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(54) BEAM FAILURE RECOVERY PROCEDURE IN CARRIER AGGREGATION

(57) Systems, apparatuses, and methods are de-
scribed for wireless communications. A base station may
send, to a wireless device, one or more configuration
parameters of a primary cell and a secondary cell. The
one or more configuration parameters may comprise: a
first preamble for a first beam failure recovery (BFR) pro-
cedure of the primary cell, a second preamble for a sec-
ond BFR procedure of the secondary cell and a time-fre-
quency resource associated with the primary cell. The
wireless device may send the first preamble via the
time-frequency resource associated with the primary cell
to perform the first BFR procedure. The wireless device
may send the second preamble via the time-frequency
resource associated with the primary cell to perform the
second BFR.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Pro-
visional Application No. 62/628,615, titled "Beam Failure
Recovery Procedure in Carrier Aggregation" and filed on
February 9, 2018; U.S. Patent Application No.
62/628,609, titled "Monitoring Beam Failure Recovery
Request Response in Carrier Aggregation" and filed on
February 9, 2018; and U.S. Patent Application No.
62/629,936, titled "Resource Association for Beam Fail-
ure Recovery Transmission in Carrier Aggregation" and
filed on February 13, 2018. Each of the above-referenced
applications is hereby incorporated by reference in its
entirety.

BACKGROUND

[0002] Wireless communications may incur beam fail-
ures. An insufficient response to a beam failure may de-
crease the reliability of a wireless device. It is desired to
improve wireless communications by improving respons-
es to beam failures without adversely increasing signal-
ing overhead or interference, increasing power con-
sumption, and/or decreasing spectral efficiency.

SUMMARY

[0003] The following summary presents a simplified
summary of certain features. The summary is not an ex-
tensive overview and is not intended to identify key or
critical elements.
[0004] Systems, apparatuses, and methods are de-
scribed for enhanced beam failure recovery procedures,
including beam failure recovery (BFR) procedures of a
secondary cell. A wireless device may initiate a random
access procedure associated with a primary cell, for ex-
ample, if it detects a beam failure of a secondary cell. If
the secondary cell is deactivated, the wireless device
may abort the random access procedure associated with
the primary cell The base station may introduce an as-
sociation between random access resources for the BFR
procedure of the secondary cell and one or more candi-
date beams of the secondary cell such that the base sta-
tion may distinguish the candidate beam selected by the
wireless device for the secondary cell BFR procedure.
By using a particular control resource set, the wireless
device can inform the base station of a candidate beam
selection.
[0005] These and other features and advantages are
described in greater detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Some features are shown by way of example,
and not by limitation, in the accompanying drawings. In
the drawings, like numerals reference similar elements.

FIG. 1 shows a diagram of an example radio access
network (RAN) architecture.

FIG. 2A shows a diagram of an example user plane
protocol stack.

FIG.2B shows a diagram of an example control plane
protocol stack.

FIG. 3 shows a diagram of an example wireless de-
vice and two base stations.

FIG. 4A, FIG. 4B, FIG. 4C and FIG. 4D show example
diagrams for uplink and downlink signal transmis-
sion.

FIG. 5A shows a diagram of an example uplink chan-
nel mapping and example uplink physical signals.

FIG. 5B shows a diagram of an example downlink
channel mapping and example downlink physical
signals.

FIG. 6 shows a diagram of an example transmission
time and/ or reception time for a carrier.

FIG. 7A and FIG. 7B show diagrams of example sets
of orthogonal frequency division multiplexing
(OFDM) subcarriers.

FIG. 8 shows a diagram of example OFDM radio
resources.

FIG. 9A shows a diagram of an example channel
state information reference signal (CSI-RS) and/or
synchronization signal (SS) block transmission in a
multi-beam system.

FIG. 9B shows a diagram of an example downlink
beam management procedure.

FIG. 10 shows an example diagram of configured
bandwidth parts (BWPs).

FIG. 11A, and FIG. 11B show diagrams of an exam-
ple multi connectivity.

FIG. 12 shows a diagram of an example random ac-
cess procedure

FIG. 13 shows a structure of example medium ac-
cess control (MAC) entities.

FIG. 14 shows a diagram of an example RAN archi-
tecture.

FIG. 15 shows a diagram of example radio resource
control (RRC) states.
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FIG. 16A, FIG. 16B and FIG. 16C show examples
of a MAC subheader.

FIG. 17A and FIG. 17B show examples of up-
link/downlink (UL/DL) MAC protocol data unit (PDU).

FIG. 18A and FIG. 18B show examples of logical
channel identifiers (LCIDs).

FIG. 19A and FIG. 19B show examples of secondary
cell activation and/or deactivation MAC control ele-
ment (CE).

FIG. 20A and FIG. 20B show examples of a downlink
beam failure.

FIG. 21 shows a diagram of example beam failure
recovery (BFR) procedures for a primary cell.

FIG. 22A and FIG. 22B show diagrams of example
BFR procedures for a secondary cell.

FIG. 23 shows examples of aborting a BFR proce-
dure associated with a secondary cell via received
downlink control information (DCI).

FIG. 24A and Fig. 24B show examples of secondary
cell deactivation and aborting a random access pro-
cedure for the BFR procedure.

FIG. 25 shows a diagram of example BFR proce-
dures for deactivating a secondary cell and contin-
uing and/or aborting a BFR procedure.

FIG. 26 shows a diagram of example BFR proce-
dures for a secondary cell and selecting a reference
signal (RS) configured on a primary cell.

FIG. 27 shows examples of quasi co-locating (QCL)
a demodulated reference signal (DM-RS) with a ref-
erence signal (RS) for the primary cell.

FIG. 28 shows examples of a wireless device mon-
itoring a primary cell control resource set (coreset)
via a preconfigured RS.

FIG. 29 shows examples of monitoring one or more
coresets for a primary cell and a secondary cell.

FIG. 30 shows a diagram of example BFR proce-
dures for a secondary cell.

FIG. 31 shows examples of frequency division mul-
tiplexing (FDM) resources for candidate RSs of the
primary cell and the secondary cell.

FIG. 32 shows examples of time division multiplexing
(TDM) resources for candidate RSs of the primary

cell and the secondary cell.

FIG. 33 shows examples of code division multiplex-
ing (CDM) resources for candidate RSs of the pri-
mary cell and the secondary cell.

FIG. 34 shows examples of distributing the allocation
of beam failure recovery request (BFRQ) resources
to one or more cells.

FIG. 35 shows example elements of a computing
device that may be used to implement any of the
various devices described herein.

DETAILED DESCRIPTION

[0007] The accompanying drawings and descriptions
provide examples. It is to be understood that the exam-
ples shown in the drawings and/or described are non-
exclusive and that there are other examples of how fea-
tures shown and described may be practiced.
[0008] Examples are provided for operation of wireless
communication systems which may be used in the tech-
nical field of multicarrier communication systems. More
particularly, the technology described herein may relate
to wireless communication systems in multicarrier com-
munication systems.
[0009] The following acronyms are used throughout
the drawings and/or descriptions, and are provided below
for convenience although other acronyms may be intro-
duced in the detailed description:

3GPP 3rd Generation Partnership Project
5GC 5G Core Network
ACK Acknowledgement
AMF Access and Mobility Management Func-

tion
ARQ Automatic Repeat Request
AS Access Stratum
ASIC Application-Specific Integrated Circuit
BA Bandwidth Adaptation
BCCH Broadcast Control Channel
BCH Broadcast Channel
BPSK Binary Phase Shift Keying
BWP Bandwidth Part
CA Carrier Aggregation
CC Component Carrier
CCCH Common Control CHannel
CDMA Code Division Multiple Access
CN Core Network
CP Cyclic Prefix
CP-OFDM Cyclic Prefix- Orthogonal Frequency Divi-

sion Multiplex
C-RNTI Cell-Radio Network Temporary Identifier
CS Configured Scheduling
CSI Channel State Information
CSI-RS Channel State Information-Reference

Signal
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CQI Channel Quality Indicator
CSS Common Search Space
CU Central Unit
DC Dual Connectivity
DCCH Dedicated Control Channel
DCI Downlink Control Information
DL Downlink
DL-SCH Downlink Shared CHannel
DM-RS DeModulation Reference Signal
DRB Data Radio Bearer
DRX Discontinuous Reception
DTCH Dedicated Traffic Channel
DU Distributed Unit
EPC Evolved Packet Core
E-UTRA Evolved UMTS Terrestrial Radio Access
E-UTRAN Evolved-Universal Terrestrial Radio Ac-

cess Network
FDD Frequency Division Duplex
FPGA Field Programmable Gate Arrays
F1-C F1-Control plane
F1-U F1-User plane
gNB next generation Node B
HARQ Hybrid Automatic Repeat reQuest
HDL Hardware Description Languages
IE Information Element
IP Internet Protocol
LCID Logical Channel Identifier
LTE Long Term Evolution
MAC Media Access Control
MCG Master Cell Group
MCS Modulation and Coding Scheme
MeNB Master evolved Node B
MIB Master Information Block
MME Mobility Management Entity
MN Master Node
NACK Negative Acknowledgement
NAS Non-Access Stratum
NG CP Next Generation Control Plane
NGC Next Generation Core
NG-C NG-Control plane
ng-eNB next generation evolved Node B
NG-U NG-User plane
NR New Radio
NR MAC New Radio MAC
NR PDCP New Radio PDCP
NR PHY New Radio PHYsical
NR RLC New Radio RLC
NR RRC New Radio RRC
NSSAI Network Slice Selection Assistance Infor-

mation
O&M Operation and Maintenance
OFDM orthogonal Frequency Division Multiplex-

ing
PBCH Physical Broadcast CHannel
PCC Primary Component Carrier
PCCH Paging Control CHannel
PCell Primary Cell
PCH Paging CHannel

PDCCH Physical Downlink Control CHannel
PDCP Packet Data Convergence Protocol
PDSCH Physical Downlink Shared CHannel
PDU Protocol Data Unit
PHICH Physical HARQ Indicator CHannel
PHY PHYsical
PLMN Public Land Mobile Network
PMI Precoding Matrix Indicator
PRACH Physical Random Access CHannel
PRB Physical Resource Block
PSCell Primary Secondary Cell
PSS Primary Synchronization Signal
pTAG primary Timing Advance Group
PT-RS Phase Tracking Reference Signal
PUCCH Physical Uplink Control CHannel
PUSCH Physical Uplink Shared CHannel
QAM Quadrature Amplitude Modulation
QFI Quality of Service Indicator
QoS Quality of Service
QPSK Quadrature Phase Shift Keying
RA Random Access
RACH Random Access CHannel
RAN Radio Access Network
RAT Radio Access Technology
RA-RNTI Random Access-Radio Network Tempo-

rary Identifier
RB Resource Blocks
RBG Resource Block Groups
RI Rank indicator
RLC Radio Link Control
RRC Radio Resource Control
RS Reference Signal
RSRP Reference Signal Received Power
SCC Secondary Component Carrier
SCell Secondary Cell
SCG Secondary Cell Group
SC-FDMA Single Carrier-Frequency Division Multi-

ple Access
SDAP Service Data Adaptation Protocol
SDU Service Data Unit
SeNB Secondary evolved Node B
SFN System Frame Number
S-GW Serving GateWay
SI System Information
SIB System Information Block
SMF Session Management Function
SN Secondary Node
SpCell Special Cell
SRB Signaling Radio Bearer
SRS Sounding Reference Signal
SS Synchronization Signal
SSS Secondary Synchronization Signal
sTAG secondary Timing Advance Group
TA Timing Advance
TAG Timing Advance Group
TAI Tracking Area Identifier
TAT Time Alignment Timer
TB Transport Block

5 6 
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TC-RNTI Temporary Cell-Radio Network Tempo-
rary Identifier

TDD Time Division Duplex
TDMA Time Division Multiple Access
TTI Transmission Time Interval
UCI Uplink Control Information
UE User Equipment
UL Uplink
UL-SCH Uplink Shared CHannel
UPF User Plane Function
UPGW User Plane Gateway
VHDL VHSIC Hardware Description Language
Xn-C Xn-Control plane
Xn-U Xn-User plane

[0010] Examples described herein may be implement-
ed using various physical layer modulation and transmis-
sion mechanisms. Example transmission mechanisms
may include, but are not limited to: Code Division Multiple
Access (CDMA), Orthogonal Frequency Division Multiple
Access (OFDMA), Time Division Multiple Access (TD-
MA), Wavelet technologies, and/or the like. Hybrid trans-
mission mechanisms such as TDMA/CDMA, and/or
OFDM/CDMA may be used. Various modulation
schemes may be used for signal transmission in the phys-
ical layer. Examples of modulation schemes include, but
are not limited to: phase, amplitude, code, a combination
of these, and/or the like. An example radio transmission
method may implement Quadrature Amplitude Modula-
tion (QAM) using Binary Phase Shift Keying (BPSK),
Quadrature Phase Shift Keying (QPSK), 16-QAM, 64-
QAM, 256-QAM, and/or the like. Physical radio transmis-
sion may be enhanced by dynamically or semi-dynami-
cally changing the modulation and coding scheme, for
example, depending on transmission requirements
and/or radio conditions.
[0011] FIG. 1 shows an example Radio Access Net-
work (RAN) architecture. A RAN node may comprise a
next generation Node B (gNB) (e.g., 120A, 120B) pro-
viding New Radio (NR) user plane and control plane pro-
tocol terminations towards a first wireless device (e.g.,
110A). A RAN node may comprise a base station such
as a next generation evolved Node B (ng-eNB) (e.g.,
120C, 120D), providing Evolved UMTS Terrestrial Radio
Access (E-UTRA) user plane and control plane protocol
terminations towards a second wireless device (e.g.,
110B). A first wireless device 110A may communicate
with a base station, such as a gNB 120A, over a Uu in-
terface. A second wireless device 110B may communi-
cate with a base station, such as an ng-eNB 120D, over
a Uu interface.
[0012] A base station , such as a gNB (e.g., 120A,
120B, etc.) and/or an ng-eNB (e.g., 120C, 120D, etc.)
may host functions such as radio resource management
and scheduling, IP header compression, encryption and
integrity protection of data, selection of Access and Mo-
bility Management Function (AMF) at wireless device
(e.g., User Equipment (UE)) attachment, routing of user

plane and control plane data, connection setup and re-
lease, scheduling and transmission of paging messages
(e.g., originated from the AMF), scheduling and trans-
mission of system broadcast information (e.g., originated
from the AMF or Operation and Maintenance (O&M)),
measurement and measurement reporting configuration,
transport level packet marking in the uplink, session man-
agement, support of network slicing, Quality of Service
(QoS) flow management and mapping to data radio bear-
ers, support of wireless devices in an inactive state (e.g.,
RRC_INACTIVE state), distribution function for Non-Ac-
cess Stratum (NAS) messages, RAN sharing, dual con-
nectivity, and/or tight interworking between NR and E-
UTRA.
[0013] One or more first base stations (e.g., gNBs
120A and 120B) and/or one or more second base stations
(e.g., ng-eNBs 120C and 120D) may be interconnected
with each other via Xn interface. A first base station (e.g.,
gNB 120A, 120B, etc.) or a second base station (e.g.,
ng-eNB 120C, 120D, etc.) may be connected via NG in-
terfaces to a network, such as a 5G Core Network (5GC).
A 5GC may comprise one or more AMF/User Plan Func-
tion (UPF) functions (e.g., 130A and/or 130B). A base
station (e.g., a gNB and/or an ng-eNB) may be connected
to a UPF via an NG-User plane (NG-U) interface. The
NG-U interface may provide delivery (e.g., non-guaran-
teed delivery) of user plane Protocol Data Units (PDUs)
between a RAN node and the UPF. A base station (e.g.,
an gNB and/or an ng-eNB) may be connected to an AMF
via an NG-Control plane (NG-C) interface. The NG-C in-
terface may provide functions such as NG interface man-
agement, wireless device (e.g., UE) context manage-
ment, wireless device (e.g., UE) mobility management,
transport of NAS messages, paging, PDU session man-
agement, configuration transfer, and/or warning mes-
sage transmission.
[0014] A UPF may host functions such as anchor point
for intra-/inter-Radio Access Technology (RAT) mobility
(e.g., if applicable), external PDU session point of inter-
connect to data network, packet routing and forwarding,
packet inspection and user plane part of policy rule en-
forcement, traffic usage reporting, uplink classifier to sup-
port routing traffic flows to a data network, branching point
to support multi-homed PDU session, quality of service
(QoS) handling for user plane, packet filtering, gating,
Uplink (UL)/Downlink (DL) rate enforcement, uplink traf-
fic verification (e.g., Service Data Flow (SDF) to QoS flow
mapping), downlink packet buffering, and/or downlink
data notification triggering.
[0015] An AMF may host functions such as NAS sig-
naling termination, NAS signaling security, Access Stra-
tum (AS) security control, inter Core Network (CN) node
signaling (e.g., for mobility between 3rd Generation Part-
nership Project (3GPP) access networks), idle mode
wireless device reachability (e.g., control and execution
of paging retransmission), registration area manage-
ment, support of intra-system and inter-system mobility,
access authentication, access authorization including

7 8 
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check of roaming rights, mobility management control
(e.g., subscription and/or policies), support of network
slicing, and/or Session Management Function (SMF) se-
lection.
[0016] FIG. 2A shows an example user plane protocol
stack. A Service Data Adaptation Protocol (SDAP) (e.g.,
211 and 221), Packet Data Convergence Protocol (PD-
CP) (e.g., 212 and 222), Radio Link Control (RLC) (e.g.,
213 and 223), and Media Access Control (MAC) (e.g.,
214 and 224) sublayers, and a Physical (PHY) (e.g., 215
and 225) layer, may be terminated in a wireless device
(e.g., 110) and in a base station (e.g., 120) on a network
side. A PHY layer may provide transport services to high-
er layers (e.g., MAC, RRC, etc). Services and/or func-
tions of a MAC sublayer may comprise mapping between
logical channels and transport channels, multiplexing
and/or demultiplexing of MAC Service Data Units (SDUs)
belonging to the same or different logical channels into
and/or from Transport Blocks (TBs) delivered to and/or
from the PHY layer, scheduling information reporting, er-
ror correction through Hybrid Automatic Repeat request
(HARQ) (e.g., one HARQ entity per carrier for Carrier
Aggregation (CA)), priority handling between wireless
devices such as by using dynamic scheduling, priority
handling between logical channels of a wireless device
such as by using logical channel prioritization, and/or
padding. A MAC entity may support one or multiple nu-
merologies and/or transmission timings. Mapping restric-
tions in a logical channel prioritization may control which
numerology and/or transmission timing a logical channel
may use. An RLC sublayer may support transparent
mode (TM), unacknowledged mode (UM), and/or ac-
knowledged mode (AM) transmission modes. The RLC
configuration may be per logical channel with no depend-
ency on numerologies and/or Transmission Time Interval
(TTI) durations. Automatic Repeat Request (ARQ) may
operate on any of the numerologies and/or TTI durations
with which the logical channel is configured. Services
and functions of the PDCP layer for the user plane may
comprise, for example, sequence numbering, header
compression and decompression, transfer of user data,
reordering and duplicate detection, PDCP PDU routing
(e.g., such as for split bearers), retransmission of PDCP
SDUs, ciphering, deciphering and integrity protection,
PDCP SDU discard, PDCP re-establishment and data
recovery for RLC AM, and/or duplication of PDCP PDUs.
Services and/or functions of SDAP may comprise, for
example, mapping between a QoS flow and a data radio
bearer. Services and/or functions of SDAP may comprise
mapping a Quality of Service Indicator (QFI) in DL and
UL packets. A protocol entity of SDAP may be configured
for an individual PDU session.
[0017] FIG. 2B shows an example control plane pro-
tocol stack. A PDCP (e.g., 233 and 242), RLC (e.g., 234
and 243), and MAC (e.g., 235 and 244) sublayers, and
a PHY (e.g., 236 and 245) layer, may be terminated in a
wireless device (e.g., 110), and in a base station (e.g.,
120) on a network side, and perform service and/or func-

tions described above. RRC (e.g., 232 and 241) may be
terminated in a wireless device and a base station on a
network side. Services and/or functions of RRC may
comprise broadcast of system information related to AS
and/or NAS; paging (e.g., initiated by a 5GC or a RAN);
establishment, maintenance, and/or release of an RRC
connection between the wireless device and RAN; secu-
rity functions such as key management, establishment,
configuration, maintenance, and/or release of Signaling
Radio Bearers (SRBs) and Data Radio Bearers (DRBs);
mobility functions; QoS management functions; wireless
device measurement reporting and control of the report-
ing; detection of and recovery from radio link failure;
and/or NAS message transfer to/from NAS from/to a
wireless device. NAS control protocol (e.g., 231 and 251)
may be terminated in the wireless device and AMF (e.g.,
130) on a network side. NAS control protocol may per-
form functions such as authentication, mobility manage-
ment between a wireless device and an AMF (e.g., for
3GPP access and non-3GPP access), and/or session
management between a wireless device and an SMF
(e.g., for 3GPP access and non-3GPP access).
[0018] A base station may configure a plurality of log-
ical channels for a wireless device. A logical channel of
the plurality of logical channels may correspond to a radio
bearer. The radio bearer may be associated with a QoS
requirement. A base station may configure a logical chan-
nel to be mapped to one or more TTIs and/or numerolo-
gies in a plurality of TTIs and/or numerologies. The wire-
less device may receive Downlink Control Information
(DCI) via a Physical Downlink Control CHannel (PDCCH)
indicating an uplink grant. The uplink grant may be for a
first TTI and/or a first numerology and may indicate uplink
resources for transmission of a transport block. The base
station may configure each logical channel in the plurality
of logical channels with one or more parameters to be
used by a logical channel prioritization procedure at the
MAC layer of the wireless device. The one or more pa-
rameters may comprise, for example, priority, prioritized
bit rate, etc. A logical channel in the plurality of logical
channels may correspond to one or more buffers com-
prising data associated with the logical channel. The log-
ical channel prioritization procedure may allocate the up-
link resources to one or more first logical channels in the
plurality of logical channels and/or to one or more MAC
Control Elements (CEs). The one or more first logical
channels may be mapped to the first TTI and/or the first
numerology. The MAC layer at the wireless device may
multiplex one or more MAC CEs and/or one or more MAC
SDUs (e.g., logical channel) in a MAC PDU (e.g., trans-
port block). The MAC PDU may comprise a MAC header
comprising a plurality of MAC sub-headers. A MAC sub-
header in the plurality of MAC sub-headers may corre-
spond to a MAC CE or a MAC SUD (e.g., logical channel)
in the one or more MAC CEs and/or in the one or more
MAC SDUs. A MAC CE and/or a logical channel may be
configured with a Logical Channel IDentifier (LCID). An
LCID for a logical channel and/or a MAC CE may be fixed

9 10 
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and/or pre-configured. An LCID for a logical channel
and/or MAC CE may be configured for the wireless device
by the base station. The MAC sub-header corresponding
to a MAC CE and/or a MAC SDU may comprise an LCID
associated with the MAC CE and/or the MAC SDU.
[0019] A base station may activate, deactivate, and/or
impact one or more processes (e.g., set values of one or
more parameters of the one or more processes or start
and/or stop one or more timers of the one or more proc-
esses) at the wireless device, for example, by using one
or more MAC commands. The one or more MAC com-
mands may comprise one or more MAC control ele-
ments. The one or more processes may comprise acti-
vation and/or deactivation of PDCP packet duplication
for one or more radio bearers. The base station may send
(e.g., transmit) a MAC CE comprising one or more fields.
The values of the fields may indicate activation and/or
deactivation of PDCP duplication for the one or more
radio bearers. The one or more processes may comprise
Channel State Information (CSI) transmission of on one
or more cells. The base station may send (e.g., transmit)
one or more MAC CEs indicating activation and/or deac-
tivation of the CSI transmission on the one or more cells.
The one or more processes may comprise activation
and/or deactivation of one or more secondary cells. The
base station may send (e.g., transmit) a MA CE indicating
activation and/or deactivation of one or more secondary
cells. The base station may send (e.g., transmit) one or
more MAC CEs indicating starting and/or stopping of one
or more Discontinuous Reception (DRX) timers at the
wireless device. The base station may send (e.g., trans-
mit) one or more MAC CEs indicating one or more timing
advance values for one or more Timing Advance Groups
(TAGs).
[0020] FIG. 3 shows a diagram of base stations (base
station 1, 120A, and base station 2, 120B) and a wireless
device 110. The wireless device 110 may comprise a UE
or any other wireless device. The base station (e.g.,
120A, 120B) may comprise a Node B, eNB, gNB, ng-
eNB, or any other base station. A wireless device and/or
a base station may perform one or more functions of a
relay node. The base station 1, 120A, may comprise at
least one communication interface 320A (e.g., a wireless
modem, an antenna, a wired modem, and/or the like), at
least one processor 321A, and at least one set of program
code instructions 323A that may be stored in non-transi-
tory memory 322A and executable by the at least one
processor 321A. The base station 2, 120B, may comprise
at least one communication interface 320B, at least one
processor 321B, and at least one set of program code
instructions 323B that may be stored in non-transitory
memory 322B and executable by the at least one proc-
essor 321B.
[0021] A base station may comprise any number of
sectors, for example: 1, 2, 3, 4, or 6 sectors. A base sta-
tion may comprise any number of cells, for example,
ranging from 1 to 50 cells or more. A cell may be cate-
gorized, for example, as a primary cell or secondary cell.

