comprises
receiving, from the wireless device, a random access pre-
amble selected from a reserved preamble group for beam
failure recovery, wherein the random access preamble indi-
cates the new serving beam and that the reason for the
contention-based random access procedure is beam failure
recovery.

37. The method of claim 24 wherein receiving, from the
wireless device, the random access preamble comprises
receiving, from the wireless device, a random access pre-
amble on a random access channel resource selected from a
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reserved resource group for beam failure recovery, wherein
the random access channel resource indicates the new serv-
ing beam and that the reason for the contention-based
random access procedure is beam failure recovery.

38. The method of claim 24 wherein the message com-
prises a Radio Resource Control, RRC, message that com-
prises the information that indicates the new serving beam
for the wireless device.

39. The method of claim 38 wherein the RRC message
further comprises an indication that the reason for the
contention-based random access procedure is beam failure
recovery.

40. The method of claim 38 wherein the identity of the
wireless device is a Cell Radio Network Temporary Identi-
fier, C-RNTI, of the wireless device, and the message
comprises the RRC message and a C-RNTI MAC CE that
comprises the C-RNTI of the wireless device.

41. The method of claim 38 wherein the RRC message
further comprises information that indicates an old serving
beam of the wireless device.

42. The method of claim 38 wherein the RRC message
further comprises radio quality measurement results for one
or more other beams, beam sets, Synchronization Signal
Blocks, SSBs, and/or SSB groups.

43. The method of claim 24 further comprising:

determining, based on the implicit indication, that the

contention-based random access procedure is being
performed for beam failure recovery; and

refraining from initiating a RRC connection re-establish-

ment procedure upon determining that the contention-
based random access procedure is being performed for
beam failure recovery.

44. A base station for beam failure recovery in a wireless
communication system, the base station adapted to:

perform, together with a wireless device, a contention-

based random access procedure wherein:
the base station is adapted to perform the contention-
based random access procedure by being adapted to:
receive, from the wireless device, a random access
preamble;
transmit, to the wireless device, a random access
response; and
receive, from the wireless device, a message com-
prising an identity of the wireless device and
information that indicates a new serving beam for
the wireless device, wherein:
the message provides an implicit indication that a
reason for the contention-based random access
procedure is beam failure recovery; and
the message comprises an existing Medium
Access Control, MAC, Control Element, CE,
wherein one or more unused bits in the existing
MAC CE are used to convey the information
that indicates the new serving beam for the
wireless device (212).
45. (canceled)

46. A base station for beam failure recovery in a wireless
communication system, the base station comprising:
processing circuitry configured to cause the base station to
perform, together with a wireless device, a contention-
based random access procedure wherein:
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the processing circuitry is configured to cause the base
station to perform the contention-based random
access procedure by being configured to cause the
base station to:
receive, from the wireless device, a random access
preamble;
transmit, to the wireless device, a random access
response; and
receive, from the wireless device, a message com-
prising an identity of the wireless device and
information that indicates a new serving beam for
the wireless device, wherein:
the message provides an implicit indication that a
reason for the contention-based random access
procedure is beam failure recovery; and
the message comprises an existing Medium
Access Control, MAC, Control Element, CE,
wherein one or more unused bits in the existing
MAC CE are used to convey the information
that indicates the new serving beam for the
wireless device.
47. (canceled)
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