At Radio Resource Control (RRC) connection establish-
ment, re-establishment, handover, etc., a serving cell
may provide NAS (non-access stratum) mobility informa-
tion (e.g., Tracking Area Identifier (TAI)). At RRC con-
nection re-establishment and/or handover, a serving cell
may provide security input. This serving cell may be re-
ferred to as the Primary Cell (PCell). In the downlink, a
carrier corresponding to the PCell may be a DL Primary
Component Carrier (PCC). In the uplink, a carrier may
be an UL PCC. Secondary Cells (SCells) may be config-
ured to form together with a PCell a set of serving cells,
for example, depending on wireless device capabilities.
In a downlink, a carrier corresponding to an SCell may
be a downlink secondary component carrier (DL SCC).
In an uplink, a carrier may be an uplink secondary com-
ponent carrier (UL SCC). An SCell may or may not have
an uplink carrier.
[0022] A cell, comprising a downlink carrier and option-
ally an uplink carrier, may be assigned a physical cell ID
and/or a cell index. A carrier (downlink and/or uplink) may
belong to one cell. The cell ID and/or cell index may iden-
tify the downlink carrier and/or uplink carrier of the cell
(e.g., depending on the context it is used). A cell ID may
be equally referred to as a carrier ID, and a cell index
may be referred to as a carrier index. A physical cell ID
and/or a cell index may be assigned to a cell. A cell ID
may be determined using a synchronization signal trans-
mitted via a downlink carrier. A cell index may be deter-
mined using RRC messages. A first physical cell ID for
a first downlink carrier may indicate that the first physical
cell ID is for a cell comprising the first downlink carrier.
The same concept may be used, for example, with carrier
activation and/or deactivation (e.g., secondary cell acti-
vation and/or deactivation). A first carrier that is activated
may indicate that a cell comprising the first carrier is ac-
tivated.
[0023] A base station may send (e.g., transmit) to a
wireless device one or more messages (e.g., RRC mes-
sages) comprising a plurality of configuration parameters
for one or more cells. One or more cells may comprise
at least one primary cell and at least one secondary cell.
An RRC message may be broadcasted and/or unicasted
to the wireless device. Configuration parameters may
comprise common parameters and dedicated parame-
ters.
[0024] Services and/or functions of an RRC sublayer
may comprise at least one of: broadcast of system infor-
mation related to AS and/or NAS; paging initiated by a
5GC and/or an NG-RAN; establishment, maintenance,
and/or release of an RRC connection between a wireless
device and an NG-RAN, which may comprise at least
one of addition, modification, and/or release of carrier
aggregation; and/or addition, modification, and/or re-
lease of dual connectivity in NR or between E-UTRA and
NR. Services and/or functions of an RRC sublayer may
comprise at least one of security functions comprising
key management; establishment, configuration, mainte-
nance, and/or release of Signaling Radio Bearers (SRBs)

11 12 



EP 3 525 516 A1

8

5

10

15

20

25

30

35

40

45

50

55

and/or Data Radio Bearers (DRBs); mobility functions
which may comprise at least one of a handover (e.g.,
intra NR mobility or inter-RAT mobility) and/or a context
transfer; and/or a wireless device cell selection and/or
reselection and/or control of cell selection and reselec-
tion. Services and/or functions of an RRC sublayer may
comprise at least one of QoS management functions; a
wireless device measurement configuration/reporting;
detection of and/or recovery from radio link failure; and/or
NAS message transfer to and/or from a core network
entity (e.g., AMF, Mobility Management Entity (MME))
from and/or to the wireless device.
[0025] An RRC sublayer may support an RRC_Idle
state, an RRC_Inactive state, and/or an
RRC_Connected state for a wireless device. In an
RRC_Idle state, a wireless device may perform at least
one of: Public Land Mobile Network (PLMN) selection;
receiving broadcasted system information; cell selection
and/or re-selection; monitoring and/or receiving a paging
for mobile terminated data initiated by 5GC; paging for
mobile terminated data area managed by 5GC; and/or
DRX for CN paging configured via NAS. In an
RRC_Inactive state, a wireless device may perform at
least one of: receiving broadcasted system information;
cell selection and/or re-selection; monitoring and/or re-
ceiving a RAN and/or CN paging initiated by an NG-RAN
and/or a 5GC; RAN-based notification area (RNA) man-
aged by an NG- RAN; and/or DRX for a RAN and/or CN
paging configured by NG-RAN/NAS. In an RRC_Idle
state of a wireless device, a base station (e.g., NG-RAN)
may keep a 5GC-NG-RAN connection (e.g., both C/U-
planes) for the wireless device; and/or store a wireless
device AS context for the wireless device. In an
RRC_Connected state of a wireless device, a base sta-
tion (e.g., NG-RAN) may perform at least one of: estab-
lishment of 5GC-NG-RAN connection (both C/U-planes)
for the wireless device; storing a UE AS context for the
wireless device; send (e.g., transmit) and/or receive of
unicast data to and/or from the wireless device; and/or
network-controlled mobility based on measurement re-
sults received from the wireless device. In an
RRC_Connected state of a wireless device, an NG-RAN
may know a cell to which the wireless device belongs.
[0026] System information (SI) may be divided into
minimum SI and other SI. The minimum SI may be peri-
odically broadcast. The minimum SI may comprise basic
information required for initial access and/or information
for acquiring any other SI broadcast periodically and/or
provisioned on-demand (e.g., scheduling information).
The other SI may either be broadcast, and/or be provi-
sioned in a dedicated manner, such as either triggered
by a network and/or upon request from a wireless device.
A minimum SI may be transmitted via two different down-
link channels using different messages (e.g., MasterIn-
formationBlock and SystemInformationBlockType1). An-
other SI may be transmitted via
SystemInformationBlockType2. For a wireless device in
an RRC_Connected state, dedicated RRC signalling

may be used for the request and delivery of the other SI.
For the wireless device in the RRC_Idle state and/or in
the RRC_Inactive state, the request may trigger a ran-
dom-access procedure.
[0027] A wireless device may report its radio access
capability information, which may be static. A base sta-
tion may request one or more indications of capabilities
for a wireless device to report based on band information.
A temporary capability restriction request may be sent
by the wireless device (e.g., if allowed by a network) to
signal the limited availability of some capabilities (e.g.,
due to hardware sharing, interference, and/or overheat-
ing) to the base station. The base station may confirm or
reject the request. The temporary capability restriction
may be transparent to 5GC (e.g., only static capabilities
may be stored in 5GC).
[0028] A wireless device may have an RRC connection
with a network, for example, if CA is configured. At RRC
connection establishment, re-establishment, and/or
handover procedures, a serving cell may provide NAS
mobility information. At RRC connection re-establish-
ment and/or handover, a serving cell may provide a se-
curity input. This serving cell may be referred to as the
PCell. SCells may be configured to form together with
the PCell a set of serving cells, for example, depending
on the capabilities of the wireless device. The configured
set of serving cells for the wireless device may comprise
a PCell and one or more SCells.
[0029] The reconfiguration, addition, and/or removal
of SCells may be performed by RRC messaging. At intra-
NR handover, RRC may add, remove, and/or reconfigure
SCells for usage with the target PCell. Dedicated RRC
signaling may be used (e.g., if adding a new SCell) to
send all required system information of the SCell (e.g.,
if in connected mode, wireless devices may not acquire
broadcasted system information directly from the
SCells).
[0030] The purpose of an RRC connection reconfigu-
ration procedure may be to modify an RRC connection,
(e.g., to establish, modify, and/or release RBs; to perform
handover; to setup, modify, and/or release measure-
ments, for example, to add, modify, and/or release SCells
and cell groups). NAS dedicated information may be
transferred from the network to the wireless device, for
example, as part of the RRC connection reconfiguration
procedure. The RRCConnectionReconfiguration mes-
sage may be a command to modify an RRC connection.
One or more RRC messages may convey information
for measurement configuration, mobility control, and/or
radio resource configuration (e.g., RBs, MAC main con-
figuration, and/or physical channel configuration), which
may comprise any associated dedicated NAS informa-
tion and/or security configuration. The wireless device
may perform an SCell release, for example, if the re-
ceived RRC Connection Reconfiguration message in-
cludes the sCellToReleaseList. The wireless device may
perform SCell additions or modification, for example, if
the received RRC Connection Reconfiguration message
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includes the sCellToAddModList.
[0031] An RRC connection establishment, reestablish-
ment, and/or resume procedure may be to establish, re-
establish, and/or resume an RRC connection, respec-
tively. An RRC connection establishment procedure may
comprise SRB1 establishment. The RRC connection es-
tablishment procedure may be used to transfer the initial
NAS dedicated information and/or message from a wire-
less device to a E-UTRAN. The RRCConnectionRees-
tablishment message may be used to re-establish SRB1.
[0032] A measurement report procedure may be used
to transfer measurement results from a wireless device
to an NG-RAN. The wireless device may initiate a meas-
urement report procedure, for example, after successful
security activation. A measurement report message may
be used to send (e.g., transmit) measurement results.
[0033] The wireless device 110 may comprise at least
one communication interface 310 (e.g., a wireless mo-
dem, an antenna, and/or the like), at least one processor
314, and at least one set of program code instructions
316 that may be stored in non-transitory memory 315
and executable by the at least one processor 314. The
wireless device 110 may further comprise at least one of
at least one speaker and/or microphone 311, at least one
keypad 312, at least one display and/or touchpad 313,
at least one power source 317, at least one global posi-
tioning system (GPS) chipset 318, and/or other periph-
erals 319.
[0034] The processor 314 of the wireless device 110,
the processor 321A of the base station 1 120A, and/or
the processor 321B of the base station 2 120B may com-
prise at least one of a general-purpose processor, a dig-
ital signal processor (DSP), a controller, a microcontrol-
ler, an application specific integrated circuit (ASIC), a
field programmable gate array (FPGA) and/or other pro-
grammable logic device, discrete gate and/or transistor
logic, discrete hardware components, and/or the like. The
processor 314 of the wireless device 110, the processor
321A in base station 1 120A, and/or the processor 321B
in base station 2 120B may perform at least one of signal
coding and/or processing, data processing, power con-
trol, input/output processing, and/or any other function-
ality that may enable the wireless device 110, the base
station 1 120A and/or the base station 2 120B to operate
in a wireless environment.
[0035] The processor 314 of the wireless device 110
may be connected to and/or in communication with the
speaker and/or microphone 311, the keypad 312, and/or
the display and/or touchpad 313. The processor 314 may
receive user input data from and/or provide user output
data to the speaker and/or microphone 311, the keypad
312, and/or the display and/or touchpad 313. The proc-
essor 314 in the wireless device 110 may receive power
from the power source 317 and/or may be configured to
distribute the power to the other components in the wire-
less device 110. The power source 317 may comprise
at least one of one or more dry cell batteries, solar cells,
fuel cells, and/or the like. The processor 314 may be con-

nected to the GPS chipset 318. The GPS chipset 318
may be configured to provide geographic location infor-
mation of the wireless device 110.
[0036] The processor 314 of the wireless device 110
may further be connected to and/or in communication
with other peripherals 319, which may comprise one or
more software and/or hardware modules that may pro-
vide additional features and/or functionalities. For exam-
ple, the peripherals 319 may comprise at least one of an
accelerometer, a satellite transceiver, a digital camera,
a universal serial bus (USB) port, a hands-free headset,
a frequency modulated (FM) radio unit, a media player,
an Internet browser, and/or the like.
[0037] The communication interface 320A of the base
station 1, 120A, and/or the communication interface
320B of the base station 2, 120B, may be configured to
communicate with the communication interface 310 of
the wireless device 110, for example, via a wireless link
330A and/or via a wireless link 330B, respectively. The
communication interface 320A of the base station 1,
120A, may communicate with the communication inter-
face 320B of the base station 2 and/or other RAN and/or
core network nodes.
[0038] The wireless link 330A and/or the wireless link
330B may comprise at least one of a bidirectional link
and/or a directional link. The communication interface
310 of the wireless device 110 may be configured to com-
municate with the communication interface 320A of the
base station 1 120A and/or with the communication in-
terface 320B of the base station 2 120B. The base station
1 120A and the wireless device 110, and/or the base
station 2 120B and the wireless device 110, may be con-
figured to send and receive transport blocks, for example,
via the wireless link 330A and/or via the wireless link
330B, respectively. The wireless link 330A and/or the
wireless link 330B may use at least one frequency carrier.
Transceiver(s) may be used. A transceiver may be a de-
vice that comprises both a transmitter and a receiver.
Transceivers may be used in devices such as wireless
devices, base stations, relay nodes, computing devices,
and/or the like. Radio technology may be implemented
in the communication interface 310, 320A, and/or 320B,
and the wireless link 330A and/or 330B. The radio tech-
nology may comprise one or more elements shown in
FIG. 4A, FIG. 4B, FIG. 4C, FIG. 4D, FIG. 6, FIG. 7A, FIG.
7B, FIG. 8, and associated text, described below.
[0039] Other nodes in a wireless network (e.g. AMF,
UPF, SMF, etc) may comprise one or more communica-
tion interfaces, one or more processors, and memory
storing instructions.
[0040] A node (e.g., wireless device, base station,
AMF, SMF, UPF, servers, switches, antennas, and/or
the like) may comprise one or more processors, and
memory storing instructions that when executed by the
one or more processors causes the node to perform cer-
tain processes and/or functions. Single-carrier and/or
multi-carrier communication operation may be per-
formed. A non-transitory tangible computer readable me-
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dia may comprise instructions executable by one or more
processors to cause operation of single-carrier and/or
multi-carrier communications. An article of manufacture
may comprise a non-transitory tangible computer read-
able machine-accessible medium having instructions en-
coded thereon for enabling programmable hardware to
cause a node to enable operation of single-carrier and/or
multi-carrier communications. The node may include
processors, memory, interfaces, and/or the like.
[0041] An interface may comprise at least one of a
hardware interface, a firmware interface, a software in-
terface, and/or a combination thereof. The hardware in-
terface may comprise connectors, wires, and/or electron-
ic devices such as drivers, amplifiers, and/or the like. The
software interface may comprise code stored in a mem-
ory device to implement protocol(s), protocol layers, com-
munication drivers, device drivers, combinations thereof,
and/or the like. The firmware interface may comprise a
combination of embedded hardware and/or code stored
in (and/or in communication with) a memory device to
implement connections, electronic device operations,
protocol(s), protocol layers, communication drivers, de-
vice drivers, hardware operations, combinations thereof,
and/or the like.
[0042] A communication network may comprise the
wireless device 110, the base station 1, 120A, the base
station 2, 120B, and/or any other device. The communi-
cation network may comprise any number and/or type of
devices, such as, for example, computing devices, wire-
less devices, mobile devices, handsets, tablets, laptops,
internet of things (IoT) devices, hotspots, cellular repeat-
ers, computing devices, and/or, more generally, user
equipment (e.g., UE). Although one or more of the above
types of devices may be referenced herein (e.g., UE,
wireless device, computing device, etc.), it should be un-
derstood that any device herein may comprise any one
or more of the above types of devices or similar devices.
The communication network, and any other network ref-
erenced herein, may comprise an LTE network, a 5G
network, or any other network for wireless communica-
tions. Apparatuses, systems, and/or methods described
herein may generally be described as implemented on
one or more devices (e.g., wireless device, base station,
eNB, gNB, computing device, etc.), in one or more net-
works, but it will be understood that one or more features
and steps may be implemented on any device and/or in
any network. As used throughout, the term "base station"
may comprise one or more of: a base station, a node, a
Node B, a gNB, an eNB, an ng-eNB, a relay node (e.g.,
an integrated access and backhaul (IAB) node), a donor
node (e.g., a donor eNB, a donor gNB, etc.), an access
point (e.g., a WiFi access point), a computing device, a
device capable of wirelessly communicating, or any other
device capable of sending and/or receiving signals. As
used throughout, the term "wireless device" may com-
prise one or more of: a UE, a handset, a mobile device,
a computing device, a node, a device capable of wire-
lessly communicating, or any other device capable of

sending and/or receiving signals. Any reference to one
or more of these terms/devices also considers use of any
other term/device mentioned above.
[0043] FIG. 4A, FIG. 4B, FIG. 4C and FIG. 4D show
example diagrams for uplink and downlink signal trans-
mission. FIG. 4A shows an example uplink transmitter
for at least one physical channel. A baseband signal rep-
resenting a physical uplink shared channel may perform
one or more functions. The one or more functions may
comprise at least one of: scrambling (e.g., by Scram-
bling); modulation of scrambled bits to generate complex-
valued symbols (e.g., by a Modulation mapper); mapping
of the complex-valued modulation symbols onto one or
several transmission layers (e.g., by a Layer mapper);
transform precoding to generate complex-valued sym-
bols (e.g., by a Transform precoder); precoding of the
complex-valued symbols (e.g., by a Precoder); mapping
of precoded complex-valued symbols to resource ele-
ments (e.g., by a Resource element mapper); generation
of complex-valued time-domain Single Carrier-Frequen-
cy Division Multiple Access (SC-FDMA) or CP-OFDM
signal for an antenna port (e.g., by a signal gen.); and/or
the like. A SC-FDMA signal for uplink transmission may
be generated, for example, if transform precoding is en-
abled. An CP-OFDM signal for uplink transmission may
be generated by FIG. 4A, for example, if transform pre-
coding is not enabled. These functions are shown as ex-
amples and it is anticipated that other mechanisms may
be implemented in various embodiments.
[0044] FIG. 4B shows an example for modulation and
up-conversion to the carrier frequency of a complex-val-
ued SC-FDMA or CP-OFDM baseband signal for an an-
tenna port and/or for the complex-valued Physical Ran-
dom Access CHannel (PRACH) baseband signal. Filter-
ing may be performed prior to transmission.
[0045] FIG. 4C shows an example for downlink trans-
missions. The baseband signal representing a downlink
physical channel may perform one or more functions.
The one or more functions may comprise: scrambling of
coded bits in a codeword to be transmitted on a physical
channel (e.g., by Scrambling); modulation of scrambled
bits to generate complex-valued modulation symbols
(e.g., by a Modulation mapper); mapping of the complex-
valued modulation symbols onto one or several trans-
mission layers (e.g., by a Layer mapper); precoding of
the complex-valued modulation symbols on a layer for
transmission on the antenna ports (e.g., by Precoding);
mapping of complex-valued modulation symbols for an
antenna port to resource elements (e.g., by a Resource
element mapper); generation of complex-valued time-
domain OFDM signal for an antenna port (e.g., by an
OFDM signal gen.); and/or the like. These functions are
shown as examples and it is anticipated that other mech-
anisms may be implemented in various other examples.
[0046] A base station may send (e.g., transmit) a first
symbol and a second symbol on an antenna port, to a
wireless device. The wireless device may infer the chan-
nel (e.g., fading gain, multipath delay, etc.) for conveying
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the second symbol on the antenna port, from the channel
for conveying the first symbol on the antenna port. A first
antenna port and a second antenna port may be quasi
co-located, for example, if one or more large-scale prop-
erties of the channel over which a first symbol on the first
antenna port is conveyed may be inferred from the chan-
nel over which a second symbol on a second antenna
port is conveyed. The one or more large-scale properties
may comprise at least one of: delay spread; doppler
spread; doppler shift; average gain; average delay;
and/or spatial receiving (Rx) parameters.
[0047] FIG. 4D shows an example modulation and up-
conversion to the carrier frequency of the complex-val-
ued OFDM baseband signal for an antenna port. Filtering
may be performed prior to transmission.
[0048] FIG. 5A shows a diagram of an example uplink
channel mapping and example uplink physical signals.
A physical layer may provide one or more information
transfer services to a MAC and/or one or more higher
layers. The physical layer may provide the one or more
information transfer services to the MAC via one or more
transport channels. An information transfer service may
indicate how and/or with what characteristics data is
transferred over the radio interface.
[0049] Uplink transport channels may comprise an Up-
link-Shared CHannel (UL-SCH) 501 and/or a Random
Access CHannel (RACH) 502. A wireless device may
send (e.g., transmit) one or more uplink DM-RSs 506 to
a base station for channel estimation, for example, for
coherent demodulation of one or more uplink physical
channels (e.g., PUSCH 503 and/or PUCCH 504). The
wireless device may send (e.g., transmit) to a base sta-
tion at least one uplink DM-RS 506 with PUSCH 503
and/or PUCCH 504, wherein the at least one uplink DM-
RS 506 may be spanning a same frequency range as a
corresponding physical channel. The base station may
configure the wireless device with one or more uplink
DM-RS configurations. At least one DM-RS configuration
may support a front-loaded DM-RS pattern. A front-load-
ed DM-RS may be mapped over one or more OFDM
symbols (e.g., 1 or 2 adjacent OFDM symbols). One or
more additional uplink DM-RS may be configured to send
(e.g., transmit) at one or more symbols of a PUSCH
and/or PUCCH. The base station may semi-statically
configure the wireless device with a maximum number
of front-loaded DM-RS symbols for PUSCH and/or
PUCCH. The wireless device may schedule a single-
symbol DM-RS and/or double symbol DM-RS based on
a maximum number of front-loaded DM-RS symbols,
wherein the base station may configure the wireless de-
vice with one or more additional uplink DM-RS for
PUSCH and/or PUCCH. A new radio network may sup-
port, for example, at least for CP-OFDM, a common DM-
RS structure for DL and UL, wherein a DM-RS location,
DM-RS pattern, and/or scrambling sequence may be
same or different.
[0050] Whether or not an uplink PT-RS 507 is present
may depend on an RRC configuration. A presence of the

uplink PT-RS may be wireless device-specifically config-
ured. A presence and/or a pattern of the uplink PT-RS
507 in a scheduled resource may be wireless device-
specifically configured by a combination of RRC signaling
and/or association with one or more parameters used for
other purposes (e.g., Modulation and Coding Scheme
(MCS)) which may be indicated by DCI. If configured, a
dynamic presence of uplink PT-RS 507 may be associ-
ated with one or more DCI parameters comprising at least
a MCS. A radio network may support a plurality of uplink
PT-RS densities defined in time/frequency domain. If
present, a frequency domain density may be associated
with at least one configuration of a scheduled bandwidth.
A wireless device may assume a same precoding for a
DMRS port and a PT-RS port. A number of PT-RS ports
may be fewer than a number of DM-RS ports in a sched-
uled resource. The uplink PT-RS 507 may be confined
in the scheduled time/frequency duration for a wireless
device.
[0051] a wireless device may send (e.g., transmit) an
SRS 508 to a base station for channel state estimation,
for example, to support uplink channel dependent sched-
uling and/or link adaptation. The SRS 508 sent (e.g.,
transmitted) by the wireless device may allow for the base
station to estimate an uplink channel state at one or more
different frequencies. A base station scheduler may use
an uplink channel state to assign one or more resource
blocks of a certain quality (e.g., above a quality threshold)
for an uplink PUSCH transmission from the wireless de-
vice. The base station may semi-statically configure the
wireless device with one or more SRS resource sets. For
an SRS resource set, the base station may configure the
wireless device with one or more SRS resources. An SRS
resource set applicability may be configured by a higher
layer (e.g., RRC) parameter. An SRS resource in each
of one or more SRS resource sets may be sent (e.g.,
transmitted) at a time instant, for example, if a higher
layer parameter indicates beam management. The wire-
less device may send (e.g., transmit) one or more SRS
resources in different SRS resource sets simultaneously.
A new radio network may support aperiodic, periodic,
and/or semi-persistent SRS transmissions. The wireless
device may send (e.g., transmit) SRS resources, for ex-
ample, based on one or more trigger types. The one or
more trigger types may comprise higher layer signaling
(e.g., RRC) and/or one or more DCI formats (e.g., at least
one DCI format may be used for a wireless device to
select at least one of one or more configured SRS re-
source sets). An SRS trigger type 0 may refer to an SRS
triggered based on a higher layer signaling. An SRS trig-
ger type 1 may refer to an SRS triggered based on one
or more DCI formats. The wireless device may be con-
figured to send (e.g., transmit) the SRS 508 after a trans-
mission of PUSCH 503 and corresponding uplink DM-
RS 506, for example, if PUSCH 503 and the SRS 508
are transmitted in a same slot.
[0052] A base station may semi-statically configure a
wireless device with one or more SRS configuration pa-
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rameters indicating at least one of following: an SRS re-
source configuration identifier, a number of SRS ports,
time domain behavior of SRS resource configuration
(e.g., an indication of periodic, semi-persistent, or aperi-
odic SRS), slot (mini-slot, and/or subframe) level perio-
dicity and/or offset for a periodic and/or aperiodic SRS
resource, a number of OFDM symbols in a SRS resource,
starting OFDM symbol of a SRS resource, an SRS band-
width, a frequency hopping bandwidth, a cyclic shift,
and/or an SRS sequence ID.
[0053] FIG. 5B shows a diagram of an example down-
link channel mapping and a downlink physical signals.
Downlink transport channels may comprise a Downlink-
Shared CHannel (DL-SCH) 511, a Paging CHannel
(PCH) 512, and/or a Broadcast CHannel (BCH) 513. A
transport channel may be mapped to one or more corre-
sponding physical channels. A UL-SCH 501 may be
mapped to a Physical Uplink Shared CHannel (PUSCH)
503. A RACH 502 may be mapped to a PRACH 505. A
DL-SCH 511 and a PCH 512 may be mapped to a Phys-
ical Downlink Shared CHannel (PDSCH) 514. A BCH
513 may be mapped to a Physical Broadcast CHannel
(PBCH) 516.
[0054] A radio network may comprise one or more
downlink and/or uplink transport channels. The radio net-
work may comprise one or more physical channels with-
out a corresponding transport channel. The one or more
physical channels may be used for an Uplink Control In-
formation (UCI) 509 and/or a Downlink Control Informa-
tion (DCI) 517. A Physical Uplink Control CHannel
(PUCCH) 504 may carry UCI 509 from a wireless device
to a base station. A Physical Downlink Control CHannel
(PDCCH) 515 may carry the DCI 517 from a base station
to a wireless device. The radio network (e.g., NR) may
support the UCI 509 multiplexing in the PUSCH 503, for
example, if the UCI 509 and the PUSCH 503 transmis-
sions may coincide in a slot (e.g., at least in part). The
UCI 509 may comprise at least one of a CSI, an Acknowl-
edgement (ACK)/Negative Acknowledgement (NACK),
and/or a scheduling request. The DCI 517 via the PDCCH
515 may indicate at least one of following: one or more
downlink assignments and/or one or more uplink sched-
uling grants.
[0055] In uplink, a wireless device may send (e.g.,
transmit) one or more Reference Signals (RSs) to a base
station. The one or more reference signals (RSs) may
comprise at least one of a Demodulation-RS (DM-RS)
506, a Phase Tracking-RS (PT-RS) 507, and/or a Sound-
ing RS (SRS) 508. In downlink, a base station may send
(e.g., transmit, unicast, multicast, and/or broadcast) one
or more RSs to a wireless device. The one or more RSs
may comprise at least one of a Primary Synchronization
Signal (PSS)/Secondary Synchronization Signal (SSS)
521, a CSI-RS 522, a DM-RS 523, and/or a PT-RS 524.
[0056] In a time domain, an SS/PBCH block may com-
prise one or more OFDM symbols (e.g., 4 OFDM symbols
numbered in increasing order from 0 to 3) within the
SS/PBCH block. An SS/PBCH block may comprise the

PSS/SSS 521 and/or the PBCH 516. In the frequency
domain, an SS/PBCH block may comprise one or more
contiguous subcarriers (e.g., 240 contiguous subcarriers
with the subcarriers numbered in increasing order from
0 to 239) within the SS/PBCH block. The PSS/SSS 521
may occupy, for example, 1 OFDM symbol and 127 sub-
carriers. The PBCH 516 may span across, for example,
3 OFDM symbols and 240 subcarriers. A wireless device
may assume that one or more SS/PBCH blocks trans-
mitted with a same block index may be quasi co-located,
for example, with respect to Doppler spread, Doppler
shift, average gain, average delay, and/or spatial Rx pa-
rameters. A wireless device may not assume quasi co-
location for other SS/PBCH block transmissions. A peri-
odicity of an SS/PBCH block may be configured by a
radio network (e.g., by an RRC signaling). One or more
time locations in which the SS/PBCH block may be sent
may be determined by sub-carrier spacing. A wireless
device may assume a band-specific sub-carrier spacing
for an SS/PBCH block, for example, unless a radio net-
work has configured the wireless device to assume a
different sub-carrier spacing.
[0057] The downlink CSI-RS 522 may be used for a
wireless device to acquire channel state information. A
radio network may support periodic, aperiodic, and/or
semi-persistent transmission of the downlink CSI-RS
522. A base station may semi-statically configure and/or
reconfigure a wireless device with periodic transmission
of the downlink CSI-RS 522. A configured CSI-RS re-
sources may be activated and/or deactivated. For semi-
persistent transmission, an activation and/or deactivation
of a CSI-RS resource may be triggered dynamically. A
CSI-RS configuration may comprise one or more param-
eters indicating at least a number of antenna ports. A
base station may configure a wireless device with 32
ports, or any other number of ports. A base station may
semi-statically configure a wireless device with one or
more CSI-RS resource sets. One or more CSI-RS re-
sources may be allocated from one or more CSI-RS re-
source sets to one or more wireless devices. A base sta-
tion may semi-statically configure one or more parame-
ters indicating CSI RS resource mapping, for example,
time-domain location of one or more CSI-RS resources,
a bandwidth of a CSI-RS resource, and/or a periodicity.
A wireless device may be configured to use the same
OFDM symbols for the downlink CSI-RS 522 and the
Control Resource Set (CORESET), for example, if the
downlink CSI-RS 522 and the CORESET are spatially
quasi co-located and resource elements associated with
the downlink CSI-RS 522 are the outside of PRBs con-
figured for the CORESET. A wireless device may be con-
figured to use the same OFDM symbols for downlink CSI-
RS 522 and SSB/PBCH, for example, if the downlink CSI-
RS 522 and SSB/PBCH are spatially quasi co-located
and resource elements associated with the downlink CSI-
RS 522 are outside of the PRBs configured for the
SSB/PBCH.
[0058] A wireless device may send (e.g., transmit) one
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or more downlink DM-RSs 523 to a base station for chan-
nel estimation, for example, for coherent demodulation
of one or more downlink physical channels (e.g., PDSCH
514). A radio network may support one or more variable
and/or configurable DM-RS patterns for data demodula-
tion. At least one downlink DM-RS configuration may
support a front-loaded DM-RS pattern. A front-loaded
DM-RS may be mapped over one or more OFDM sym-
bols (e.g., 1 or 2 adjacent OFDM symbols). A base station
may semi-statically configure a wireless device with a
maximum number of front-loaded DM-RS symbols for
PDSCH 514. A DM-RS configuration may support one
or more DM-RS ports. A DM-RS configuration may sup-
port at least 8 orthogonal downlink DM-RS ports, for ex-
ample, for single user-MIMO. ADM-RS configuration
may support 12 orthogonal downlink DM-RS ports, for
example, for multiuser-MIMO. A radio network may sup-
port, for example, at least for CP-OFDM, a common DM-
RS structure for DL and UL, wherein a DM-RS location,
DM-RS pattern, and/or scrambling sequence may be the
same or different.
[0059] Whether or not the downlink PT-RS 524 is
present may depend on an RRC configuration. A pres-
ence of the downlink PT-RS 524 may be wireless device-
specifically configured. A presence and/or a pattern of
the downlink PT-RS 524 in a scheduled resource may
be wireless device-specifically configured, for example,
by a combination of RRC signaling and/or an association
with one or more parameters used for other purposes
(e.g., MCS) which may be indicated by the DCI. If con-
figured, a dynamic presence of the downlink PT-RS 524
may be associated with one or more DCI parameters
comprising at least MCS. A radio network may support
a plurality of PT-RS densities in a time/frequency domain.
If present, a frequency domain density may be associat-
ed with at least one configuration of a scheduled band-
width. A wireless device may assume the same precod-
ing for a DMRS port and a PT-RS port. A number of PT-
RS ports may be less than a number of DM-RS ports in
a scheduled resource. The downlink PT-RS 524 may be
confined in the scheduled time/frequency duration for a
wireless device.
[0060] FIG. 6 shows a diagram with an example trans-
mission time and reception time for a carrier. A multicar-
rier OFDM communication system may include one or
more carriers, for example, ranging from 1 to 32 carriers
(such as for carrier aggregation) or ranging from 1 to 64
carriers (such as for dual connectivity). Different radio
frame structures may be supported (e.g., for FDD and/or
for TDD duplex mechanisms). FIG. 6 shows an example
frame timing. Downlink and uplink transmissions may be
organized into radio frames 601. Radio frame duration
may be 10 milliseconds (ms). A 10 ms radio frame 601
may be divided into ten equally sized subframes 602,
each with a 1 ms duration. Subframe(s) may comprise
one or more slots (e.g., slots 603 and 605) depending on
subcarrier spacing and/or CP length. For example, a sub-
frame with 15 kHz, 30 kHz, 60 kHz, 120 kHz, 240 kHz

and 480 kHz subcarrier spacing may comprise one, two,
four, eight, sixteen and thirty-two slots, respectively. In
FIG. 6, a subframe may be divided into two equally sized
slots 603 with 0.5 ms duration. For example, 10 sub-
frames may be available for downlink transmission and
10 subframes may be available for uplink transmissions
in a 10 ms interval. Other subframe durations such as,
for example, 0.5 ms, 1 ms, 2 ms, and 5 ms may be sup-
ported. Uplink and downlink transmissions may be sep-
arated in the frequency domain. Slot(s) may include a
plurality of OFDM symbols 604. The number of OFDM
symbols 604 in a slot 605 may depend on the cyclic prefix
length. A slot may be 14 OFDM symbols for the same
subcarrier spacing of up to 480 kHz with normal CP. A
slot may be 12 OFDM symbols for the same subcarrier
spacing of 60 kHz with extended CP. A slot may comprise
downlink, uplink, and/or a downlink part and an uplink
part, and/or alike.
[0061] FIG. 7A shows a diagram with example sets of
OFDM subcarriers. A base station may communicate
with a wireless device using a carrier having an example
channel bandwidth 700. Arrow(s) in the diagram may de-
pict a subcarrier in a multicarrier OFDM system. The
OFDM system may use technology such as OFDM tech-
nology, SC-FDMA technology, and/or the like. An arrow
701 shows a subcarrier transmitting information symbols.
A subcarrier spacing 702, between two contiguous sub-
carriers in a carrier, may be any one of 15 kHz, 30 kHz,
60 kHz, 120 kHz, 240 kHz, or any other frequency. Dif-
ferent subcarrier spacing may correspond to different
transmission numerologies. A transmission numerology
may comprise at least: a numerology index; a value of
subcarrier spacing; and/or a type of cyclic prefix (CP). A
base station may send (e.g., transmit) to and/or receive
from a wireless device via a number of subcarriers 703
in a carrier. A bandwidth occupied by a number of sub-
carriers 703 (e.g., transmission bandwidth) may be small-
er than the channel bandwidth 700 of a carrier, for ex-
ample, due to guard bands 704 and 705. Guard bands
704 and 705 may be used to reduce interference to and
from one or more neighbor carriers. A number of subcar-
riers (e.g., transmission bandwidth) in a carrier may de-
pend on the channel bandwidth of the carrier and/or the
subcarrier spacing. A transmission bandwidth, for a car-
rier with a 20 MHz channel bandwidth and a 15 kHz sub-
carrier spacing, may be in number of 1024 subcarriers.
[0062] A base station and a wireless device may com-
municate with multiple component carriers (CCs), for ex-
ample, if configured with CA. Different component carri-
ers may have different bandwidth and/or different sub-
carrier spacing, for example, if CA is supported. A base
station may send (e.g., transmit) a first type of service to
a wireless device via a first component carrier. The base
station may send (e.g., transmit) a second type of service
to the wireless device via a second component carrier.
Different types of services may have different service re-
quirements (e.g., data rate, latency, reliability), which
may be suitable for transmission via different component
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carriers having different subcarrier spacing and/or differ-
ent bandwidth.
[0063] FIG. 7B shows an example diagram with com-
ponent carriers. A first component carrier may comprise
a first number of subcarriers 706 having a first subcarrier
spacing 709. A second component carrier may comprise
a second number of subcarriers 707 having a second
subcarrier spacing 710. A third component carrier may
comprise a third number of subcarriers 708 having a third
subcarrier spacing 711. Carriers in a multicarrier OFDM
communication system may be contiguous carriers, non-
contiguous carriers, or a combination of both contiguous
and non-contiguous carriers.
[0064] FIG. 8 shows a diagram of OFDM radio resourc-
es. A carrier may have a transmission bandwidth 801. A
resource grid may be in a structure of frequency domain
802 and time domain 803. A resource grid may comprise
a first number of OFDM symbols in a subframe and a
second number of resource blocks, starting from a com-
mon resource block indicated by higher-layer signaling
(e.g., RRC signaling), for a transmission numerology and
a carrier. In a resource grid, a resource element 805 may
comprise a resource unit that may be identified by a sub-
carrier index and a symbol index. A subframe may com-
prise a first number of OFDM symbols 807 that may de-
pend on a numerology associated with a carrier. A sub-
frame may have 14 OFDM symbols for a carrier, for ex-
ample, if a subcarrier spacing of a numerology of a carrier
is 15 kHz. A subframe may have 28 OFDM symbols, for
example, if a subcarrier spacing of a numerology is 30
kHz. A subframe may have 56 OFDM symbols, for ex-
ample, if a subcarrier spacing of a numerology is 60 kHz.
A subcarrier spacing of a numerology may comprise any
other frequency. A second number of resource blocks
comprised in a resource grid of a carrier may depend on
a bandwidth and a numerology of the carrier.
[0065] A resource block 806 may comprise 12 subcar-
riers. Multiple resource blocks may be grouped into a
Resource Block Group (RBG) 804. A size of a RBG may
depend on at least one of: a RRC message indicating a
RBG size configuration; a size of a carrier bandwidth;
and/or a size of a bandwidth part of a carrier. A carrier
may comprise multiple bandwidth parts. A first bandwidth
part of a carrier may have a different frequency location
and/or a different bandwidth from a second bandwidth
part of the carrier.
[0066] A base station may send (e.g., transmit), to a
wireless device, a downlink control information compris-
ing a downlink or uplink resource block assignment. A
base station may send (e.g., transmit) to and/or receive
from, a wireless device, data packets (e.g., transport
blocks). The data packets may be scheduled on and
transmitted via one or more resource blocks and one or
more slots indicated by parameters in downlink control
information and/or RRC message(s). A starting symbol
relative to a first slot of the one or more slots may be
indicated to the wireless device. A base station may send
(e.g., transmit) to and/or receive from, a wireless device,

data packets. The data packets may be scheduled for
transmission on one or more RBGs and in one or more
slots.
[0067] A base station may send (e.g., transmit), to a
wireless device, downlink control information comprising
a downlink assignment. The base station may send (e.g.,
transmit) the DCI via one or more PDCCHs. The downlink
assignment may comprise parameters indicating at least
one of a modulation and coding format; resource alloca-
tion; and/or HARQ information related to the DL-SCH.
The resource allocation may comprise parameters of re-
source block allocation; and/or slot allocation. A base
station may allocate (e.g., dynamically) resources to a
wireless device, for example, via a Cell-Radio Network
Temporary Identifier (C-RNTI) on one or more PDCCHs.
The wireless device may monitor the one or more PD-
CCHs, for example, in order to find possible allocation if
its downlink reception is enabled. The wireless device
may receive one or more downlink data packets on one
or more PDSCH scheduled by the one or more PDCCHs,
for example, if the wireless device successfully detects
the one or more PDCCHs.
[0068] a base station may allocate Configured Sched-
uling (CS) resources for down link transmission to a wire-
less device. The base station may send (e.g., transmit)
one or more RRC messages indicating a periodicity of
the CS grant. The base station may send (e.g., transmit)
a DCI via a PDCCH addressed to a Configured Sched-
uling-RNTI (CS-RNTI) activating the CS resources. The
DCI may comprise parameters indicating that the down-
link grant is a CS grant. The CS grant may be implicitly
reused according to the periodicity defined by the one or
more RRC messages. The CS grant may be implicitly
reused, for example, until deactivated.
[0069] A base station may send (e.g., transmit), to a
wireless device via one or more PDCCHs, downlink con-
trol information comprising an uplink grant. The uplink
grant may comprise parameters indicating at least one
of a modulation and coding format; a resource allocation;
and/or HARQ information related to the UL-SCH. The
resource allocation may comprise parameters of re-
source block allocation; and/or slot allocation. The base
station may dynamically allocate resources to the wire-
less device via a C-RNTI on one or more PDCCHs. The
wireless device may monitor the one or more PDCCHs,
for example, in order to find possible resource allocation.
The wireless device may send (e.g., transmit) one or
more uplink data packets via one or more PUSCH sched-
uled by the one or more PDCCHs, for example, if the
wireless device successfully detects the one or more PD-
CCHs.
[0070] The base station may allocate CS resources for
uplink data transmission to a wireless device. The base
station may transmit one or more RRC messages indi-
cating a periodicity of the CS grant. The base station may
send (e.g., transmit) a DCI via a PDCCH addressed to a
CS-RNTI to activate the CS resources. The DCI may
comprise parameters indicating that the uplink grant is a
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CS grant. The CS grant may be implicitly reused accord-
ing to the periodicity defined by the one or more RRC
message, The CS grant may be implicitly reused, for ex-
ample, until deactivated.
[0071] A base station may send (e.g., transmit) DCI
and/or control signaling via a PDCCH. The DCI may com-
prise a format of a plurality of formats. The DCI may com-
prise downlink and/or uplink scheduling information (e.g.,
resource allocation information, HARQ related parame-
ters, MCS), request(s) for CSI (e.g., aperiodic CQI re-
ports), request(s) for an SRS, uplink power control com-
mands for one or more cells, one or more timing infor-
mation (e.g., TB transmission/reception timing, HARQ
feedback timing, etc.), and/or the like. The DCI may in-
dicate an uplink grant comprising transmission parame-
ters for one or more transport blocks. The DCI may indi-
cate a downlink assignment indicating parameters for re-
ceiving one or more transport blocks. The DCI may be
used by the base station to initiate a contention-free ran-
dom access at the wireless device. The base station may
send (e.g., transmit) a DCI comprising a slot format indi-
cator (SFI) indicating a slot format. The base station may
send (e.g., transmit) a DCI comprising a pre-emption in-
dication indicating the PRB(s) and/or OFDM symbol(s)
in which a wireless device may assume no transmission
is intended for the wireless device. The base station may
send (e.g., transmit) a DCI for group power control of the
PUCCH, the PUSCH, and/or an SRS. A DCI may corre-
spond to an RNTI. The wireless device may obtain an
RNTI after or in response to completing the initial access
(e.g., C-RNTI). The base station may configure an RNTI
for the wireless (e.g., CS-RNTI, TPC-CS-RNTI, TPC-
PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-RNTI).
The wireless device may determine (e.g., compute) an
RNTI (e.g., the wireless device may determine the RA-
RNTI based on resources used for transmission of a pre-
amble). An RNTI may have a pre-configured value (e.g.,
P-RNTI or SI-RNTI). The wireless device may monitor a
group common search space which may be used by the
base station for sending (e.g., transmitting) DCIs that are
intended for a group of wireless devices. A group com-
mon DCI may correspond to an RNTI which is commonly
configured for a group of wireless devices. The wireless
device may monitor a wireless device-specific search
space. A wireless device specific DCI may correspond
to an RNTI configured for the wireless device.
[0072] A communications system (e.g., an NR system)
may support a single beam operation and/or a multi-
beam operation. In a multi-beam operation, a base sta-
tion may perform a downlink beam sweeping to provide
coverage for common control channels and/or downlink
SS blocks, which may comprise at least a PSS, a SSS,
and/or PBCH. A wireless device may measure quality of
a beam pair link using one or more RSs. One or more
SS blocks, or one or more CSI-RS resources (e.g., which
may be associated with a CSI-RS resource index (CRI)),
and/or one or more DM-RSs of a PBCH, may be used
as an RS for measuring a quality of a beam pair link. The

quality of a beam pair link may be based on a reference
signal received power (RSRP) value, a reference signal
received quality (RSRQ) value, and/or a CSI value meas-
ured on RS resources. The base station may indicate
whether an RS resource, used for measuring a beam
pair link quality, is quasi-co-located (QCLed) with DM-
RSs of a control channel. An RS resource and DM-RSs
of a control channel may be called QCLed, for example,
if channel characteristics from a transmission on an RS
to a wireless device, and that from a transmission on a
control channel to a wireless device, are similar or the
same under a configured criterion. In a multi-beam op-
eration, a wireless device may perform an uplink beam
sweeping to access a cell.
[0073] A wireless device may be configured to monitor
a PDCCH on one or more beam pair links simultaneously,
for example, depending on a capability of the wireless
device. This monitoring may increase robustness against
beam pair link blocking. A base station may send (e.g.,
transmit) one or more messages to configure the wireless
device to monitor the PDCCH on one or more beam pair
links in different PDCCH OFDM symbols. A base station
may send (e.g., transmit) higher layer signaling (e.g.,
RRC signaling) and/or a MAC CE comprising parameters
related to the Rx beam setting of the wireless device for
monitoring the PDCCH on one or more beam pair links.
The base station may send (e.g., transmit) an indication
of a spatial QCL assumption between an DL RS antenna
port(s) (e.g., a cell-specific CSI-RS, a wireless device-
specific CSI-RS, an SS block, and/or a PBCH with or
without DM-RSs of the PBCH) and/or DL RS antenna
port(s) for demodulation of a DL control channel. Sign-
aling for beam indication for a PDCCH may comprise
MAC CE signaling, RRC signaling, DCI signaling, and/or
specification-transparent and/or implicit method, and/or
any combination of signaling methods.
[0074] A base station may indicate spatial QCL param-
eters between DL RS antenna port(s) and DM-RS an-
tenna port(s) of a DL data channel, for example, for re-
ception of a unicast DL data channel. The base station
may send (e.g., transmit) DCI (e.g., downlink grants)
comprising information indicating the RS antenna port(s).
The information may indicate RS antenna port(s) that
may be QCL-ed with the DM-RS antenna port(s). A dif-
ferent set of DM-RS antenna port(s) for a DL data channel
may be indicated as QCL with a different set of the RS
antenna port(s).
[0075] FIG. 9A shows an example of beam sweeping
in a DL channel. In an RRC_INACTIVE state or
RRC_IDLE state, a wireless device may assume that SS
blocks form an SS burst 940, and an SS burst set 950.
The SS burst set 950 may have a given periodicity. A
base station 120 may send (e.g., transmit) SS blocks in
multiple beams, together forming a SS burst 940, for ex-
ample, in a multi-beam operation. One or more SS blocks
may be sent (e.g., transmitted) on one beam. If multiple
SS bursts 940 are transmitted with multiple beams, SS
bursts together may form SS burst set 950.
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[0076] A wireless device may use CSI-RS for estimat-
ing a beam quality of a link between a wireless device
and a base station, for example, in the multi beam oper-
ation. A beam may be associated with a CSI-RS. A wire-
less device may (e.g., based on a RSRP measurement
on CSI-RS) report a beam index, which may be indicated
in a CRI for downlink beam selection and/or associated
with an RSRP value of a beam. A CSI-RS may be sent
(e.g., transmitted) on a CSI-RS resource, which may
comprise at least one of: one or more antenna ports
and/or one or more time and/or frequency radio resourc-
es. A CSI-RS resource may be configured in a cell-spe-
cific way such as by common RRC signaling, or in a wire-
less device-specific way such as by dedicated RRC sig-
naling and/or L1/L2 signaling. Multiple wireless devices
covered by a cell may measure a cell-specific CSI-RS
resource. A dedicated subset of wireless devices cov-
ered by a cell may measure a wireless device-specific
CSI-RS resource.
[0077] A CSI-RS resource may be sent (e.g., transmit-
ted) periodically, using aperiodic transmission, or using
a multi-shot or semi-persistent transmission. In a periodic
transmission in FIG. 9A, a base station 120 may send
(e.g., transmit) configured CSI-RS resources 940 peri-
odically using a configured periodicity in a time domain.
In an aperiodic transmission, a configured CSI-RS re-
source may be sent (e.g., transmitted) in a dedicated time
slot. In a multi-shot and/or semi-persistent transmission,
a configured CSI-RS resource may be sent (e.g., trans-
mitted) within a configured period. Beams used for CSI-
RS transmission may have a different beam width than
beams used for SS-blocks transmission.
[0078] FIG. 9B shows an example of a beam manage-
ment procedure, such as in an example new radio net-
work. The base station 120 and/or the wireless device
110 may perform a downlink L1/L2 beam management
procedure. One or more of the following downlink L1/L2
beam management procedures may be performed within
one or more wireless devices 110 and one or more base
stations 120. A P1 procedure 910 may be used to enable
the wireless device 110 to measure one or more Trans-
mission (Tx) beams associated with the base station 120,
for example, to support a selection of a first set of Tx
beams associated with the base station 120 and a first
set of Rx beam(s) associated with the wireless device
110. A base station 120 may sweep a set of different Tx
beams, for example, for beamforming at a base station
120 (such as shown in the top row, in a counter-clockwise
direction). A wireless device 110 may sweep a set of
different Rx beams, for example, for beamforming at a
wireless device 110 (such as shown in the bottom row,
in a clockwise direction). A P2 procedure 920 may be
used to enable a wireless device 110 to measure one or
more Tx beams associated with a base station 120, for
example, to possibly change a first set of Tx beams as-
sociated with a base station 120. A P2 procedure 920
may be performed on a possibly smaller set of beams
(e.g., for beam refinement) than in the P1 procedure 910.

A P2 procedure 920 may be a special example of a P1
procedure 910. A P3 procedure 930 may be used to en-
able a wireless device 110 to measure at least one Tx
beam associated with a base station 120, for example,
to change a first set of Rx beams associated with a wire-
less device 110.
[0079] A wireless device 110 may send (e.g., transmit)
one or more beam management reports to a base station
120. In one or more beam management reports, a wire-
less device 110 may indicate one or more beam pair qual-
ity parameters comprising one or more of: a beam iden-
tification; an RSRP; a Precoding Matrix Indicator (PMI),
Channel Quality Indicator (CQI), and/or Rank Indicator
(RI) of a subset of configured beams. Based on one or
more beam management reports, the base station 120
may send (e.g., transmit) to a wireless device 110 a signal
indicating that one or more beam pair links are one or
more serving beams. The base station 120 may send
(e.g., transmit) the PDCCH and the PDSCH for a wireless
device 110 using one or more serving beams.
[0080] A communications network (e.g., a new radio
network) may support a Bandwidth Adaptation (BA). Re-
ceive and/or transmit bandwidths that may be configured
for a wireless device using a BA may not be large. Re-
ceive and/or transmit bandwidth may not be as large as
a bandwidth of a cell. Receive and/or transmit band-
widths may be adjustable. A wireless device may change
receive and/or transmit bandwidths, for example, to re-
duce (e.g., shrink) the bandwidth(s) at (e.g., during) a
period of low activity such as to save power. A wireless
device may change a location of receive and/or transmit
bandwidths in a frequency domain, for example, to in-
crease scheduling flexibility. A wireless device may
change a subcarrier spacing, for example, to allow dif-
ferent services.
[0081] A Bandwidth Part (BWP) may comprise a sub-
set of a total cell bandwidth of a cell. A base station may
configure a wireless device with one or more BWPs, for
example, to achieve a BA. A base station may indicate,
to a wireless device, which of the one or more (config-
ured) BWPs is an active BWP.
[0082] FIG. 10 shows an example diagram of BWP
configurations. BWPs may be configured as follows:
BWP1 (1010 and 1050) with a width of 40 MHz and sub-
carrier spacing of 15 kHz; BWP2 (1020 and 1040) with
a width of 10 MHz and subcarrier spacing of 15 kHz;
BWP3 1030 with a width of 20 MHz and subcarrier spac-
ing of 60 kHz. Any number of BWP configurations may
comprise any other width and subcarrier spacing combi-
nation.
[0083] A wireless device, configured for operation in
one or more BWPs of a cell, may be configured by one
or more higher layers (e.g., RRC layer). The wireless
device may be configured for a cell with: a set of one or
more BWPs (e.g., at most four BWPs) for reception (e.g.,
a DL BWP set) in a DL bandwidth by at least one param-
eter DL-BWP; and a set of one or more BWPs (e.g., at
most four BWPs) for transmissions (e.g., UL BWP set)
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in an UL bandwidth by at least one parameter UL-BWP.
[0084] A base station may configure a wireless device
with one or more UL and DL BWP pairs, for example, to
enable BA on the PCell. To enable BA on SCells (e.g.,
for CA), a base station may configure a wireless device
at least with one or more DL BWPs (e.g., there may be
none in an UL).
[0085] An initial active DL BWP may comprise at least
one of a location and number of contiguous PRBs, a sub-
carrier spacing, or a cyclic prefix, for example, for a con-
trol resource set for at least one common search space.
For operation on the PCell, one or more higher layer pa-
rameters may indicate at least one initial UL BWP for a
random access procedure. If a wireless device is config-
ured with a secondary carrier on a primary cell, the wire-
less device may be configured with an initial BWP for
random access procedure on a secondary carrier.
[0086] A wireless device may expect that a center fre-
quency for a DL BWP may be same as a center frequency
for a UL BWP, for example, for unpaired spectrum oper-
ation. A base statin may semi-statically configure a wire-
less device for a cell with one or more parameters, for
example, for a DL BWP or an UL BWP in a set of one or
more DL BWPs or one or more UL BWPs, respectively.
The one or more parameters may indicate one or more
of following: a subcarrier spacing; a cyclic prefix; a
number of contiguous PRBs; an index in the set of one
or more DL BWPs and/or one or more UL BWPs; a link
between a DL BWP and an UL BWP from a set of con-
figured DL BWPs and UL BWPs; a DCI detection to a
PDSCH reception timing; a PDSCH reception to a
HARQ-ACK transmission timing value; a DCI detection
to a PUSCH transmission timing value; and/or an offset
of a first PRB of a DL bandwidth or an UL bandwidth,
respectively, relative to a first PRB of a bandwidth.
[0087] For a DL BWP in a set of one or more DL BWPs
on a PCell, a base station may configure a wireless de-
vice with one or more control resource sets for at least
one type of common search space and/or one wireless
device-specific search space. A base station may not
configure a wireless device without a common search
space on a PCell, or on a PSCell, in an active DL BWP.
For an UL BWP in a set of one or more UL BWPs, a base
station may configure a wireless device with one or more
resource sets for one or more PUCCH transmissions.
[0088] A DCI may comprise a BWP indicator field. The
BWP indicator field value may indicate an active DL BWP,
from a configured DL BWP set, for one or more DL re-
ceptions. The BWP indicator field value may indicate an
active UL BWP, from a configured UL BWP set, for one
or more UL transmissions.
[0089] For a PCell, a base station may semi-statically
configure a wireless device with a default DL BWP among
configured DL BWPs. If a wireless device is not provided
a default DL BWP, a default BWP may be an initial active
DL BWP.
[0090] A base station may configure a wireless device
with a timer value for a PCell. A wireless device may start

a timer (e.g., a BWP inactivity timer), for example, if a
wireless device detects a DCI indicating an active DL
BWP, other than a default DL BWP, for a paired spectrum
operation, and/or if a wireless device detects a DCI indi-
cating an active DL BWP or UL BWP, other than a default
DL BWP or UL BWP, for an unpaired spectrum operation.
The wireless device may increment the timer by an in-
terval of a first value (e.g., the first value may be 1 milli-
second, 0.5 milliseconds, or any other time duration), for
example, if the wireless device does not detect a DCI at
(e.g., during) the interval for a paired spectrum operation
or for an unpaired spectrum operation. The timer may
expire at a time that the timer is equal to the timer value.
A wireless device may switch to the default DL BWP from
an active DL BWP, for example, if the timer expires.
[0091] A base station may semi-statically configure a
wireless device with one or more BWPs. A wireless de-
vice may switch an active BWP from a first BWP to a
second BWP, for example, after or in response to receiv-
ing a DCI indicating the second BWP as an active BWP,
and/or after or in response to an expiry of BWP inactivity
timer (e.g., the second BWP may be a default BWP).
FIG. 10 shows an example diagram of three BWPs con-
figured, BWP1 (1010 and 1050), BWP2 (1020 and 1040),
and BWP3 (1030). BWP2 (1020 and 1040) may be a
default BWP. BWP1 (1010) may be an initial active BWP.
A wireless device may switch an active BWP from BWP1
1010 to BWP2 1020, for example, after or in response
to an expiry of the BWP inactivity timer. A wireless device
may switch an active BWP from BWP2 1020 to BWP3
1030, for example, after or in response to receiving a DCI
indicating BWP3 1030 as an active BWP. Switching an
active BWP from BWP3 1030 to BWP2 1040 and/or from
BWP2 1040 to BWP1 1050 may be after or in response
to receiving a DCI indicating an active BWP, and/or after
or in response to an expiry of BWP inactivity timer.
[0092] Wireless device procedures on a secondary cell
may be same as on a primary cell using the timer value
for the secondary cell and the default DL BWP for the
secondary cell, for example, if a wireless device is con-
figured for a secondary cell with a default DL BWP among
configured DL BWPs and a timer value. A wireless device
may use an indicated DL BWP and an indicated UL BWP
on a secondary cell as a respective first active DL BWP
and first active UL BWP on a secondary cell or carrier,
for example, if a base station configures a wireless device
with a first active DL BWP and a first active UL BWP on
a secondary cell or carrier.
[0093] FIG. 11A and FIG. 11B show packet flows using
a multi connectivity (e.g., dual connectivity, multi connec-
tivity, tight interworking, and/or the like). FIG. 11A shows
an example diagram of a protocol structure of a wireless
device 110 (e.g., UE) with CA and/or multi connectivity.
FIG. 11B shows an example diagram of a protocol struc-
ture of multiple base stations with CA and/or multi con-
nectivity. The multiple base stations may comprise a
master node, MN 1130 (e.g., a master node, a master
base station, a master gNB, a master eNB, and/or the

31 32 



EP 3 525 516 A1

18

5

10

15

20

25

30

35

40

45

50

55

like) and a secondary node, SN 1150 (e.g., a secondary
node, a secondary base station, a secondary gNB, a sec-
ondary eNB, and/or the like). A master node 1130 and a
secondary node 1150 may co-work to communicate with
a wireless device 110.
[0094] If multi connectivity is configured for a wireless
device 110, the wireless device 110, which may support
multiple reception and/or transmission functions in an
RRC connected state, may be configured to utilize radio
resources provided by multiple schedulers of a multiple
base stations. Multiple base stations may be inter-con-
nected via a non-ideal or ideal backhaul (e.g., Xn inter-
face, X2 interface, and/or the like). A base station in-
volved in multi connectivity for a certain wireless device
may perform at least one of two different roles: a base
station may act as a master base station or act as a sec-
ondary base station. In multi connectivity, a wireless de-
vice may be connected to one master base station and
one or more secondary base stations. A master base
station (e.g., the MN 1130) may provide a master cell
group (MCG) comprising a primary cell and/or one or
more secondary cells for a wireless device (e.g., the wire-
less device 110). A secondary base station (e.g., the SN
1150) may provide a secondary cell group (SCG) com-
prising a primary secondary cell (PSCell) and/or one or
more secondary cells for a wireless device (e.g., the wire-
less device 110).
[0095] In multi connectivity, a radio protocol architec-
ture that a bearer uses may depend on how a bearer is
setup. Three different types of bearer setup options may
be supported: an MCG bearer, an SCG bearer, and/or a
split bearer. A wireless device may receive and/or send
(e.g., transmit) packets of an MCG bearer via one or more
cells of the MCG. A wireless device may receive and/or
send (e.g., transmit) packets of an SCG bearer via one
or more cells of an SCG. Multi-connectivity may indicate
having at least one bearer configured to use radio re-
sources provided by the secondary base station. Multi-
connectivity may or may not be configured and/or imple-
mented.
[0096] A wireless device (e.g., wireless device 110)
may send (e.g., transmit) and/or receive: packets of an
MCG bearer via an SDAP layer (e.g., SDAP 1110), a
PDCP layer (e.g., NR PDCP 1111), an RLC layer (e.g.,
MN RLC 1114), and a MAC layer (e.g., MN MAC 1118);
packets of a split bearer via an SDAP layer (e.g., SDAP
1110), a PDCP layer (e.g., NR PDCP 1112), one of a
master or secondary RLC layer (e.g., MN RLC 1115, SN
RLC 1116), and one of a master or secondary MAC layer
(e.g., MN MAC 1118, SN MAC 1119); and/or packets of
an SCG bearer via an SDAP layer (e.g., SDAP 1110), a
PDCP layer (e.g., NR PDCP 1113), an RLC layer (e.g.,
SN RLC 1117), and a MAC layer (e.g., MN MAC 1119).
[0097] A master base station (e.g., MN 1130) and/or a
secondary base station (e.g., SN 1150) may send (e.g.,
transmit) and/or receive: packets of an MCG bearer via
a master or secondary node SDAP layer (e.g., SDAP
1120, SDAP 1140), a master or secondary node PDCP

layer (e.g., NR PDCP 1121, NR PDCP 1142), a master
node RLC layer (e.g., MN RLC 1124, MN RLC 1125),
and a master node MAC layer (e.g., MN MAC 1128);
packets of an SCG bearer via a master or secondary
node SDAP layer (e.g., SDAP 1120, SDAP 1140), a mas-
ter or secondary node PDCP layer (e.g., NR PDCP 1122,
NR PDCP 1143), a secondary node RLC layer (e.g., SN
RLC 1146, SN RLC 1147), and a secondary node MAC
layer (e.g., SN MAC 1148); packets of a split bearer via
a master or secondary node SDAP layer (e.g., SDAP
1120, SDAP 1140), a master or secondary node PDCP
layer (e.g., NR PDCP 1123, NR PDCP 1141), a master
or secondary node RLC layer (e.g., MN RLC 1126, SN
RLC 1144, SN RLC 1145, MN RLC 1127), and a master
or secondary node MAC layer (e.g., MN MAC 1128, SN
MAC 1148).
[0098] In multi connectivity, a wireless device may con-
figure multiple MAC entities, such as one MAC entity
(e.g., MN MAC 1118) for a master base station, and other
MAC entities (e.g., SN MAC 1119) for a secondary base
station. In multi-connectivity, a configured set of serving
cells for a wireless device may comprise two subsets: an
MCG comprising serving cells of a master base station,
and SCGs comprising serving cells of a secondary base
station. For an SCG, one or more of following configura-
tions may be used. At least one cell of an SCG may have
a configured UL CC and at least one cell of a SCG, named
as primary secondary cell (e.g., PSCell, PCell of SCG,
PCell), and may be configured with PUCCH resources.
If an SCG is configured, there may be at least one SCG
bearer or one split bearer. After or upon detection of a
physical layer problem or a random access problem on
a PSCell, or a number of NR RLC retransmissions has
been reached associated with the SCG, or after or upon
detection of an access problem on a PSCell associated
with (e.g., during) a SCG addition or an SCG change: an
RRC connection re-establishment procedure may not be
triggered, UL transmissions towards cells of an SCG may
be stopped, a master base station may be informed by
a wireless device of a SCG failure type, a DL data transfer
over a master base station may be maintained (e.g., for
a split bearer). An NR RLC acknowledged mode (AM)
bearer may be configured for a split bearer. A PCell
and/or a PSCell may not be deactivated. A PSCell may
be changed with a SCG change procedure (e.g., with
security key change and a RACH procedure). A bearer
type change between a split bearer and a SCG bearer,
and/or simultaneous configuration of a SCG and a split
bearer, may or may not be supported.
[0099] With respect to interactions between a master
base station and a secondary base stations for multi-
connectivity, one or more of the following may be used.
A master base station and/or a secondary base station
may maintain RRM measurement configurations of a
wireless device. A master base station may determine
(e.g., based on received measurement reports, traffic
conditions, and/or bearer types) to request a secondary
base station to provide additional resources (e.g., serving
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cells) for a wireless device. After or upon receiving a re-
quest from a master base station, a secondary base sta-
tion may create and/or modify a container that may result
in a configuration of additional serving cells for a wireless
device (or decide that the secondary base station has no
resource available to do so). For a wireless device ca-
pability coordination, a master base station may provide
(e.g., all or a part of) an AS configuration and wireless
device capabilities to a secondary base station. A master
base station and a secondary base station may exchange
information about a wireless device configuration such
as by using RRC containers (e.g., inter-node messages)
carried via Xn messages. A secondary base station may
initiate a reconfiguration of the secondary base station
existing serving cells (e.g., PUCCH towards the second-
ary base station). A secondary base station may decide
which cell is a PSCell within a SCG. A master base station
may or may not change content of RRC configurations
provided by a secondary base station. A master base
station may provide recent (and/or the latest) measure-
ment results for SCG cell(s), for example, if an SCG ad-
dition and/or an SCG SCell addition occurs. A master
base station and secondary base stations may receive
information of SFN and/or subframe offset of each other
from an OAM and/or via an Xn interface (e.g., for a pur-
pose of DRX alignment and/or identification of a meas-
urement gap). Dedicated RRC signaling may be used for
sending required system information of a cell as for CA,
for example, if adding a new SCG SCell, except for an
SFN acquired from an MIB of a PSCell of a SCG.
[0100] FIG. 12 shows an example diagram of a random
access procedure. One or more events may trigger a
random access procedure. For example, one or more
events may be at least one of following: initial access
from RRC_IDLE, RRC connection re-establishment pro-
cedure, handover, DL or UL data arrival in (e.g., during)
a state of RRC_CONNECTED (e.g., if UL synchroniza-
tion status is non-synchronized), transition from
RRC_Inactive, and/or request for other system informa-
tion. A PDCCH order, a MAC entity, and/or a beam failure
indication may initiate a random access procedure.
[0101] A random access procedure may comprise or
be one of at least a contention based random access
procedure and/or a contention free random access pro-
cedure. A contention based random access procedure
may comprise one or more Msg 1 1220 transmissions,
one or more Msg2 1230 transmissions, one or more Msg3
1240 transmissions, and contention resolution 1250. A
contention free random access procedure may comprise
one or more Msg 1 1220 transmissions and one or more
Msg2 1230 transmissions. One or more of Msg 1 1220,
Msg 2 1230, Msg 3 1240, and/or contention resolution
1250 may be transmitted in the same step. A two-step
random access procedure, for example, may comprise
a first transmission (e.g., Msg A) and a second transmis-
sion (e.g., Msg B). The first transmission (e.g., Msg A)
may comprise transmitting, by a wireless device (e.g.,
wireless device 110) to a base station (e.g., base station

120), one or more messages indicating an equivalent
and/or similar contents of Msg1 1220 and Msg3 1240 of
a four-step random access procedure. The second trans-
mission (e.g., Msg B) may comprise transmitting, by the
base station (e.g., base station 120) to a wireless device
(e.g., wireless device 110) after or in response to the first
message, one or more messages indicating an equiva-
lent and/or similar content of Msg2 1230 and contention
resolution 1250 of a four-step random access procedure.
[0102] A base station may send (e.g., transmit, unicast,
multicast, broadcast, etc.), to a wireless device, a RACH
configuration 1210 via one or more beams. The RACH
configuration 1210 may comprise one or more parame-
ters indicating at least one of following: an available set
of PRACH resources for a transmission of a random ac-
cess preamble, initial preamble power (e.g., random ac-
cess preamble initial received target power), an RSRP
threshold for a selection of a SS block and corresponding
PRACH resource, a power-ramping factor (e.g., random
access preamble power ramping step), a random access
preamble index, a maximum number of preamble trans-
missions, preamble group A and group B, a threshold
(e.g., message size) to determine the groups of random
access preambles, a set of one or more random access
preambles for a system information request and corre-
sponding PRACH resource(s) (e.g., if any), a set of one
or more random access preambles for beam failure re-
covery request and corresponding PRACH resource(s)
(e.g., if any), a time window to monitor RA response(s),
a time window to monitor response(s) on beam failure
recovery request, and/or a contention resolution timer.
[0103] The Msg1 1220 may comprise one or more
transmissions of a random access preamble. For a con-
tention based random access procedure, a wireless de-
vice may select an SS block with an RSRP above the
RSRP threshold. If random access preambles group B
exists, a wireless device may select one or more random
access preambles from a group A or a group B, for ex-
ample, depending on a potential Msg3 1240 size. If a
random access preambles group B does not exist, a wire-
less device may select the one or more random access
preambles from a group A. A wireless device may select
a random access preamble index randomly (e.g., with
equal probability or a normal distribution) from one or
more random access preambles associated with a se-
lected group. If a base station semi-statically configures
a wireless device with an association between random
access preambles and SS blocks, the wireless device
may select a random access preamble index randomly
with equal probability from one or more random access
preambles associated with a selected SS block and a
selected group.
[0104] A wireless device may initiate a contention free
random access procedure, for example, based on a
beam failure indication from a lower layer. A base station
may semi-statically configure a wireless device with one
or more contention free PRACH resources for beam fail-
ure recovery request associated with at least one of SS
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blocks and/or CSI-RSs. A wireless device may select a
random access preamble index corresponding to a se-
lected SS block or a CSI-RS from a set of one or more
random access preambles for beam failure recovery re-
quest, for example, if at least one of the SS blocks with
an RSRP above a first RSRP threshold amongst asso-
ciated SS blocks is available, and/or if at least one of
CSI-RSs with a RSRP above a second RSRP threshold
amongst associated CSI-RSs is available.
[0105] A wireless device may receive, from a base sta-
tion, a random access preamble index via PDCCH or
RRC for a contention free random access procedure. The
wireless device may select a random access preamble
index, for example, if a base station does not configure
a wireless device with at least one contention free
PRACH resource associated with SS blocks or CSI-RS.
The wireless device may select the at least one SS block
and/or select a random access preamble corresponding
to the at least one SS block, for example, if a base station
configures the wireless device with one or more conten-
tion free PRACH resources associated with SS blocks
and/or if at least one SS block with a RSRP above a first
RSRP threshold amongst associated SS blocks is avail-
able. The wireless device may select the at least one
CSI-RS and/or select a random access preamble corre-
sponding to the at least one CSI-RS, for example, if a
base station configures a wireless device with one or
more contention free PRACH resources associated with
CSI-RSs and/or if at least one CSI-RS with a RSRP
above a second RSPR threshold amongst the associated
CSI-RSs is available.
[0106] A wireless device may perform one or more
Msg1 1220 transmissions, for example, by sending (e.g.,
transmitting) the selected random access preamble. The
wireless device may determine an PRACH occasion from
one or more PRACH occasions corresponding to a se-
lected SS block, for example, if the wireless device se-
lects an SS block and is configured with an association
between one or more PRACH occasions and/or one or
more SS blocks. The wireless device may determine a
PRACH occasion from one or more PRACH occasions
corresponding to a selected CSI-RS, for example, if the
wireless device selects a CSI-RS and is configured with
an association between one or more PRACH occasions
and one or more CSI-RSs. The wireless device may send
(e.g., transmit), to a base station, a selected random ac-
cess preamble via a selected PRACH occasions. The
wireless device may determine a transmit power for a
transmission of a selected random access preamble at
least based on an initial preamble power and a power-
ramping factor. The wireless device may determine an
RA-RNTI associated with a selected PRACH occasion
in which a selected random access preamble is sent (e.g.,
transmitted). The wireless device may not determine an
RA-RNTI for a beam failure recovery request. The wire-
less device may determine an RA-RNTI at least based
on an index of a first OFDM symbol, an index of a first
slot of a selected PRACH occasions, and/or an uplink

carrier index for a transmission of Msg1 1220.
[0107] A wireless device may receive, from a base sta-
tion, a random access response, Msg 2 1230. The wire-
less device may start a time window (e.g., ra-Respon-
seWindow) to monitor a random access response. For
beam failure recovery request, the base station may con-
figure the wireless device with a different time window
(e.g., bfr-ResponseWindow) to monitor response on
beam failure recovery request. The wireless device may
start a time window (e.g., ra-ResponseWindow or bfr-
ResponseWindow) at a start of a first PDCCH occasion,
for example, after a fixed duration of one or more symbols
from an end of a preamble transmission. If the wireless
device sends (e.g., transmits) multiple preambles, the
wireless device may start a time window at a start of a
first PDCCH occasion after a fixed duration of one or
more symbols from an end of a first preamble transmis-
sion. The wireless device may monitor a PDCCH of a
cell for at least one random access response identified
by a RA-RNTI, or for at least one response to beam failure
recovery request identified by a C-RNTI, at a time that a
timer for a time window is running.
[0108] A wireless device may determine that a recep-
tion of random access response is successful, for exam-
ple, if at least one random access response comprises
a random access preamble identifier corresponding to a
random access preamble sent (e.g., transmitted) by the
wireless device. The wireless device may determine that
the contention free random access procedure is success-
fully completed, for example, if a reception of a random
access response is successful. The wireless device may
determine that a contention free random access proce-
dure is successfully complete, for example, if a conten-
tion free random access procedure is triggered for a
beam failure recovery request and if a PDCCH transmis-
sion is addressed to a C-RNTI. The wireless device may
determine that the random access procedure is success-
fully completed, and may indicate a reception of an ac-
knowledgement for a system information request to up-
per layers, for example, if at least one random access
response comprises only a random access preamble
identifier. The wireless device may stop sending (e.g.,
transmitting) remaining preambles (if any) after or in re-
sponse to a successful reception of a corresponding ran-
dom access response, for example, if the wireless device
has signaled multiple preamble transmissions.
[0109] The wireless device may perform one or more
Msg 3 1240 transmissions, for example, after or in re-
sponse to a successful reception of random access re-
sponse (e.g., for a contention based random access pro-
cedure). The wireless device may adjust an uplink trans-
mission timing, for example, based on a timing advanced
command indicated by a random access response. The
wireless device may send (e.g., transmit) one or more
transport blocks, for example, based on an uplink grant
indicated by a random access response. Subcarrier
spacing for PUSCH transmission for Msg3 1240 may be
provided by at least one higher layer (e.g., RRC) param-

37 38 



EP 3 525 516 A1

21

5

10

15

20

25

30

35

40

45

50

55

eter. The wireless device may send (e.g., transmit) a ran-
dom access preamble via a PRACH, and Msg3 1240 via
PUSCH, on the same cell. A base station may indicate
an UL BWP for a PUSCH transmission of Msg3 1240 via
system information block. The wireless device may use
HARQ for a retransmission of Msg 3 1240.
[0110] Multiple wireless devices may perform Msg 1
1220, for example, by sending (e.g., transmitting) the
same preamble to a base station. The multiple wireless
devices may receive, from the base station, the same
random access response comprising an identity (e.g.,
TC-RNTI). Contention resolution (e.g., comprising the
wireless device 110 receiving contention resolution
1250) may be used to increase the likelihood that a wire-
less device does not incorrectly use an identity of another
wireless device. The contention resolution 1250 may be
based on, for example, a C-RNTI on a PDCCH, and/or
a wireless device contention resolution identity on a DL-
SCH. If a base station assigns a C-RNTI to a wireless
device, the wireless device may perform contention res-
olution (e.g., comprising receiving contention resolution
1250), for example, based on a reception of a PDCCH
transmission that is addressed to the C-RNTI. The wire-
less device may determine that contention resolution is
successful, and/or that a random access procedure is
successfully completed, for example, after or in response
to detecting a C-RNTI on a PDCCH. If a wireless device
has no valid C-RNTI, a contention resolution may be ad-
dressed by using a TC-RNTI. If a MAC PDU is success-
fully decoded and a MAC PDU comprises a wireless de-
vice contention resolution identity MAC CE that matches
or otherwise corresponds with the CCCH SDU sent (e.g.,
transmitted) in Msg3 1250, the wireless device may de-
termine that the contention resolution (e.g., comprising
contention resolution 1250) is successful and/or the wire-
less device may determine that the random access pro-
cedure is successfully completed.
[0111] FIG. 13 shows an example structure for MAC
entities. A wireless device may be configured to operate
in a multi-connectivity mode. A wireless device in
RRC_CONNECTED with multiple Rx/Tx may be config-
ured to utilize radio resources provided by multiple
schedulers that may be located in a plurality of base sta-
tions. The plurality of base stations may be connected
via a non-ideal or ideal backhaul over the Xn interface.
A base station in a plurality of base stations may act as
a master base station or as a secondary base station. A
wireless device may be connected to and/or in commu-
nication with, for example, one master base station and
one or more secondary base stations. A wireless device
may be configured with multiple MAC entities, for exam-
ple, one MAC entity for a master base station, and one
or more other MAC entities for secondary base station(s).
A configured set of serving cells for a wireless device
may comprise two subsets: an MCG comprising serving
cells of a master base station, and one or more SCGs
comprising serving cells of a secondary base station(s).
FIG. 13 shows an example structure for MAC entities in

which a MCG and a SCG are configured for a wireless
device.
[0112] At least one cell in a SCG may have a configured
UL CC. A cell of the at least one cell may comprise a
PSCell or a PCell of a SCG, or a PCell. A PSCell may
be configured with PUCCH resources. There may be at
least one SCG bearer, or one split bearer, for a SCG that
is configured. After or upon detection of a physical layer
problem or a random access problem on a PSCell, after
or upon reaching a number of RLC retransmissions as-
sociated with the SCG, and/or after or upon detection of
an access problem on a PSCell associated with (e.g.,
during) a SCG addition or a SCG change: an RRC con-
nection re-establishment procedure may not be trig-
gered, UL transmissions towards cells of a SCG may be
stopped, and/or a master base station may be informed
by a wireless device of a SCG failure type and DL data
transfer over a master base station may be maintained.
[0113] A MAC sublayer may provide services such as
data transfer and radio resource allocation to upper lay-
ers (e.g., 1310 or 1320). A MAC sublayer may comprise
a plurality of MAC entities (e.g., 1350 and 1360). A MAC
sublayer may provide data transfer services on logical
channels. To accommodate different kinds of data trans-
fer services, multiple types of logical channels may be
defined. A logical channel may support transfer of a par-
ticular type of information. A logical channel type may be
defined by what type of information (e.g., control or data)
is transferred. BCCH, PCCH, CCCH and/or DCCH may
be control channels, and DTCH may be a traffic channel.
A first MAC entity (e.g., 1310) may provide services on
PCCH, BCCH, CCCH, DCCH, DTCH, and/or MAC con-
trol elements. A second MAC entity (e.g., 1320) may pro-
vide services on BCCH, DCCH, DTCH, and/or MAC con-
trol elements.
[0114] A MAC sublayer may expect from a physical
layer (e.g., 1330 or 1340) services such as data transfer
services, signaling of HARQ feedback, and/or signaling
of scheduling request or measurements (e.g., CQI). In
dual connectivity, two MAC entities may be configured
for a wireless device: one for a MCG and one for a SCG.
A MAC entity of a wireless device may handle a plurality
of transport channels. A first MAC entity may handle first
transport channels comprising a PCCH of a MCG, a first
BCH of the MCG, one or more first DL-SCHs of the MCG,
one or more first UL-SCHs of the MCG, and/or one or
more first RACHs of the MCG. A second MAC entity may
handle second transport channels comprising a second
BCH of a SCG, one or more second DL-SCHs of the
SCG, one or more second UL-SCHs of the SCG, and/or
one or more second RACHs of the SCG.
[0115] If a MAC entity is configured with one or more
SCells, there may be multiple DL-SCHs, multiple UL-
SCHs, and/or multiple RACHs per MAC entity. There
may be one DL-SCH and/or one UL-SCH on an SpCell.
There may be one DL-SCH, zero or one UL-SCH, and/or
zero or one RACH for an SCell. A DL-SCH may support
receptions using different numerologies and/or TTI du-
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ration within a MAC entity. A UL-SCH may support trans-
missions using different numerologies and/or TTI dura-
tion within the MAC entity.
[0116] A MAC sublayer may support different func-
tions. The MAC sublayer may control these functions with
a control (e.g., Control 1355 and/or Control 1365) ele-
ment. Functions performed by a MAC entity may com-
prise one or more of: mapping between logical channels
and transport channels (e.g., in uplink or downlink), mul-
tiplexing (e.g., (De-) Multiplexing 1352 and/or (De-) Mul-
tiplexing 1362) of MAC SDUs from one or different logical
channels onto transport blocks (TBs) to be delivered to
the physical layer on transport channels (e.g., in uplink),
demultiplexing (e.g., (De-) Multiplexing 1352 and/or (De-)
Multiplexing 1362) of MAC SDUs to one or different log-
ical channels from transport blocks (TBs) delivered from
the physical layer on transport channels (e.g., in down-
link), scheduling information reporting (e.g., in uplink),
error correction through HARQ in uplink and/or downlink
(e.g., 1363), and logical channel prioritization in uplink
(e.g., Logical Channel Prioritization 1351 and/or Logical
Channel Prioritization 1361). A MAC entity may handle
a random access process (e.g., Random Access Control
1354 and/or Random Access Control 1364).
[0117] FIG. 14 shows an example diagram of a RAN
architecture comprising one or more base stations. A pro-
tocol stack (e.g., RRC, SDAP, PDCP, RLC, MAC, and/or
PHY) may be supported at a node. A base station (e.g.,
gNB 120A and/or 120B) may comprise a base station
central unit (CU) (e.g., gNB-CU 1420A or 1420B) and at
least one base station distributed unit (DU) (e.g., gNB-
DU 1430A, 1430B, 1430C, and/or 1430D), for example,
if a functional split is configured. Upper protocol layers
of a base station may be located in a base station CU,
and lower layers of the base station may be located in
the base station DUs. An F1 interface (e.g., CU-DU in-
terface) connecting a base station CU and base station
DUs may be an ideal or non-ideal backhaul. F1-C may
provide a control plane connection over an F1 interface,
and F1-U may provide a user plane connection over the
F1 interface. An Xn interface may be configured between
base station CUs.
[0118] A base station CU may comprise an RRC func-
tion, an SDAP layer, and/or a PDCP layer. Base station
DUs may comprise an RLC layer, a MAC layer, and/or a
PHY layer. Various functional split options between a
base station CU and base station DUs may be possible,
for example, by locating different combinations of upper
protocol layers (e.g., RAN functions) in a base station
CU and different combinations of lower protocol layers
(e.g., RAN functions) in base station DUs. A functional
split may support flexibility to move protocol layers be-
tween a base station CU and base station DUs, for ex-
ample, depending on service requirements and/or net-
work environments.
[0119] Functional split options may be configured per
base station, per base station CU, per base station DU,
per wireless device, per bearer, per slice, and/or with

other granularities. In a per base station CU split, a base
station CU may have a fixed split option, and base station
DUs may be configured to match a split option of a base
station CU. In a per base station DU split, a base station
DU may be configured with a different split option, and a
base station CU may provide different split options for
different base station DUs. In a per wireless device split,
a base station (e.g., a base station CU and at least one
base station DUs) may provide different split options for
different wireless devices. In a per bearer split, different
split options may be utilized for different bearers. In a per
slice splice, different split options may be used for differ-
ent slices.
[0120] FIG. 15 shows an example diagram showing
RRC state transitions of a wireless device. A wireless
device may be in at least one RRC state among an RRC
connected state (e.g., RRC Connected 1530,
RRC_Connected, etc.), an RRC idle state (e.g., RRC Idle
1510, RRC_Idle, etc.), and/or an RRC inactive state (e.g.,
RRC Inactive 1520, RRC_Inactive, etc.). In an RRC con-
nected state, a wireless device may have at least one
RRC connection with at least one base station (e.g., gNB
and/or eNB), which may have a context of the wireless
device (e.g., UE context). A wireless device context (e.g.,
UE context) may comprise at least one of an access stra-
tum context, one or more radio link configuration param-
eters, bearer (e.g., data radio bearer (DRB), signaling
radio bearer (SRB), logical channel, QoS flow, PDU ses-
sion, and/or the like) configuration information, security
information, PHY/MAC/RLC/PDCP/SDAP layer configu-
ration information, and/or the like configuration informa-
tion for a wireless device. In an RRC idle state, a wireless
device may not have an RRC connection with a base
station, and a context of the wireless device may not be
stored in a base station. In an RRC inactive state, a wire-
less device may not have an RRC connection with a base
station. A context of a wireless device may be stored in
a base station, which may comprise an anchor base sta-
tion (e.g., a last serving base station).
[0121] A wireless device may transition an RRC state
(e.g., UE RRC state) between an RRC idle state and an
RRC connected state in both ways (e.g., connection re-
lease 1540 or connection establishment 1550; and/or
connection reestablishment) and/or between an RRC in-
active state and an RRC connected state in both ways
(e.g., connection inactivation 1570 or connection resume
1580). A wireless device may transition its RRC state
from an RRC inactive state to an RRC idle state (e.g.,
connection release 1560).
[0122] An anchor base station may be a base station
that may keep a context of a wireless device (e.g., UE
context) at least at (e.g., during) a time period that the
wireless device stays in a RAN notification area (RNA)
of an anchor base station, and/or at (e.g., during) a time
period that the wireless device stays in an RRC inactive
state. An anchor base station may comprise a base sta-
tion that a wireless device in an RRC inactive state was
most recently connected to in a latest RRC connected
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state, and/or a base station in which a wireless device
most recently performed an RNA update procedure. An
RNA may comprise one or more cells operated by one
or more base stations. A base station may belong to one
or more RNAs. A cell may belong to one or more RNAs.
[0123] A wireless device may transition, in a base sta-
tion, an RRC state (e.g., UE RRC state) from an RRC
connected state to an RRC inactive state. The wireless
device may receive RNA information from the base sta-
tion. RNA information may comprise at least one of an
RNA identifier, one or more cell identifiers of one or more
cells of an RNA, a base station identifier, an IP address
of the base station, an AS context identifier of the wireless
device, a resume identifier, and/or the like.
[0124] An anchor base station may broadcast a mes-
sage (e.g., RAN paging message) to base stations of an
RNA to reach to a wireless device in an RRC inactive
state. The base stations receiving the message from the
anchor base station may broadcast and/or multicast an-
other message (e.g., paging message) to wireless de-
vices in their coverage area, cell coverage area, and/or
beam coverage area associated with the RNA via an air
interface.
[0125] A wireless device may perform an RNA update
(RNAU) procedure, for example, if the wireless device is
in an RRC inactive state and moves into a new RNA. The
RNAU procedure may comprise a random access pro-
cedure by the wireless device and/or a context retrieve
procedure (e.g., UE context retrieve). A context retrieve
procedure may comprise: receiving, by a base station
from a wireless device, a random access preamble; and
requesting and/or receiving (e.g., fetching), by a base
station, a context of the wireless device (e.g., UE context)
from an old anchor base station. The requesting and/or
receiving (e.g., fetching) may comprise: sending a re-
trieve context request message (e.g., UE context request
message) comprising a resume identifier to the old an-
chor base station and receiving a retrieve context re-
sponse message comprising the context of the wireless
device from the old anchor base station.
[0126] A wireless device in an RRC inactive state may
select a cell to camp on based on at least a measurement
result for one or more cells, a cell in which a wireless
device may monitor an RNA paging message, and/or a
core network paging message from a base station. A
wireless device in an RRC inactive state may select a
cell to perform a random access procedure to resume an
RRC connection and/or to send (e.g., transmit) one or
more packets to a base station (e.g., to a network). The
wireless device may initiate a random access procedure
to perform an RNA update procedure, for example, if a
cell selected belongs to a different RNA from an RNA for
the wireless device in an RRC inactive state. The wireless
device may initiate a random access procedure to send
(e.g., transmit) one or more packets to a base station of
a cell that the wireless device selects, for example, if the
wireless device is in an RRC inactive state and has one
or more packets (e.g., in a buffer) to send (e.g., transmit)

to a network. A random access procedure may be per-
formed with two messages (e.g., 2 stage or 2-step ran-
dom access) and/or four messages (e.g., 4 stage or 4-
step random access) between the wireless device and
the base station.
[0127] A base station receiving one or more uplink
packets from a wireless device in an RRC inactive state
may request and/or receive (e.g., fetch) a context of a
wireless device (e.g., UE context), for example, by send-
ing (e.g., transmitting) a retrieve context request mes-
sage for the wireless device to an anchor base station of
the wireless device based on at least one of an AS context
identifier, an RNA identifier, a base station identifier, a
resume identifier, and/or a cell identifier received from
the wireless device. A base station may send (e.g., trans-
mit) a path switch request for a wireless device to a core
network entity (e.g., AMF, MME, and/or the like), for ex-
ample, after or in response to requesting and/or receiving
(e.g., fetching) a context. A core network entity may up-
date a downlink tunnel endpoint identifier for one or more
bearers established for the wireless device between a
user plane core network entity (e.g., UPF, S-GW, and/or
the like) and a RAN node (e.g., the base station), such
as by changing a downlink tunnel endpoint identifier from
an address of the anchor base station to an address of
the base station.
[0128] A base station may communicate with a wire-
less device via a wireless network using one or more
technologies, such as new radio technologies (e.g., NR,
5G, etc.). The one or more radio technologies may com-
prise at least one of: multiple technologies related to
physical layer; multiple technologies related to medium
access control layer; and/or multiple technologies related
to radio resource control layer. Enhancing the one or
more radio technologies may improve performance of a
wireless network. System throughput, and/or data rate
of transmission, may be increased. Battery consumption
of a wireless device may be reduced. Latency of data
transmission between a base station and a wireless de-
vice may be improved. Network coverage of a wireless
network may be improved. Transmission efficiency of a
wireless network may be improved.
[0129] A base station may send (e.g., transmit) one or
more MAC PDUs to a wireless device. A MAC PDU may
comprise a bit string that may be byte aligned (e.g., mul-
tiple of eight bits) in length. Bit strings may be represented
by tables in which the most significant bit is the leftmost
bit of the first line of the table, and the least significant
bit is the rightmost bit on the last line of the table. The bit
string may be read from the left to right, and then, in the
reading order of the lines. The bit order of a parameter
field within a MAC PDU may be represented with the first
and most significant bit in the leftmost bit, and with the
last and least significant bit in the rightmost bit.
[0130] A MAC SDU may comprise a bit string that is
byte aligned (e.g., multiple of eight bits) in length. A MAC
SDU may be included in a MAC PDU, for example, from
the first bit onward. In an example, a MAC CE may be a
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bit string that is byte aligned (e.g., multiple of eight bits)
in length. A MAC subheader may be a bit string that is
byte aligned (e.g., multiple of eight bits) in length. A MAC
subheader may be placed immediately in front of the cor-
responding MAC SDU, MAC CE, and/or padding. A MAC
entity may ignore a value of reserved bits in a DL MAC
PDU.
[0131] A MAC PDU may comprise one or more MAC
subPDUs. A MAC subPDU of the one or more MAC sub-
PDUs may comprise at least one of: a MAC subheader
only (e.g., including padding); a MAC subhearder and a
MAC SDU; a MAC subheader and a MAC CE; and/or a
MAC subheader and padding. The MAC SDU may be of
variable size. A MAC subheader may correspond to a
MAC SDU, a MAC CE, and/or padding.
[0132] A MAC subheader may comprise: an R field
comprising one bit; an F field with one bit in length; an
LCID field with multiple bits in length; an L field with mul-
tiple bits in length, for example, if the MAC subheader
corresponds to a MAC SDU, a variable-sized MAC CE,
and/or padding.
[0133] FIG. 16A shows an example of a MAC subhead-
er comprising an eight-bit L field. The LCID field may
have six bits in length. The L field may have eight bits in
length.
[0134] FIG. 16B shows an example of a MAC subhead-
er with a sixteen-bit L field. The LCID field may have six
bits in length. The L field may have sixteen bits in length.
A MAC subheader may comprise: a R field comprising
two bits in length; and an LCID field comprising multiple
bits in length (e.g., if the MAC subheader corresponds
to a fixed sized MAC CE), and/or padding.
[0135] FIG. 16C shows an example of the MAC sub-
header.The LCID field may comprise six bits in length,
and the R field may comprise two bits in length.
[0136] FIG. 17A shows an example of a DL MAC PDU.
Multiple MAC CEs may be placed together. A MAC sub-
PDU comprising MAC CE may be placed before any MAC
subPDU comprising a MAC SDU, and/or before a MAC
subPDU comprising padding.
[0137] FIG. 17B shows an example of a UL MAC PDU.
Multiple MAC CEs may be placed together. A MAC sub-
PDU comprising a MAC CE may be placed after all MAC
subPDU comprising a MAC SDU. The MAC subPDU may
be placed before a MAC subPDU comprising padding.
[0138] FIG. 18A shows an example of multiple LCIDs
associated with the one or more MAC CEs. A MAC entity
of a base station may send (e.g., transmit) to a MAC
entity of a wireless device one or more MAC CEs. The
one or more MAC CEs may comprise at least one of: a
wireless device (e.g., UE) contention resolution identity
MAC CE; a timing advance command MAC CE; a DRX
command MAC CE; a long DRX command MAC CE; an
SCell activation and/or deactivation MAC CE (e.g., 1 Oc-
tet); an SCell activation and/or deactivation MAC CE
(e.g., 4 Octet); and/or a duplication activation and/or de-
activation MAC CE. A MAC CE may comprise an LCID
in the corresponding MAC subheader. Different MAC

CEs may have different LCID in the corresponding MAC
subheader. An LCID with 111011 in a MAC subheader
may indicate a MAC CE associated with the MAC sub-
header is a long DRX command MAC CE.
[0139] FIG. 18B shows an example of the one or more
MAC CEs. The MAC entity of the wireless device may
send (e.g., transmit), to the MAC entity of the base sta-
tion, one or more MAC CEs. The one or more MAC CEs
may comprise at least one of: a short buffer status report
(BSR) MAC CE; a long BSR MAC CE; a C-RNTI MAC
CE; a configured grant confirmation MAC CE; a single
entry PHR MAC CE; a multiple entry PHR MAC CE; a
short truncated BSR; and/or a long truncated BSR. A
MAC CE may comprise an LCID in the corresponding
MAC subheader. Different MAC CEs may have different
LCIDs in the corresponding MAC subheader. The LCID
with 111011 in a MAC subheader may indicate a MAC
CE associated with the MAC subheader is a short-trun-
cated command MAC CE.
[0140] Two or more component carriers (CCs) may be
aggregated, for example, in a carrier aggregation. A wire-
less device may simultaneously receive and/or transmit
on one or more CCs, for example, depending on capa-
bilities of the wireless device. The CA may be supported
for contiguous CCs. The CA may be supported for non-
contiguous CCs.
[0141] A wireless device may have one RRC connec-
tion with a network, for example, if configured with CA.
At (e.g., during) an RRC connection establishment, re-
establishment and/or handover, a cell providing a NAS
mobility information may be a serving cell. At (e.g., dur-
ing) an RRC connection re-establishment and/or hando-
ver procedure, a cell providing a security input may be a
serving cell.The serving cell may be referred to as a pri-
mary cell (PCell). A base station may send (e.g., trans-
mit), to a wireless device, one or more messages com-
prising configuration parameters of a plurality of one or
more secondary cells (SCells), for example, depending
on capabilities of the wireless device.
[0142] A base station and/or a wireless device may
use an activation and/or deactivation mechanism of an
SCell for an efficient battery consumption, for example,
if the base station and/or the wireless device is configured
with CA. A base station may activate or deactivate at
least one of the one or more SCells, for example, if the
wireless device is configured with one or more SCells.
The SCell may be deactivated, for example, after or upon
configuration of an SCell.
[0143] A wireless device may activate and/or deacti-
vate an SCell, for example, after or in response to receiv-
ing an SCell activation and/or deactivation MAC CE.A
base station may send (e.g., transmit), to a wireless de-
vice, one or more messages comprising an sCellDeac-
tivationTimer timer. The wireless device may deactivate
an SCell, for example, after or in response to an expiry
of the sCellDeactivationTimer timer.
[0144] A wireless device may activate an SCell, for ex-
ample, if the wireless device receives an SCell activa-
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tion/deactivation MAC CE activating an SCell,. The wire-
less device may perform operations (e.g., after or in re-
sponse to the activating the SCell) that may comprise:
SRS transmissions on the SCell; CQI, PMI, RI, and/or
CRI reporting for the SCell on a PCell; PDCCH monitoring
on the SCell; PDCCH monitoring for the SCell on the
PCell; and/or PUCCH transmissions on the SCell.
[0145] The wireless device may start and/or restart a
timer (e.g., an sCellDeactivationTimer timer) associated
with the SCell, for example, after or in response to acti-
vating the SCell. The wireless device may start the timer
(e.g., sCellDeactivationTimer timer) in the slot, for exam-
ple, if the SCell activation/deactivation MAC CE has been
received. The wireless device may initialize and/or re-
initialize one or more suspended configured uplink grants
of a configured grant Type 1 associated with the SCell
according to a stored configuration, for example, after or
in response to activating the SCell.The wireless device
may trigger PHR, for example, after or in response to
activating the SCell.
[0146] The wireless device may deactivate the activat-
ed SCell, for example, if the wireless device receives an
SCell activation/deactivation MAC CE deactivating an
activated SCell. The wireless device may deactivate the
activated SCell, for example, if a timer (e.g., an sCellDe-
activationTimer timer) associated with an activated SCell
expires. The wireless device may stop the timer (e.g.,
sCellDeactivationTimer timer) associated with the acti-
vated SCell, for example, after or in response to deacti-
vating the activated SCell. The wireless device may clear
one or more configured downlink assignments and/or
one or more configured uplink grant Type 2 associated
with the activated SCell, for example, after or in response
to the deactivating the activated SCell. The wireless de-
vice may suspend one or more configured uplink grant
Type 1 associated with the activated SCell, for example,
after or in response to deactivating the activated SCell.
The wireless device may flush HARQ buffers associated
with the activated SCell.
[0147] A wireless device may not perform certain op-
erations, for example, if an SCell is deactivated. The wire-
less device may not perform one or more of the following
operations if an SCell is deactivated: transmitting SRS
on the SCell; reporting CQI, PMI, RI, and/or CRI for the
SCell on a PCell; transmitting on UL-SCH on the SCell;
transmitting on a RACH on the SCell; monitoring at least
one first PDCCH on the SCell; monitoring at least one
second PDCCH for the SCell on the PCell; and/or trans-
mitting a PUCCH on the SCell.
[0148] A wireless device may restart a timer (e.g., an
sCellDeactivationTimer timer) associated with the acti-
vated SCell, for example, if at least one first PDCCH on
an activated SCell indicates an uplink grant or a downlink
assignment. A wireless device may restart a timer (e.g.,
an sCellDeactivationTimer timer) associated with the ac-
tivated SCell, for example, if at least one second PDCCH
on a serving cell (e.g. a PCell or an SCell configured with
PUCCH, such as a PUCCH SCell) scheduling the acti-

vated SCell indicates an uplink grant and/or a downlink
assignment for the activated SCell. A wireless device
may abort the ongoing random access procedure on the
SCell, for example, if an SCell is deactivated and/or if
there is an ongoing random access procedure on the
SCell.
[0149] FIG. 18A shows an example of a first LCID. FIG.
18B shows an example of a second LCID. The left col-
umns comprise indices. The right columns comprises
corresponding LCID values for each index.
[0150] FIG. 19A shows an example of an SCell activa-
tion/deactivation MAC CE of one octet. A first MAC PDU
subheader comprising a first LCID may identify the SCell
activation/deactivation MAC CE of one octet. An SCell
activation/deactivation MAC CE of one octet may have
a fixed size. The SCell activation/deactivation MAC CE
of one octet may comprise a single octet. The single octet
may comprise a first number of C-fields (e.g., seven) and
a second number of R-fields (e.g., one).
[0151] FIG. 19B shows an example of an SCell Acti-
vation/Deactivation MAC CE of four octets. A second
MAC PDU subheader with a second LCID may identify
the SCell Activation/Deactivation MAC CE of four octets.
An SCell activation/deactivation MAC CE of four octets
may have a fixed size. The SCell activation/deactivation
MAC CE of four octets may comprise four octets. The
four octets may comprise a third number of C-fields (e.g.,
31) and a fourth number of R-fields (e.g., 1). A C_i field
may indicate an activation/deactivation status of an SCell
with an SCell index i. An SCell with an SCell index i may
be activated, for example, if the C_i field is set to one.
An SCell with an SCell index i may be deactivated, for
example, In an example, if the C_i field is set to zero. An
R field may indicate a reserved bit. The R field may be
set to zero.
[0152] A base station may send (e.g., transmit) a DCI
via a PDCCH for at least one of: a scheduling assignment
and/or grant; a slot format notification; a pre-emption in-
dication; and/or a power-control command. The DCI may
comprise at least one of: an identifier of a DCI format; a
downlink scheduling assignment(s); an uplink scheduling
grant(s); a slot format indicator; a pre-emption indication;
a power-control for PUCCH/PUSCH; and/or a power-
control for SRS.
[0153] A downlink scheduling assignment DCI may
comprise parameters indicating at least one of: an iden-
tifier of a DCI format; a PDSCH resource indication; a
transport format; HARQ information; control information
related to multiple antenna schemes; and/or a command
for power control of the PUCCH. An uplink scheduling
grant DCI may comprise parameters indicating at least
one of: an identifier of a DCI format; a PUSCH resource
indication; a transport format; HARQ related information;
and/or a power control command of the PUSCH.
[0154] Different types of control information may cor-
respond to different DCI message sizes. Supporting mul-
tiple beams, spatial multiplexing in the spatial domain,
and/or noncontiguous allocation of RBs in the frequency
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domain, may require a larger scheduling message, in
comparison with an uplink grant allowing for frequency-
contiguous allocation. DCI may be categorized into dif-
ferent DCI formats. A DCI format may correspond to a
certain message size and/or usage.
[0155] A wireless device may monitor (e.g., in common
search space or wireless device-specific search space)
one or more PDCCH for detecting one or more DCI with
one or more DCI format. A wireless device may monitor
a PDCCH with a limited set of DCI formats, for example,
which may reduce power consumption. The more DCI
formats that are to be detected, the more power may be
consumed by the wireless device.
[0156] The information in the DCI formats for downlink
scheduling may comprise at least one of: an identifier of
a DCI format; a carrier indicator; an RB allocation; a time
resource allocation; a bandwidth part indicator; a HARQ
process number; one or more MCS; one or more NDI;
one or more RV; MIMO related information; a downlink
assignment index (DAI); a TPC for PUCCH; an SRS re-
quest; and/or padding (e.g., if necessary). The MIMO re-
lated information may comprise at least one of: a PMI;
precoding information; a transport block swap flag; a
power offset between PDSCH and a reference signal; a
reference-signal scrambling sequence; a number of lay-
ers; antenna ports for the transmission; and/or a trans-
mission configuration indication (TCI).
[0157] The information in the DCI formats used for up-
link scheduling may comprise at least one of: an identifier
of a DCI format; a carrier indicator; a bandwidth part in-
dication; a resource allocation type; an RB allocation; a
time resource allocation; an MCS; an NDI; a phase rota-
tion of the uplink DMRS; precoding information; a CSI
request; an SRS request; an uplink index/DAI; a TPC for
PUSCH; and/or padding (e.g., if necessary).
[0158] A base station may perform CRC scrambling
for a DCI, for example, before transmitting the DCI via a
PDCCH. The base station may perform CRC scrambling
by binarily adding multiple bits of at least one wireless
device identifier (e.g., C-RNTI, CS-RNTI, TPC-CS-RNTI,
TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, SP CSI C-RN-
TI, and/or TPC-SRS-RNTI) on the CRC bits of the DCI.
The wireless device may check the CRC bits of the DCI,
for example, if detecting the DCI. The wireless device
may receive the DCI, for example, if the CRC is scram-
bled by a sequence of bits that is the same as the at least
one wireless device identifier.
[0159] A base station may send (e.g., transmit) one or
more PDCCH in different control resource sets (e.g.,
coresets), for example, to support a wide bandwidth op-
eration. A base station may transmit one or more RRC
messages comprising configuration parameters of one
or more coresets. A coreset may comprise at least one
of: a first OFDM symbol; a number of consecutive OFDM
symbols; a set of resource blocks; and/or a CCE-to-REG
mapping. A base station may send (e.g., transmit) a PD-
CCH in a dedicated coreset for particular purpose, for
example, for beam failure recovery confirmation. A wire-

less device may monitor a PDCCH for detecting DCI in
one or more configured coresets, for example, to reduce
the power consumption.
[0160] BFR procedureA base station and/or a wireless
device may have multiple antennas, for example, to sup-
port a transmission with high data rate (such as in an NR
system). A wireless device may perform one or more
beam management procedures, as shown in FIG. 9B,
for example, if configured with multiple antennas.
[0161] A wireless device may perform a downlink beam
management based on one or more CSI-RSs and/or one
or more SS blocks. In a beam management procedure,
a wireless device may measure a channel quality of a
beam pair link. The beam pair link may comprise a trans-
mitting beam from a base station and a receiving beam
at the wireless device. A wireless device may measure
the multiple beam pair links between the base station
and the wireless device, for example, if the wireless de-
vice is configured with multiple beams associated with
multiple CSI-RSs and/or SS blocks.
[0162] A wireless device may send (e.g., transmit) one
or more beam management reports to a base station.
The wireless device may indicate one or more beam pair
quality parameters, for example, in a beam management
report. The one or more beam pair quality parameters
may comprise at least one or more beam identifications;
RSRP; and/or PMI, CQI, and/or RI of at least a subset
of configured multiple beams.
[0163] A base station and/or a wireless device may
perform a downlink beam management procedure on
one or multiple Transmission and Receiving Point
(TRPs), such as shown in FIG. 9B. Based on a wireless
device’s beam management report, a base station may
send (e.g., transmit), to the wireless device, a signal in-
dicating that a new beam pair link is a serving beam. The
base station may transmit PDCCH and/or PDSCH to the
wireless device using the serving beam.
[0164] A wireless device and/or a base station may
trigger a beam failure recovery mechanism. A wireless
device may trigger a beam failure recovery request
(BFRQ) procedure, for example, if at least a beam failure
occurs. A beam failure may occur if a quality of beam
pair link(s) of at least one PDCCH falls below a threshold.
The threshold comprise be an RSRP value (e.g.,
-140dbm, -110dbm, or any other value) and/or a SINR
value (e.g., -3dB, -1dB, or any other value), which may
be configured in a RRC message.
[0165] FIG. 20A shows an example of a first beam fail-
ure event. A base station 2002 may send (e.g., transmit)
a PDCCH from a transmission (Tx) beam to a receiving
(Rx) beam of a wireless device 2001 from a TRP. The
base station 2002 and the wireless device 2001 may start
a beam failure recovery procedure on the TRP, for ex-
ample, if the PDCCH on the beam pair link (e.g., between
the Tx beam of the base station 2002 and the Rx beam
of the wireless device 2001) have a lower-than-threshold
RSRP and/or SINR value due to the beam pair link being
blocked (e.g., by a moving vehicle 2003, a building, or
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any other obstruction),.
[0166] FIG. 20B shows an example of a second beam
failure event. A base station may send (e.g., transmit) a
PDCCH from a beam to a wireless device 2011 from a
first TRP 2014. The base station and the wireless device
2011 may start a beam failure recovery procedure on a
new beam on a second TRP 2012, for example, if the
PDCCH on the beam is blocked (e.g., by a moving vehicle
2013, building, or any other obstruction).
[0167] A wireless device may measure a quality of
beam pair links using one or more RSs. The one or more
RSs may comprise one or more SS blocks and/or one or
more CSI-RS resources. A CSI-RS resource may be de-
termined by a CSI-RS resource index (CRI). A quality of
beam pair links may be indicated by, for example, an
RSRP value, a reference signal received quality (e.g.,
RSRQ) value, and/or a CSI (e.g., SINR) value measured
on RS resources. A base station may indicate whether
an RS resource, used for measuring beam pair link qual-
ity, is QCLed (Quasi-Co-Located) with DM-RSs of a PD-
CCH. The RS resource and the DM-RSs of the PDCCH
may be QCLed, for example, if the channel characteris-
tics from a transmission on an RS to a wireless device,
and that from a transmission on a PDCCH to the wireless
device, are similar or same under a configured criterion.
The RS resource and the DM-RSs of the PDCCH may
be QCLed, for example, if doppler shift and/or doppler
shift of the channel from a transmission on an RS to a
wireless device, and that from a transmission on a PD-
CCH to the wireless device, are the same.
[0168] A wireless device may monitor a PDCCH on M
beams (e.g. 2, 4, 8) pair links simultaneously, where M≥1
and the value of M may depend at least on capability of
the wireless device. Monitoring a PDCCH may comprise
detecting a DCI via the PDCCH transmitted on common
search spaces and/or wireless device specific search
spaces.Monitoring multiple beam pair links may increase
robustness against beam pair link blocking. A base sta-
tion may send (e.g., transmit) one or more messages
comprising parameters indicating a wireless device to
monitor PDCCH on different beam pair link(s) in different
OFDM symbols.
[0169] A base station may send (e.g., transmit) one or
more RRC messages and/or MAC CEs comprising pa-
rameters indicating Rx beam setting of a wireless device
for monitoring PDCCH on multiple beam pair links. A
base station may send (e.g., transmit) an indication of a
spatial QCL between DL RS antenna port(s) and DL RS
antenna port(s) for demodulation of DL control channel.
The indication may comprise a parameter in a MAC CE,
an RRC message, a DCI, and/or any combinations of
these signaling.
[0170] In A base station may indicate spatial QCL pa-
rameters between DL RS antenna port(s) and DM-RS
antenna port(s) of DL data channel, for example, for re-
ception of data packet on a PDSCH. A base station may
send (e.g., transmit) DCI comprising parameters indicat-
ing the RS antenna port(s) are QCLed with DM-RS an-

tenna port(s).
[0171] A wireless device may measure a beam pair
link quality based on CSI-RSs QCLed with DM-RS for
PDCCH, for example, if a base station sends (e.g., trans-
mits) a signal indicating QCL parameters between CSI-
RS and DM-RS for PDCCH. The wireless device may
start a BFR procedure, for example, if multiple contiguous
beam failures occur.
[0172] A wireless device may send (e.g., transmit) a
BFRQ signal on an uplink physical channel to a base
station, for example, if starting a BFR procedure. The
base station may send (e.g., transmit) a DCI via a PDCCH
in a coreset, for example, after or in response to receiving
the BFRQ signal on the uplink physical channel. The wire-
less may determine that the BFR procedure is success-
fully completed, for example, after or in response to re-
ceiving the DCI via the PDCCH in the coreset.
[0173] A base station may send (e.g., transmit) one or
more messages comprising configuration parameters of
an uplink physical channel, or signal, for transmitting a
beam failure recovery request. The uplink physical chan-
nel or signal may be based on one of: a contention-free
PRACH (BFR-PRACH), which may be a resource orthog-
onal to resources of other PRACH transmissions; a
PUCCH (e.g., BFR-PUCCH); and/or a contention-based
PRACH resource (e.g., CF-PRACH). Combinations of
these candidate signals and/or channels may be config-
ured by the base station. A wireless device may auton-
omously select a first resource for transmitting the BFRQ
signal, for example, if the wireless device is configured
with multiple resources for a BFRQ signal. The wireless
device may select a BFR-PRACH resource for transmit-
ting a BFRQ signal, for example, if the wireless device
is configured with the BFR-PRACH resource, a BFR-
PUCCH resource, and/or a CF-PRACH resource. The
base station may send (e.g., transmit) a message to the
wireless device indicating a resource for transmitting the
BFRQ signal, for example, if the wireless device is con-
figured with a BFR-PRACH resource, a BFR-PUCCH re-
source, and/or a CF-PRACH resource.
[0174] A base station may send (e.g., transmit) a re-
sponse to a wireless device, for example, after receiving
one or more BFRQ signals. The response may comprise
the CRI associated with the candidate beam that the wire-
less device may indicate in the one or multiple BFRQ
signals. A base station and/or a wireless device may per-
form one or more beam management procedures, for
example, if the base station and/or the wireless device
are configured with multiple beams (e.g., in system such
as in an NR system).The wireless device may perform a
BFR procedure, for example, if one or more beam pair
links between the base station and the wireless device
fail.
[0175] A wireless device may receive one or more
messages (e.g., RRC messages) comprising one or
more configuration parameters of a primary cell and one
or more configuration parameters of a secondary cell.
The one or more configurations parameters of the prima-
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ry cell and the secondary cell may comprise one or more
BFRQ resources. The one or more configuration param-
eters may indicate one or more first RSs of the primary
cell and one or more second RSs of the secondary cell.
The one or more configuration parameters may indicate
a deactivation timer of the secondary cell. The wireless
device may measure a radio link quality of one or more
candidate beams associated with the one or more first
RSs and/or the one or more second RSs. The one or
more first RSs may comprise a CSI-RS or SS blocks.
The one or more second RSs may comprise a CSI-RS
or SS blocks. The wireless device may detect a beam
failure of the secondary cell. The wireless device may
detect the beam failure of the secondary cell based on
the one or more RSs of the secondary cell. The wireless
device may assess a first radio link quality of the one or
more first RSs against a threshold for beam failure de-
tection. The wireless device may indicate one or more
beam failure instances based on the threshold for beam
failure detection. The wireless device may detect a beam
failure by comparing the one or more first RSs to a radio
quality threshold, for example, by determining that the
one or more first RSs have a radio quality that is lower
than a first threshold. The wireless device may receive,
from the base station, one or more configuration param-
eters of a primary cell and one or more configuration pa-
rameters of a secondary cell comprising a value for a first
threshold. The wireless device may measure a block er-
ror rate (BLER) of one or more downlink control channels.
The wireless device may compare a quality of the one or
more downlink control channels (e.g., associated with
one or more first RSs) with the first threshold, for exam-
ple, the wireless device may measure the BLER of one
or more downlink control channels and compare the
measurement with the first threshold for the beam failure
detection. In other words, the first threshold may be de-
termined based on a block error rate (BLER). The wire-
less device may initiate a candidate beam identification
procedure on the secondary cell, for example, after or in
response to detecting the beam failure. The wireless de-
vice may receive, from the base station, one or more
configuration parameters of a primary cell and one or
more configuration parameters of a secondary cell com-
prising a value for a second threshold. The wireless de-
vice may attempts to find a candidate beam for the BFR
procedure, for example, if the wireless device detects a
beam failure. The wireless device may measure a layer-
1 reference signal received power (L1-RSRP) of the one
or more second RSs and may select one candidate beam
(or RS), among the one or more second RSs. The wire-
less device may select a candidate beam, for example,
if the measured quality of an associated RS is greater
than the second threshold. The second threshold may
be determined based on a layer-1 reference signal re-
ceived power (L1-RSRP). The wireless device may se-
lect the candidate beam (or RS) having a L1-RSRP high-
er than the second threshold.
[0176] The wireless device may initiate a random ac-

cess procedure on the primary cell. The wireless device
may initiate the random access procedure on the primary
cell in furtherance of a beam failure recovery (BFR) pro-
cedure of the secondary cell. The wireless device may
initiate a random access procedure, for example, after
or in response to detecting the beam failure of the sec-
ondary cell. The random access procedure may relate
to the wireless device selecting an RS associated with a
BFRQ resource. The BFRQ resource may comprise at
least one preamble and at least one random access
channel resource. The random access channel resource
may be based on an associated RS. The BFRQ resource
may comprise one or more time resources and/or one or
more frequency resources on the primary cell. The ran-
dom access procedure may relate to the wireless device
sending (e.g., transmitting) a preamble via a PRACH re-
source of the primary cell. The wireless device may mon-
itor a PDCCH in one or more coresets on the primary cell
for receiving a DCI. The wireless device may receive the
DCI from the base station. The wireless device may mon-
itor the PDCCH within a configured response window.
To complete the BFR procedure, the wireless device may
receive a primary cell response (e.g., a downlink assign-
ment or an uplink grant) on the PDCCH of the primary
cell. The wireless device may activate the secondary cell,
for example, after or in response to receiving a first me-
dium-access control element (MAC CE) activating the
secondary cell. The wireless device may start a deacti-
vation timer, for example, after or in response to receiving
the first MAC CE for activating the secondary cell. The
wireless device may deactivate the secondary cell after
sending the preamble, but prior to receiving the primary
cell response. The wireless device may deactivate the
secondary cell, for example, after or in response to re-
ceiving a second MAC CE for deactivating the secondary
cell (e.g., an SCell Activation/Deactivation MAC CE). The
wireless device may deactivate the secondary cell, for
example, after or in response to the wireless device de-
termining an expiry of the deactivation timer of the sec-
ondary cell (e.g., determining an expiry of an sCellDeac-
tivationTimer timer). The wireless device may abort or
stop the random access procedure (for the BFR proce-
dure of the secondary cell) on the primary cell, for exam-
ple, after or in response to deactivating the secondary
cell (e.g., during the BFR procedure of the secondary
cell). The wireless device may abort the random access
procedure by stopping the sending (e.g., transmitting) of
the at least one preamble on the primary cell.
[0177] The base station may send (e.g., transmit), to
a wireless device, one or more messages (e.g., RRC
messages) comprising one or more configuration param-
eters of a primary cell and a secondary cell. The one or
more configuration parameters may indicate one or more
BFRQ resources on the primary cell, one or more first
reference signals (RSs) of the secondary cell, one or
more second RSs of the secondary cell, and/or an asso-
ciation between each of the one or more first RSs and
each of the one or more BFRQ resources. The one or
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more first RSs may comprise a CSI-RS or SS blocks.
The one or more second RSs may comprise a CSI-RS
or SS blocks. Additionally, or alternatively, the one or
more configuration parameters of the BFR procedure
may comprise at least a first threshold for beam failure
detection; at least a second threshold for selecting a
beam(s); and/or a first coreset associated with the BFR
procedure. The base station may receive, from a wireless
device, a preamble (e.g., a BFRQ resource) for a random
access procedure for a beam failure of the secondary
cell. The base station may receive, from the wireless de-
vice, the preamble via at least one random access chan-
nel resource of the primary cell. The base station may
send (e.g., transmit), to a wireless device, one or more
messages comprising a first set of RS resource config-
urations for a secondary cell. The first set of RS resource
configurations may comprise one or more first RSs of the
secondary cell.
[0178] The base station may also send (e.g., transmit),
to a wireless device, one or more messages comprising
configuration parameters of one or more cells. The one
or more cells may comprise at least a primary cell or a
PSCell, and one or more secondary cells. The base sta-
tion may receive, from a wireless device, a BFRQ signal.
The base station may receive the BFRQ signal, for ex-
ample, after or in response to the wireless device select-
ing a candidate beam. The base station may not send
(e.g., transmit) a PDCCH in the first coreset, for example,
if the base station does not receive the BFRQ signal on
an uplink resource. The base station may send (e.g.,
transmit) a PDCCH in a second coreset, for example, if
the base station does not receive the BFRQ signal. The
second coreset may be different from the first coreset.
The base station may send (e.g., transmit), to the wireless
device, one or more messages comprising a time, for
example, an sCellDeactivationTimer timer. The wireless
device may deactivate the secondary cell, for example,
after or in response to an expiry of the sCellDeactivation-
Timer timer. The wireless device may receive, from the
base station, the sCellDeactivationTimer timer. The base
station may stop transmitting a random access response
for the random access procedure in response to the de-
activating of the secondary cell.
[0179] FIG. 21 shows an example diagram of beam
failure recovery (BFR) procedures. The BFR procedures
shown in Figure 21 may be for a primary cell. At step
2101, a wireless device may receive one or more mes-
sages (e.g., RRC messages) comprising one or more
BFRQ parameters. At step 2102, the wireless device may
detect a beam failure according to one or more BFRQ
parameters, for example, the one or more BFRQ param-
eters received at step 2101. The wireless device may
start a first timer, for example, after or in response to
detecting the beam failure. At step 2103, the wireless
device may select a candidate beam, for example, after
or in response to detecting the beam failure. At step 2104,
the wireless device may send (e.g. transmit) a first BFRQ
signal, to a base station, for example, after or in response

to the selecting of the candidate beam. The wireless de-
vice may start a response window, for example, after or
in response to sending (e.g., transmitting) the first BFRQ
signal. The response window may be a timer with a value
configured (or determined) by the base station. At step
2105, the wireless device may monitor a PDCCH in a
first coreset, for example, during the window. The wire-
less device may monitor the PDCCH for a BFRQ re-
sponse (e.g., downlink control information) from the base
station. The first coreset may be associated with the BFR
procedure. The wireless device may monitor the PDCCH
in the first coreset, for example, in condition of sending
(e.g., transmitting) the first BFRQ signal. At step 2106,
the wireless device may receive a first DCI via the PD-
CCH in the first coreset, for example, during the response
window. At step 2107, the wireless device may determine
that the BFR procedure is successfully completed, for
example, after or in response to receiving the first DCI
via the PDCCH in the first coreset. At step 2107, the
wireless device may also determine that the BFR proce-
dure is successfully completed, for example, before the
response window expires. The wireless device may stop
the first timer and/or stop the response window, for ex-
ample, after or in response to the BFR procedure being
successfully completed.
[0180] The wireless device may, before the first timer
expires, for example, perform one or more actions com-
prising at least one of: a BFRQ signal transmission; start-
ing the response window; or monitoring the PDCCH. The
wireless device may perform one or more of said actions,
for example, if the response window expires and/or the
wireless device does not receive the DCI. The wireless
device may repeat one or more of said actions, for ex-
ample, until the BFR procedure successfully is completed
and/or the first timer expires.
[0181] At step 2108, the wireless device may declare
(and/or indicate) a BFR procedure failure, for example,
if the first timer expires and/or the wireless device does
not receive the DCI. A wireless device may declare
(and/or indicate) a BFR procedure failure, for example,
if a number of transmissions of BFRQ signals is greater
than a configured number. The base station may deter-
mine this number in the beam failure recovery configu-
ration parameters sent to the wireless device. The wire-
less device may receive, from the base station, one or
more configuration parameters comprising the config-
ured number, for example, the maximum number of
BFRQ transmission.
[0182] The wireless device may trigger a BFR proce-
dure, for example, if a number of beam failure instances
(e.g. contiguous beam failure instances) are detected. A
beam failure instance may occur, for example, if a quality
of a beam pair link is lower than a configured threshold.
The base station may determine this threshold (value) in
the beam failure recovery configuration parameters sent
to the wireless device. The wireless device may receive,
from the base station, one or more configuration param-
eters comprising the configured threshold, for example,
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the value of the threshold used for beam failure detection.
A beam failure instance may occur, for example, if the
RSRP value and/or the SINR value of a beam pair link
is lower than a first threshold value. A beam failure in-
stance may also occur, for example, if the block error
rate (BLER) of the beam pair link is higher than a second
threshold value. Sporadic beam failure instance may not
necessarily trigger a BFR procedure. Examples de-
scribed herein provide methods and systems for trigger-
ing a BFR procedure, for example, triggering a BFR pro-
cedure in a NR system.
[0183] A wireless device may receive, from a base sta-
tion, one or more RRC messages comprising one or more
configuration parameters of a BFR procedure. The one
or more configuration parameters of the BFR procedure
may comprise at least a first threshold for beam failure
detection; at least a second threshold for selecting a
beam(s); and/or a first coreset associated with the BFR
procedure. The first coreset may comprise one or more
RBs in the frequency domain and/or a symbol in the time
domain.
[0184] The first coreset may be associated with the
BFR procedure. The wireless device may monitor at least
a first PDCCH in the first coreset, for example, after or
in response to sending (e.g., transmitting) a BFRQ signal
indicating the beam failure. The wireless device may not
monitor the first PDCCH in the first coreset, for example,
after or in response to not sending (e.g., transmitting) the
BFRQ signal. A base station may not send (e.g., transmit)
a PDCCH in the first coreset, for example, if the base
station does not receive the BFRQ signal on an uplink
resource. The base station may send (e.g., transmit) a
PDCCH in a second coreset, for example, if the base
station does not receive the BFRQ signal. The wireless
device may monitor a PDCCH in a second coreset, for
example, before the BFR procedure is triggered. The
second coreset may be different from the first coreset.
[0185] The one or more configuration parameters of
the BFR procedure may indicate a first set of RSs for
beam failure detection. Additionally, or alternatively, the
one or more configuration parameters of the BFR proce-
dure may indicate one or more PRACH resources asso-
ciated with a second set of RSs (beams) for candidate
beam selection. The one or more PRACH resources may
comprise at least one of: one or more preambles, one or
more time resources, and/or one or more frequency re-
sources. Each RS of the second set of RSs may be as-
sociated with a preamble, a time resource, and/or a fre-
quency resource of at least one of the one or more
PRACH resources.
[0186] The one or more configuration parameters of
the BFR procedure may indicate one or more PUCCH
resources or scheduling request (SR) resources associ-
ated with a third set of RSs (beams). The one or more
PUCCH resources or SR resources may comprise at
least one of: a time allocation; a frequency allocation; a
cyclic shift; an orthogonal cover code; and/or a spatial
setting. One or more RSs of the third set of RSs may be

associated with each of the one or more PUCCH or SR
resources.
[0187] The first set of RSs may comprise one or more
first CSI-RSs or one or more first SS blocks (SSBs). The
second set of RSs may comprise one or more second
CSI-RSs or one or more second SSBs. The third set of
RSs may comprise one or more third CSI-RSs or one or
more third SSBs. A BFRQ signal may comprise a PRACH
preamble sent (e.g., transmitted) via a time or frequency
resource of a PRACH resource. A BFRQ signal may com-
prise a PUCCH or SR resource sent (e.g., transmitted)
on a PUCCH or SR resource.
[0188] The one or more configuration parameters of
the BFR procedure may comprise at least a first value
indicating a number of beam failure instances that may
trigger the BFR procedure; a second value of a second
timer indicating a duration of time after which the BFR
procedure may be triggered; a third value indicating a
number of BFRQ signal transmissions; a fourth value of
a fourth timer indicating a duration of time at (e.g., during)
which the wireless device may receive a response from
a base station; and/or a fifth value of a fifth timer indicating
a duration of time after which the wireless device may
declare (or indicate) a BFR procedure failure.
[0189] The wireless device (e.g., a physical layer of
the wireless device) may measure the first set of RSs.
The physical layer of the wireless device may indicate
one or more beam failure instances and/or one or more
beam non-failure instances periodically to the MAC entity
of the wireless device, for example, based on the first
threshold (e.g., the first threshold for beam failure detec-
tion).The physical layer of the wireless device may indi-
cate a beam failure instance, for example, if the meas-
ured quality (e.g., RSRP or SINR) of at least one of the
first set of RSs is lower than the first threshold (e.g., the
first threshold for beam failure detection). The physical
layer of the wireless device may indicate a beam non-
failure instance, for example, if the measured quality
(e.g., RSRP or SINR) of at least one of the first set of
RSs is equal to or higher than the first threshold (e.g.,
the first threshold for beam failure detection). The perio-
dicity of the indication (e.g., the indication of the beam
failure or non-failure instance) may be a value, for exam-
ple, a value configured or determined by the base station.
The periodicity of the indication may be the same as the
periodicity of transmission of the first set of RSs.
[0190] The MAC entity of the wireless device may set
an instance counter (e.g., increment the instance counter
by one), for example, after or in response to receiving a
first beam failure indication from the physical layer. The
MAC entity may increment the instance counter (e.g.,
increment the instance counter by one), for example, af-
ter or in response to receiving a contiguous second beam
failure indication. The MAC entity may reset the instance
counter (e.g., zero), for example, after or in response to
receiving a third beam non-failure indication. The wire-
less device may receive a non-failure indication, which
indicates that no beam failure has been detected and/or
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that the downlink control channels are of a sufficient qual-
ity (e.g., above a threshold quality).
[0191] The MAC entity may start the second timer as-
sociated with the second value (e.g., the value indicating
the duration of time after which the BFR procedure may
be triggered), for example, after or in response to receiv-
ing a first beam failure indication from the physical layer
of the wireless device. The MAC entity may restart the
second timer, for example, after or in response to receiv-
ing a second beam non-failure indication from the phys-
ical layer of the wireless device. The MAC entity may not
trigger the BFR procedure, for example, if the second
timer expires and the instance counter indicates a value
smaller than the first value (e.g., the number of beam
failure instances that may trigger the BFR procedure).
The MAC entity may reset the instant counter (e.g., reset
the instance counter to zero), for example, if the second
timer expires and/or the instance counter indicates a val-
ue smaller than the first value (e.g., the number of beam
failure instances that may trigger the BFR procedure).
The MAC entity may also reset the second timer, for ex-
ample, if the second timer expires and/or the instance
counter indicates a value smaller than the first value (e.g.,
the number of beam failure instances that may trigger
the BFR procedure). The MAC entity may trigger a BFR
procedure, for example, if the instance counter indicates
a value equal to or greater than the first value (e.g., the
number of beam failure instances that may trigger the
BFR procedure). The MAC entity may also trigger a BFR
procedure, for example, if the MAC entity receives the
first value (e.g., the number of beam failure instances
that may trigger the BFR procedure) from the physical
layerBFR procedure.
[0192] BFR procedureThe MAC entity may perform at
least one of: resetting the instance counter (e.g., resetting
the instance counter to zero); resetting the second timer;
and/or indicating to the physical layer to stop beam failure
instance indication. The MAC entity may perform at least
one of said actions, for example, after or in response to
triggering the BFR procedure. The MAC entity may ig-
nore the periodic beam failure instance indication, for ex-
ample, after or in response to triggering the BFR proce-
dure.
[0193] The MAC entity may start the fifth timer associ-
ated with the fifth value (e.g., the value indicating the
duration of time after which the wireless device may de-
clare or indicate a BFR procedure failure), for example,
after or in response to triggering the BFR procedure. The
MAC entity may request the physical layer of the wireless
device to indicate a beam and/or the quality of the beam,
for example, after or in response to starting the fifth timer.
The physical layer of the wireless device may measure
at least one of the second set of RSs. The physical layer
of the wireless device may select a beam based on the
second threshold. The beam may be determined by a
CSI-RS resource index or a SS blocks index. The phys-
ical layer of the wireless device may select a beam, for
example, if the measured quality (e.g., RSRP or SINR)

of a RS associated with the beam is greater than the
second threshold. The physical layer of the wireless de-
vice may not necessarily indicate the beam to the MAC
entity periodically. Alternatively, the physical layer of the
wireless device may indicate the beam to the MAC entity,
for example, after or in response to receiving the request
from the MAC entity.
[0194] The physical layer of the wireless device may
indicate a beam to the MAC entity periodically, for exam-
ple, after or in response to indicating a beam failure in-
stance. The MAC entity may instruct the physical layer
of the wireless device to send (e.g. transmit) a BFRQ
signal promptly, since the MAC entity may have the beam
available, for example, after or in response to triggering
a BFR procedure.
[0195] The MAC entity may select a BFRQ signal
based on the beam (e.g., the beam indicated by the phys-
ical layer) and instruct the physical layer to send (e.g.,
transmit) the BFRQ signal to a base station, for example,
if the fifth timer is running. Additionally, or alternatively,
the MAC entity may select a BFRQ signal based on the
beam and instruct the physical layer to send (e.g., trans-
mit) the BFRQ signal to a base station, for example, after
or in response to receiving the indication of the beam
from the physical layer. The BFRQ signal may be a
PRACH preamble associated with the beam. The BFRQ
signal may be a PUCCH or SR signal associated with
the beam.
[0196] The wireless device may start monitoring a PD-
CCH for receiving a DCI, at least in the first coreset, after
a time period since sending (e.g., transmitting) the BFRQ
signal. The time period may be a fixed period (e.g., four
slots), or a value determined by a RRC message. The
wireless device may start the fourth timer with a fourth
value (e.g., the value indicating the duration of time during
which the wireless device may receive a response from
the base station), for example, after or in response to the
time period since sending (e.g., transmitting) the BFRQ
signal. The wireless device may monitor the PDCCH in
the first coreset, for example, if the fourth timer is running.
[0197] The wireless device may receive a DCI via the
PDCCH at least in the first coreset if the fourth timer is
running. The wireless device may consider the BFR pro-
cedure successfully completed in response to receiving
the DCI via the PDCCH at least in the first coreset, for
example, if the fourth timer is running. The wireless de-
vice may stop the fourth timer and/or stop the fifth timer,
for example, after or in response to the BFR procedure
being successfully completed. The wireless device may
keep monitoring the PDCCH in the first coreset until re-
ceiving an indication for QCL parameters of a second
PDCCH in a second coreset, for example, after or in re-
sponse to the BFR procedure is successfully completed.
[0198] The wireless device may set a BFRQ transmis-
sion counter to a value (e.g., set the BFRQ counter to
one, or any other value) in response to the fourth timer
expiring. The wireless device may perform one or more
actions comprising at least one of: sending (e.g., trans-
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mitting) the BFRQ signal; starting the fourth timer; mon-
itoring the PDCCH; and/or incrementing the BFRQ trans-
mission counter (e.g., incrementing the BFRQ transmis-
sion counter by one). The wireless device may perform
the one or more actions, for example, after or in response
to the fourth timer expiring. The wireless device may re-
peat the one or more actions, for example, until the BFR
procedure is successfully completed or the fifth timer ex-
pires. The wireless device may determine (or indicate)
the BFR procedure failure, for example, after or in re-
sponse to the fifth timer expiring.
[0199] In existing BFR procedures, a wireless device
may perform a BFR procedure on an SpCell (e.g., a PCell
or a PSCell). A base station may send (e.g., transmit),
to a wireless device, one or more messages comprising
configuration parameters of one or more cells. The one
or more cells may comprise at least a PCell (e.g., primary
cell) or a PSCell, and one or more SCells (e.g., secondary
cells). An SpCell (e.g., a PCell or a PSCell) and one or
more secondary cells may operate on different frequen-
cies and/or different bands. A secondary cell may support
a multi-beam operation. In the multi-beam operation, a
wireless device may perform one or more beam man-
agement procedures (e.g., a BFR procedure) on the sec-
ondary cell. The wireless device may perform a BFR pro-
cedure, for example, if at least one beam pair link of one
or more beam pair links between the secondary cell and
the wireless device fails. Existing BFR procedures may
result in inefficiencies, for example, if there is a beam
failure for one secondary cell of the one or more second-
ary cells. Accordingly, existing BFR procedures may be
inefficient, take a long time, or increase battery power
consumption. The enhanced BFR procedures described
herein decrease the number of time-frequency resources
configured for the BFR procedure of secondary cells,
thereby increase the resource overhead efficiency of the
BFR procedure. Moreover, the enhanced BFR proce-
dures described herein share a dedicated coreset for
BFR procedures of multiple cells (e.g., primary and/or
secondary cells), such that the wireless device monitors
fewer coresets, thereby increasing the efficiency of bat-
tery/power consumption as the wireless device monitors
coresets.
[0200] Examples described herein enhance existing
BFR procedures to improve downlink radio efficiency and
to reduce uplink signaling overhead, for example, if there
is a beam failure for one or more secondary cells. An
enhanced process described herein uses a first cell con-
trol channel resource, for example, if a beam failure for
a secondary cell occurs. Downlink signaling processes
may be enhanced for recovery of a beam failure for a
secondary cell. Uplink signaling may be enhanced for
recovery of a beam failure for a secondary cell. Beam
failure recovery procedures may be suitable for second-
ary cells, as secondary cells may operate on higher fre-
quencies than primary cells (e.g., PCells) to increase da-
ta rates. Primary cells may operate on lower frequencies
to increase the robustness of data transfers. Accordingly,

improving BFR procedures for use with secondary cells
would be beneficial.
[0201] Examples described herein provide processes
for a wireless device and a base station to enhance a
BFR procedure for a secondary cell (e.g., SCell). Exam-
ples described herein may enhance efficiency of a BFR
procedure, for example, if a wireless device receives a
DCI in a second coreset on an SCell. The wireless device
may monitor at least a PDCCH in the second coreset on
the SCell for the DCI with a cyclic redundancy check
(CRC) scrambled by a C-RNTI. The BFR procedure may
be successfully completed, for example, after or in re-
sponse to the wireless device receiving a downlink as-
signment or an uplink grant, on the PDCCH of the sec-
ondary cell, addressed to the C-RNTI. Examples de-
scribed herein may reduce a duration of the BFR proce-
dure and may reduce battery power consumption, there-
by providing increased efficiencies in the event of a beam
failure.
[0202] A wireless device may not send (e.g., transmit)
an uplink signal (e.g., a preamble) for a BFR procedure,
for example, if a beam failure occurs on the SCell. Addi-
tionally, or alternatively, the wireless device may not send
(e.g., transmit) the uplink signal for the BFR procedure,
for example, if the wireless device is configured with an
SCell, which may comprise downlink-only resources.
The wireless device may not perform the BFR procedure
on the SCell. Also, a base station may not be aware of
the beam failure on the SCell. BFR procedures may be
enhanced, for example, if an SCell comprises downlink-
only resources.
[0203] An SCell may operate in a high frequency (e.g.,
23 GHz, 60 GHz, 70 GHz, or any other frequency). In an
example, an SpCell may operate in a low frequency (e.g.,
2.4 GHz, 5 GHz, or any other frequency). The channel
condition of the SCell may be different from the channel
condition of the SpCell. The wireless device may use
uplink resources of the SpCell to send (e.g., transmit) a
preamble for a beam failure recovery request for the
SCell, for example, to improve robustness of transmis-
sion of the preamble. BFR procedures may be enhanced,
for example, if an Scell operates in a different frequency
than PCell.
[0204] A base station may configure a wireless device
with one or more bandwidth parts (BWPs) to achieve a
bandwidth adaptation (BA). A base station may indicate,
to a wireless device, which of the one or more BWPs
(e.g., configured BWPs) is an active BWP. A wireless
device may perform one or more beam management pro-
cedures (e.g., a BFR procedure) on the active BWP. The
wireless device may perform a BFR procedure, for ex-
ample, if at least one beam pair link of one or more beam
pair links between the active BWP and the wireless de-
vice fails. Existing BFR procedures may also be en-
hanced to improve downlink radio efficiency and reduce
uplink signaling overhead, for example, if bandwidth
parts are configured for a cell.
[0205] A wireless device may initiate a BFR procedure
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on the active BWP, for example, if the wireless device
detects a beam failure on the active BWP. The active
BWP may comprise an active UL BWP and/or an active
DL BWP, for example, an active UL BWP and/or an active
DL BWP configured by a higher layer parameter (e.g., a
RRC). The wireless device may switch to an initial BWP
configured by a higher layer parameter (e.g., a RRC), for
example, if the wireless device is not configured with at
least a PRACH resource for the active UL BWP. The
initial BWP may comprise an initial DL BWP and/or an
initial UL BWP. The wireless device may initiate a BFR
procedure on the initial BWP, for example, after or in
response to the switching. The wireless device may use
uplink resources of the initial BWP (e.g., UL BWP) to
send (e.g., transmit) a preamble for a beam failure re-
covery request for the active BWP.
[0206] As described above, a BFR procedure may
comprise the wireless device transmitting a preamble,
for example, in response to identifying a candidate beam.
Additionally, the BFR procedure may comprise the wire-
less device receiving, from a base station, a BFR re-
sponse, for example, via a dedicated coreset that is con-
figured for the BFR procedure. A secondary cell may
comprise both an uplink channel and a downlink channel
for transferring data, or may comprise only a downlink
channel for data transfer. A BFR procedure may be sup-
ported for both types of secondary cells and, for example,
under four different examples. The first example is the
wireless device transmitting the preamble via the primary
cell and receiving the BFR response via the primary cell.
The second example is the wireless device transmitting
the preamble via the primary cell and receiving the BFR
response via the secondary cell. The third example is the
wireless device transmitting the preamble via the sec-
ondary cell and receiving the BFR response via the pri-
mary cell. The fourth example is the wireless device
transmitting the preamble via the secondary cell and re-
ceiving the BFR response via the secondary cell. As de-
scribed above, the BFR procedure may be supported for
a secondary cell having downlink only capabilities, for
example, if the secondary cell does not have an uplink
channel for preamble transmission (e.g., the third and
fourth examples).
[0207] FIG. 22A and FIG. 22B show example diagrams
for beam failure recovery procedures for a second (or
secondary) cell. FIG. 22A shows a beam failure recovery
procedure where preamble transmission and BFRQ re-
sponse are performed via a first (or primary) cell, for ex-
ample, as described above concerning the first example.
In FIG. 22A, a base station sends (e.g., transmits) to a
wireless device (e.g., a wireless device 2201), one or
more messages comprising a first set of RS resource
configurations for a second cell (e.g., a second cell 2203).
The first set of RS resource configurations may comprise
one or more first RSs (e.g., a CSI-RS or SS blocks) of
the second cell 2203 (e.g., the Second RS 1 and the
Second RS 2 shown in FIG. 22A). The one or more mes-
sages may further comprise a second set of RS resource

configurations comprising one or more second RSs (e.g.,
a CSI-RS or SS blocks) of the second cell 2203 (e.g., the
First RS 1 and the First RS 2 shown in FIG. 22A). The
wireless device may measure radio link quality of one or
more beams associated with the one or more first RSs
and/or the one or more second RSs. The one or more
messages may further comprise one or more BFRQ re-
sources (e.g., the BFRQ resource shown in FIG. 22A)
on a first cell (e.g., a first cell 2205). The one or more
messages may further comprise an association between
each of the one or more second RSs and each of the one
or more BFRQ resources (e.g., the association between
First RS 1 and BFRQ resource shown in FIG. 22A).
[0208] As shown in FIG. 22A, the wireless device 2201
may assess (or compare) a first radio link quality (e.g., a
BLER, L1-RSRP) of the one or more first RSs against a
first threshold. The first threshold (e.g., a BLER, L1-
RSRP) may be a first value provided by a higher layer
parameter (e.g., a RRC, a MAC). The wireless device
2201 may monitor a PDCCH of the second cell 2203. At
least a RS (e.g., a DM-RS) of the PDCCH may be asso-
ciated with (e.g., QCLed with) the one or more first RSs.
[0209] A base station may send (e.g., transmit) one or
more messages comprising configuration parameters of
a beam failure recovery procedure (e.g., the RRC con-
figuration for the BFR procedure shown in FIG. 22A). As
shown in FIG. 22A, the wireless device 2201 may detect
a beam failure on the second cell (e.g., the SCell 2203),
for example, if the first radio link quality of the one or
more first RSs meets certain criteria. A beam failure may
occur, for example, if the RSRP or SINR of the one or
more first RSs is lower than the first threshold and/or if
the BLER is higher than a second threshold. The first
threshold and the second threshold may be the same
value. The assessment may be for a consecutive number
of times with a value provided by a higher layer parameter
(e.g., the RRC, MAC).
[0210] The wireless device 2201 may initiate a candi-
date beam identification procedure on the second cell
2203, for example, after or in response to detecting the
beam failure on the second cell 2203. For the candidate
beam identification procedure, the wireless device may
identify a first RS (e.g., the First RS 1 shown in FIG. 22A)
among the one of the one or more second RSs. The first
RS may be associated with a BFRQ resource (e.g., the
BFRQ resource shown in FIG. 22A) of the one or more
BFRQ resources on the first cell 2205. The BFRQ re-
source may comprise a preamble and a PRACH resource
(e.g., a time and frequency resource). A second radio
link quality (e.g., BLER, L1-RSRP) of the first RS may be
better than a second threshold, for example, the second
radio link quality of the first RS may have a lower BLER,
a higher L1-RSRP, and/or a higher SINR than the second
threshold. The second threshold may be a second value
provided by the higher layer parameter (e.g., a RRC, a
MAC).
[0211] The wireless device may send (e.g., transmit),
in a first slot, the preamble via the PRACH resource (e.g.,

63 64 



EP 3 525 516 A1

34

5

10

15

20

25

30

35

40

45

50

55

the BFRQ resource) on the first cell (e.g., the PCell 2205)
for a BFR procedure of the second cell 2203, for example,
after or in response to detecting the beam failure on the
second cell 2203 and identifying the first RS of the second
cell 2203. The wireless device 2201 may start, from a
second slot, monitoring at least a first PDCCH in one or
more first coresets on the first cell 2205 for a DCI within
a response window, for example, after or in response to
sending (e.g., transmitting) the preamble in the first slot.
The DCI may be configured with a cyclic redundancy
check (CRC) scrambled by a C-RNTI.
[0212] The BFR procedure may be successfully com-
pleted, for example, after or in response to receiving,
within the configured response window, a downlink as-
signment or an uplink grant on the first PDCCH of the
first cell 2205 in one or more coresets on the first cell
2205. The downlink assignment or the uplink grant may
be received at the wireless device 2201 as shown by the
BFRQ response in FIG. 22B. The downlink assignment
or the uplink grant may be addressed to the C-RNTI. The
wireless device 2201 may detect the beam failure caused
by a fading dip (e.g., deep fading) on the second cell
(e.g., the SCell 2203). Control channels of the second
cell 2203 may improve, for example, during the BFR pro-
cedure. The one or more first RSs of the second cell 2203
may recover (e.g., recover from the fading dip). The wire-
less device 2201 may monitor control channels of the
first cell 2205 and/or the control channels of the second
cell 2203. The wireless device 2201 may monitor at least
a second PDCCH in one or more second coresets of the
second cell 2203 for a DCI. The DCI may be configured
with the CRC scrambled by the C-RNTI. The BFR pro-
cedure may be successfully completed, for example, af-
ter or in response to receiving a second downlink assign-
ment or a second uplink grant, addressed to the C-RNTI,
on the second PDCCH in one or more second coresets
on the second cell 2203. The one or more second core-
sets may be coresets where the wireless device may
monitor the second PDCCH before the BFR procedure
is triggered. Completing the BFR procedure based on
the receiving the second downlink assignment or the sec-
ond uplink grant may reduce a duration of the BFR pro-
cedure and may reduce battery power consumption.
[0213] FIG. 23 shows an example of aborting a beam
failure recovery procedure on a secondary cell. As shown
at time T0 in FIG. 23, the wireless device (e.g., the wire-
less device 2201) may receive, from a base station, one
or more RRC messages comprising one or more config-
uration parameters of the BFR procedure. The wireless
device may detect the beam failure on a second cell (e.g.,
the second cell 2203) at time T1. The wireless device
may detect a beam failure on a downlink control channel
by determining that the black error rate (BLER) of the
downlink control channel (e.g., beam pair link) is higher
than a threshold value. The wireless device may initiate
a candidate beam identification procedure on the second
cell, for example, after or in response to detecting the
beam failure on the second cell. For the candidate beam

identification procedure, the wireless device may identify
the first RS of the second cell at time T2, as shown in
FIG. 23. The wireless device may send (e.g., transmit) a
preamble via a PRACH resource on the first cell (e.g.,
the first cell 2205) at time T3, for example, after or in
response to detecting the beam failure on the second
cell (e.g., the second cell 2203) and identifying the first
RS of the second cell. The wireless device may start mon-
itoring, within a configured (or determined) response win-
dow, the first PDCCH in one or more first coresets on the
first cell for a DCI with the CRC scrambled by a C-RNTI,
for example, after or in response to sending (e.g., trans-
mitting) the preamble. The wireless device may receive,
at time T4, a first cell response comprising a downlink
assignment or an uplink grant, addressed to the C-RNTI,
on the first PDCCH of the first cell in one or more first
coresets on the first cell. BFR procedureThe one or more
first RSs of the second cell (e.g., the second cell 2203)
may recover (e.g., recover from the fading dip), for ex-
ample, during the BFR procedure. As shown in FIG 23,
the one or more first RSs of the second cell may recover
(e.g., recover from the fading dip), for example, between
time T1 and time T4. BFR procedureA blockage between
the second cell (e.g., the second cell 2203) and the wire-
less device (e.g., the wireless device 2201) causing the
beam failure may disappear or be removed, for example,
during the BFR procedure (e.g., between time T1 and
time T4 as shown in FIG. 23). If such blockage is removed,
the BLER of the downlink control channel would no longer
be above a threshold for detecting the beam failure, for
example the first threshold. BFR procedureThe BFR pro-
cedure may be successfully completed, for example, af-
ter or in response to receiving a downlink assignment or
an uplink grant, addressed to the C-RNTI in (e.g., during)
the BFR procedure (e.g., between T1 and T4 as shown
in FIG. 23), on the second PDCCH of the second cell
(e.g., the second cell 2203) in one or more second core-
sets on the second cell.
[0214] The wireless device may monitor a first down-
link control channel (or a first coreset) and a second
downlink control channel (or a second coreset) on a sec-
ond cell (e.g., the second cell 2203), for example, under
transmission and reception procedures. At T0, the wire-
less device may detect a beam failure on the first down-
link control channel and second downlink control chan-
nel. The wireless device may initiate a BFR procedure
for the second cell, for example, after or in response to
detecting the beam failure. In (e.g., during) the BFR pro-
cedure (e.g., between T1 and T4 as shown in FIG. 23),
the wireless device may monitor a dedicated coreset
(configured for the BFR procedure) on the first cell or on
the second cell. The wireless device may monitor the
dedicated coreset for a BFR response. As described
above, in (e.g., during) the BFR procedure and prior to
receiving a downlink control information (DCI) or BFR
response, the first downlink control channel and/or the
second downlink control channel may recover, for exam-
ple, the BFR procedure may be initiated due to a sudden
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drop in signal quality caused by signal blockage and then
may recover after the blockage disappears or is removed.
If the wireless device receives a downlink control infor-
mation (DCI) in the first downlink control channel and/or
the second downlink control channel of the second cell
(e.g., the second cell 2203), the wireless device may
abort or stop the BFR procedure for the second cell, for
example, if the first downlink control channel and/or the
second downlink control channel, for which the wireless
device initiated the BFR procedure, begin to function
again (e.g., the signal blockage disappears/dissipates).
[0215] The wireless device may deactivate a second-
ary cell, for example, by configuring the secondary cell
with an SCell deactivation timer. The secondary cell may
remain active, for example, if the SCell deactivation timer
of that secondary cell is still running, and the secondary
cell may deactivate, for example, if the SCell deactivation
timer expires. The base station may deactivate a sec-
ondary cell by transmitting, to the wireless device, a MAC
CE requesting the deactivation of the secondary SCell.
The wireless device may deactivate the SCell, for exam-
ple, after or in response to receiving the MAC CE.
[0216] The wireless device may transmit a preamble
on the uplink channels of the secondary cell and receive
the random access response on the primary cell, for ex-
ample, if the wireless device is initiating a random access
procedure for the secondary cell. Since the preamble
transmission is performed on the uplink channel of the
secondary cell, the wireless device may have to stop the
random access procedure, for example, if the secondary
cell is deactivated in (e.g., during) the random access
procedure, given that the wireless device would be una-
ble to transmit an uplink signal via a deactivated second-
ary cell.
[0217] The wireless device may send (e.g., transmit),
via the primary cell, the preamble for the BFR procedure.
The wireless device may monitor on the primary cell for
the BFR procedure. The random access procedure for
the BFR of the secondary cell may not be affected by a
secondary cell being deactivated, for example, because
the preamble transmission and the BFR response mon-
itoring are performed, by the wireless device, on the pri-
mary cell. Some BFR procedures may require stopping
the ongoing random access procedure if the secondary
cell is deactivated, for example, if the preamble trans-
mission would be performed by the wireless device on
the secondary cell. An improved BFR procedure de-
scribed herein provides the wireless device an option of
stopping the random access procedure for the BFR pro-
cedure of the secondary cell or continuing the random
access procedure for the beam failure recovery.
[0218] FIG. 24A and FIG. 24B show examples of sec-
ondary cell deactivation and aborting random access pro-
cedures for a BFR procedure. As shown at time T0 in
FIG. 24A and 24B, the wireless device (e.g., the wireless
device 2201) may receive from a base station, one or
more RRC messages comprising one or more configu-
ration parameters of the BFR procedure. The one or more

configuration parameters may comprise BFR parame-
ters and an SCell deactivation timer. The wireless device
may detect a beam failure on the second cell (e.g., the
second cell 2203) at time T1, as shown in FIG. 24A and
24B. At time T2, as shown in FIG. 24A, the wireless device
may initiate a candidate beam identification procedure
on the second cell, for example, after or in response to
the detecting the beam failure on the second cell. For the
candidate beam identification procedure, the wireless
device may identify the first RS of the second cell. At time
T3, as shown in FIG. 24A, the wireless device may send
(e.g., transmit) the preamble via a PRACH resource on
the first cell, for example, after or in response to detecting
the beam failure on the second cell and identifying the
first RS of the second cell. The wireless device may start
monitoring, within a configured response window, a first
PDCCH in one or more first coresets on the first cell (e.g.,
the first cell 2205) for a DCI, which may be configured
with a cyclic redundancy check (CRC) scrambled by a
C-RNTI. The wireless device may receive, at time T4, a
first cell response comprising a downlink assignment or
an uplink grant, addressed to the C-RNTI, on the first
PDCCH of the first cell in one or more first coresets on
the first cell. As shown in FIG. 24B, at time T2, the wireless
device may send (e.g., transmit) the preamble for the
BFR procedure, for example, via a PRACH resource on
the first cell. The wireless device may send the preamble
for the BFR procedure, for example, after or in response
to detecting the beam failure on the second cell and iden-
tifying the first RS of the second cell.
[0219] As shown in FIG. 24A, the wireless device may
deactivate the second cell, for example, at (e.g., during)
a time period between the sending (e.g., transmitting) of
the preamble and the receiving of the first cell response
(e.g., between T3 and T4). As shown in FIG. 24B, the
wireless device may deactivate the second cell, for ex-
ample, at (e.g., during) a time period between initiating
the BFR procedure for the secondary cell and the receiv-
ing of the BFR response (e.g., between T1 and T4). The
wireless device may deactivate the second cell, for ex-
ample, after or in response to receiving an SCell Activa-
tion/Deactivation MAC CE. The SCell Activation/Deacti-
vation MAC CE may be received, for example, on the
first cell (e.g., the first cell 2205). The base station may
send (e.g., transmit), to the wireless device, one or more
messages comprising a time, for example, an sCellDe-
activationTimer timer. The wireless device may deacti-
vate the second cell, for example, after or in response to
an expiry of the sCellDeactivationTimer timer. The wire-
less device may not perform one or more operations com-
prising sending (e.g., transmitting) a SRS on the second
cell; reporting a CQI, a PMI, a RI, or a CRI for the second
cell on the first cell; sending (e.g., transmitting) an UL-
SCH on the second cell; sending (e.g., transmitting) a
RACH on the second cell; monitoring at least a third PD-
CCH on the second cell; monitoring at least a fourth PD-
CCH for the second cell on the first cell; or sending (e.g.,
transmitting) a PUCCH on the second cell. The wireless
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device may not perform the one or more operations, for
example, in response to the deactivating the second cell
(e.g., the second cell 2203). The wireless device may
further not perform sending (e.g., transmitting) a RACH,
via the first cell, for the BFR procedure for the second
cell. The wireless device may stop sending (e.g., trans-
mitting) uplink signals, such as the preamble, for the BFR
procedure of the second cell on the first cell, for example,
if the second cell has an ongoing BFR procedure on the
first cell.
[0220] A wireless device (e.g., the wireless device
2201) may start a random access procedure (RACH) for
a BFR procedure of the second cell on the first cell. BFR
procedureThe wireless device may abort the random ac-
cess procedure for the BFR procedure of the second cell
on the first cell, for example, if the wireless device deac-
tivates the second cell in (e.g., during) the BFR procedure
of the second cell.
[0221] In the event that the base station desires to
serve the wireless device with a secondary cell, the base
station may continue to transmit a DCI indicating an up-
link grant and/or a downlink assignment on the secondary
cell. The DCI transmitted by the base station restarts the
SCell deactivation timer to ensure that the secondary cell
is not deactivated, for example, if the base station desires
to use the secondary cell to serve the wireless device.
The wireless device may not receive, from the base sta-
tion, the DCI restarting the SCell deactivation timer, for
example, if there is a beam failure on the secondary cell.
The wireless device may not receive the DCI, for exam-
ple, because the downlink control channels of the sec-
ondary cell may fail with (e.g., during) the beam failure.
The SCell deactivation timer may expire before the base
station expects it to do so, for example, after or in re-
sponse to not restarting the SCell deactivation timer. The
base station may attempt to reactivate the secondary cell,
for example if the secondary cell is deactivated, by send-
ing a MAC-CE reactivating the secondary cell. Before
the base station may transmit the MAC-CE to reactivate
the secondary cell, the base station may attempt to en-
sure that there is no beam failure associated with the
secondary cell. Accordingly, the base station may at-
tempt to first complete the ongoing BFR procedure and
after or in response to the successful completion of the
BFR procedure, the base station may attempt to reacti-
vate the secondary cell such that if the secondary cell is
reactivated, the secondary cell may operate with func-
tioning downlink control channels. To that end, the wire-
less device may not abort an ongoing random access
procedure of the secondary cell, for example, if the sec-
ondary cell is deactivated. The wireless device may con-
tinue with the BFR procedure and, if the BFR procedure
is successfully completed, the base station may reacti-
vate the secondary cell.
[0222] As described above concerning FIGS. 24A &
24B and in more detail below concerning FIG. 25, for the
improved BFR procedure(s) described herein, the wire-
less device may abort the BFR procedure of the second-

ary cell, for example, if the secondary cell is deactivated
(e.g., via an SCell deactivation timer or MAC CE). The
wireless device may stop or abort the sending (e.g., trans-
mission) of a preamble for the BFR procedure on the
primary cell (e.g., PCell). The wireless device may abort
or stop the BFR procedure, for example, because the
base station may no longer want to serve the wireless
device with the secondary cell.
[0223] The wireless device may continue retransmit-
ting the preamble for the BFR procedure, for example, if
the wireless device does not stop or abort the BFR pro-
cedure. The base station may not want or attempt to re-
cover the secondary cell, for example, because the base
station may have already terminated attempts at recov-
ering the secondary cell and/or assigned a different sec-
ondary cell for the wireless device. By continuing to send
(e.g., transmit), to the base station, the preamble for the
secondary cell, which the base station may not want to
recover, the wireless device may waste resources and
increase interference to other wireless devices. Moreo-
ver, the wireless device may monitor the dedicated core-
set for a BFR response from the base station, for exam-
ple, if the wireless device continues sending (e.g., trans-
mitting) preambles for the BFR procedure. Given that the
base station may not likely send (e.g., transmit) the BFR
response if the base station may not want to recover the
secondary cell, the wireless device may continue to
needlessly monitor the coreset for the BFR response. By
monitoring the dedicated coreset for the BFR response,
the wireless device increases its power consumption.
The wireless device may not determine the intention of
the base station whether to keep the secondary cell ac-
tivated or deactivated. Accordingly, the improved BFR
procedures described herein provide the wireless device
an option to stop or abort an ongoing BFR procedure, for
example, if the secondary cell is deactivated, thereby re-
ducing power consumption.
[0224] FIG. 25 shows a diagram of example BFR pro-
cedures for deactivating a secondary cell and continuing
and/or aborting a BFR procedure. At step 2501, a wire-
less device (e.g., the wireless device 2201) may receive,
from a base station, one or more messages comprising
one or more configuration parameters (e.g., RRC con-
figuration parameters) of a first cell (e.g., the first cell
2205) and a second cell (e.g., the second cell 2203). The
one or more configuration parameters may indicate one
or more beam failure recovery request (BFRQ) resources
on the first cell, one or more first reference signals (RSs)
of the second cell, one or more second RSs of the second
cell, and/or an association between each of the one or
more first RSs and each of the one or more BFRQ re-
sources. The one or more first RSs may comprise one
or more first CSI-RSs and/or one or more first SS blocks.
The one or more second RSs may comprise one or more
second CSI-RSs and/or one or more second SS blocks.
The PRACH resource may comprise one or more time
resources and/or one or more frequency resources. At
step 2503, the wireless device may activate the second-
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ary cell (e.g., the second cell 2203), for example, after or
in response to receiving a first medium-access control
element (MAC CE) activating the secondary cell. The
wireless device may start a deactivation timer, for exam-
ple, in response to receiving the first MAC CE for acti-
vating the secondary cell.
[0225] At step 2505, the wireless device (e.g., the wire-
less device 2201) may detect a beam failure on the sec-
ond cell (e.g., second cell 2203). The wireless device
may initiate a BFR procedure, for example, after or in
response to detecting a beam failure based on the one
or more second RSs. The detecting the beam failure may
comprise assessing (or comparing) one or more downlink
control channels associated with the one or more second
RSs having a radio quality lower than a first threshold
value. The first threshold may be based on a first received
signal strength (e.g., BLER and/or RSRP). The wireless
device may select a selected candidate beam associated
with a selected RS in the one or more first RSs. The
selected RS may be associated with one of the one or
more first RSs having a radio quality higher than a second
threshold value. The second threshold value may be
based on a second received signal strength, for example
a BLER and/or a RSRP.
[0226] The selected RS may be associated with a
BFRQ resource of the one or more BFRQ resources. The
BFRQ resource may comprise a preamble and a PRACH
resource. The wireless device (e.g., the wireless device
2201) may send (e.g., transmit) the preamble via the
PRACH resource. The wireless device may monitor, for
a DCI, a PDCCH of the second cell (e.g., the second cell
2203). The wireless device may complete the BFR pro-
cedure, for example, after or in response to receiving the
DCI. The monitoring of the PDCCH may comprise
searching for the DCI addressed for a C-RNTI in the PD-
CCH. The DCI may comprise a downlink assignment
and/or an uplink grant.
[0227] At step 2507, the wireless device may deter-
mine whether the secondary cell is deactivated in (e.g.,
during) the BFR procedure. The wireless device may de-
activate the secondary cell, for example, after sending
the preamble and prior to receiving the primary cell re-
sponse. The wireless device may deactivate the second-
ary cell, for example, after or in response to receiving a
MAC CE for deactivating the secondary cell (e.g., an
SCell Activation/Deactivation MAC CE). The wireless de-
vice may deactivate the secondary cell, for example, after
or in response to the wireless device determining an ex-
piry of the deactivation timer of the secondary cell (e.g.,
determining an expiry of an sCellDeactivationTimer tim-
er). The wireless device may continue the BFR proce-
dure, for example, after or in response to the wireless
device determining that the secondary cell has not been
deactivated in (e.g., during) the BFR procedure. At step
2511, the wireless device may abort the random access
procedure (for the BFR procedure of the secondary cell)
on the primary cell, for example, after or in response to
deactivating the secondary cell (e.g., during the BFR pro-

cedure of the secondary cell). The wireless device may
abort the random access procedure by stopping the
sending (e.g., transmitting) of the preamble on the pri-
mary cell. At step 2511, the wireless device may abort
the BFR procedure of the secondary cell, for example,
after or in response to deactivating the secondary cell.
The wireless device may abort the BFR procedure by
stopping the sending (e.g., transmitting) of the preamble
on the primary cell.
[0228] A wireless device may receive, from a base sta-
tion, one or more messages (e.g., RRC messages) com-
prising one or more configuration parameters of a BFR
procedure. The wireless device may receive, from the
base station, one or more configuration parameters of a
primary cell and a secondary cell. The one or more con-
figurations parameters of the primary cell and the sec-
ondary cell may indicate a coreset (configured) on the
primary cell for beam failure recovery of the primary cell
and/or the secondary cell. The one or more configuration
parameters may indicate one or more beam failure re-
covery request (BFRQ) resources on the primary cell,
one or more first reference signals (RSs) of the secondary
cell, a third RS of the primary cell, a fourth RS of the
primary cell, one or more second RSs of the secondary
cell, and/or an association between each of the one or
more first RSs and each of the one or more BFRQ re-
sources.
[0229] The wireless device may initiate a first beam
failure recovery procedure, for example, after or in re-
sponse to detecting a beam failure of the secondary cell.
The first beam failure recovery procedure may relate to
the wireless device sending (e.g., transmitting) a pream-
ble. The wireless device may identify a first RS of the
secondary cell. The first RS may be associated with a
BFRQ resource on the primary cell. The BFRQ resource
may comprise a preamble and a PRACH resource, for
example a time resource and/or a frequency resource.
The wireless device may send (e.g., transmit) a preamble
via the PRACH resource on the primary cell (for a BFR
procedure of the secondary cell), for example, in re-
sponse to detecting the beam failure on the secondary
cell and identifying a first RS of the secondary cell. The
wireless device may detect a beam failure on the sec-
ondary cell, for example, if a first radio link quality of the
one or more first RSs meets certain criteria.
[0230] The wireless device may monitor a first coreset
for a first downlink control information (DCI). The first DCI
may comprise a first resource grant for the primary cell.
The wireless device may monitor a first control resource
set (coreset) of the primary cell to monitor a first beam
failure recovery response associated with the primary
cell. Additionally, or alternatively, the wireless device may
monitor the first coreset of the primary cell to monitor a
second beam failure recovery response associated with
the secondary cell. The wireless device may start mon-
itoring, within a first response window, a PDCCH in one
or more coresets on the primary cell for a DCI, for exam-
ple, after or in response to sending (e.g., transmitting)
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the preamble. The DCI may be configured with a cyclic
redundancy check (CRC) scrambled by a C-RNTI. The
wireless device may monitor the PDCCH of the first cell
according to an antenna port associated with a third RS
of the primary cell, for example, the antenna port may be
associated with (e.g., QCLed with) the third RS of the
primary cell. The wireless device may select the third RS
based on a timing of the sending (e.g., transmitting) the
preamble. The wireless device may start, monitoring,
from a second slot and within a response window, a PD-
CCH in one or more coresets on the primary cell for a
DCI, for example, after or in response to transmitting the
preamble in the first slot. The wireless device may mon-
itor the one or more coresets for a beam failure recovery
response from the base station. The beam failure recov-
ery response may be associated with a beam failure on
the primary cell and/or may be associated with a beam
failure on one or more secondary cells. The wireless de-
vice may complete the first beam failure recovery proce-
dure, for example, after or in response to receiving the
first DCI. The wireless device may determine that the
BFR procedure is successfully completed, for example,
after or in response to receiving, within the response win-
dow, a downlink assignment or an uplink grant on the
first PDCCH of the primary cell.
[0231] The wireless device may initiate a second beam
failure recovery procedure, for example, after or in re-
sponse to detecting a second beam failure of the sec-
ondary cell. The second beam failure recovery procedure
may relate to the wireless device sending (e.g., transmit-
ting) a preamble. The wireless device may use (or initiate)
a second BFRQ transmission. The wireless device may
monitor the first coreset for a second DCI. The second
DCI may comprise a second resource grant for the sec-
ondary cell. The wireless device may monitor the PDCCH
of the primary cell according to an antenna port associ-
ated with (e.g., QCLed with) the Third RS 2. The wireless
device may receive a first DCI comprising a downlink
assignment or an uplink grant, addressed to the C-RNTI,
on the PDCCH of the primary cell. The wireless device
may monitor the first coreset of the primary cell to monitor
(or determine) a second beam failure recovery response
associated with the secondary cell. The wireless device
may complete the second beam failure recovery proce-
dure, for example, after or in response to receiving the
second DCI. The wireless device may determine the BFR
procedure is successfully completed, for example, after
or in response to receiving the first DCI.
[0232] In some BFR procedures on a primary cell, the
wireless device sends (e.g., transmits) a preamble via a
time-frequency resources associated with a candidate
RS, for example, if the wireless device identifies the can-
didate RS (or a candidate beam). The wireless device
may monitor a physical downlink control channel (PD-
CCH) in a dedicated coreset to identify a BFR response
(e.g., DCI), for example, after or in response to the send-
ing (e.g., transmitting) the preamble. A demodulation ref-
erence signal (DM-RS) of a channel (e.g., PUSHC, PD-

CCH, PDSCH) may be used to decode the channel. In
some BFR procedures, the DM-RS of the PDCCH in the
dedicated coreset may be quasi co-located (QCLed) with
the candidate RS (e.g., candidate beam), for example,
the base station may send (e.g., transmit) the DM-RS of
the PDCCH and the candidate RS with the same beam
from the same antenna port. By quasi co-locating the
DM-RS with the candidate RS, the DM-RS and the can-
didate RS may have the same or similar spatial proper-
ties. The wireless device may decode the PDCCH with
the candidate RS. The wireless device may also decode
the PDCCH with the assumption that the DM-RS of the
PDCCH is equal to (or the same as) the candidate RS.
[0233] During a BFR procedure for a secondary cell
(e.g., one of the first or third examples described above
where the BFR response is transmitted on the primary
cell), the wireless device may not monitor the PDCCH in
the dedicated coreset of the primary cell with the candi-
date RS. The wireless device may not monitor the PD-
CCH in the dedicated coreset of the primary cell with the
candidate RS, for example, because the candidate RS
may be located or configured on the secondary cell and
the dedicated coreset may be located or configured on
the primary cell. The wireless device may not monitor the
dedicated coreset on the primary cell with a beam (or
RS) configured on the secondary cell, for example, be-
cause the primary cell and the secondary cell may oper-
ate on different frequencies. For example, the primary
cell may operate in low frequencies, and the secondary
cell may operate in high frequencies. The candidate
beam (or candidate RS) determined for the secondary
cell may not be applicable for receiving a BFR response
via the PDCCH on the primary cell. As described below
in FIG. 26, this issue may be resolved by using a BFR
procedure for a secondary cell where the wireless device
may use or select a reference signal, rather than a can-
didate beam, configured on a primary cell to monitor the
BFR response on a dedicated coreset of the primary cell.
[0234] During a BFR procedure of a primary cell, a
wireless device may select a candidate reference signal
(RS) in response to detecting a beam failure for the pri-
mary cell and may transmit a preamble associated with
the candidate RS. The wireless device may monitor a
coreset on the primary cell using the candidate RS. In
the enhanced BFR procedures for a secondary cell de-
scribed herein (and described below concerning FIG.
26), the wireless device may select a candidate RS after
or in response to detecting a beam failure for the sec-
ondary cell. The wireless device may transmit a preamble
associated with the candidate RS. However, the coreset
may be located on the primary cell, while the candidate
RS is located on the secondary cell. Therefore, unlike
the primary cell case described above, the wireless de-
vice may not monitor the coreset on the primary cell with
the candidate RS on the secondary cell, as these cells
operate on different frequencies. Accordingly, the wire-
less device may select another RS configured on the
primary cell to monitor the coreset on the primary cell.
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[0235] FIG. 26 shows an example diagram of beam
failure recovery procedures for a secondary cell and se-
lecting a reference signal (RS). The BFR procedures
shown in FIG. 26 may be performed for a secondary cell.
The wireless device may use or select a reference signal
(RS) configured on a primary cell, instead of selecting a
candidate RS, to monitor the BFR response on the ded-
icated coreset of the primary cell. As shown in FIG. 26,
a base station sends (e.g., transmits) to a wireless device
(e.g., the wireless device 2601), one or more messages
comprising a first set of RS resource configurations for
a second cell (e.g. the second cell 2603). The first set of
RS resource configurations may comprise one or more
first RSs (e.g., a CSI-RS or SS blocks) of the second cell
2603, for example, the Second RS 1 and the Second RS
2 shown in FIG. 26. The one or more messages may
further comprise a second set of RS resource configura-
tions. The second set of RS resource configurations may
comprise one or more second RSs (e.g., a CSI-RS or SS
blocks) of the second cell 2603, for example, the First
RS 1 and the First RS 2 shown in FIG. 26. The wireless
device 2601 may measure radio link quality of one or
more beams associated with the one or more first RSs
and/or the one or more second RSs. The one or more
messages may further comprise one or more BFRQ re-
sources (e.g., the BFRQ resource shown in FIG. 26) on
a first cell 2605 (e.g. PCell). The one or more messages
may further comprise an association between each of
the one or more second RSs and each of the one or more
BFRQ resources, for example, an association between
the First RS 1 and the BFRQ resource shown in FIG. 26.
The one or more messages may comprise a third set of
RS resource configurations. The third set of RS resource
configurations may comprise one or more third RSs (e.g.,
a CSI-RS and/or SS blocks) of the first cell 2605, for
example, the Third RS 1 and the Third RS 2 shown in
FIG. 26).
[0236] The wireless device 2601 may assess (or com-
pare) a first radio link quality (e.g., a BLER or L1-RSRP)
of the one or more first RSs against a first threshold. The
first threshold (e.g., the BLER, L1-RSRP) may be a first
value provided by a higher layer parameter (e.g., a RRC,
a MAC). The wireless device 2601 may monitor a PDCCH
of the second cell 2603. A RS (e.g., a DM-RS) of the
PDCCH may be associated with the one or more first
RSs, for example, the PDCCH may be QCLed with the
one or more first RSs.
[0237] A base station may send (e.g., transmit), to the
wireless device, one or more messages comprising con-
figuration parameters of a beam failure recovery proce-
dure, for example, the RRC configuration for the BFR
procedure shown in FIG. 26. As shown in FIG. 26, the
wireless device 2601 may detect a beam failure on the
second cell (e.g., the SCell 2603), for example, if the first
radio link quality of the one or more first RSs meets certain
criteria. A beam failure may occur, for example, if the
RSRP or SINR of the one or more first RSs is lower than
the first threshold and/or the BLER is higher than a

threshold (e.g., the first threshold). The assessment may
be performed for a consecutive number of times. The
number of consecutive performances of the assessment
may be determined by a higher layer parameter (e.g., a
RRC, a MAC).
[0238] The wireless device 2601 may initiate a candi-
date beam identification procedure on the second cell
2603, for example, in response to detecting the beam
failure on the second cell. For the candidate beam iden-
tification procedure, the wireless device 2601 may iden-
tify a first RS (e.g., the First RS 1 shown in FIG. 26)
among a second RS of the one or more second RSs.
The first RS may be associated with a BFRQ resource
(e.g., the BFRQ resource shown in FIG. 26) of the one
or more BFRQ resources on the first cell 2605. The BFRQ
resource may comprise a preamble and a PRACH re-
source, for example a time resource and/or a frequency
resource. A second radio link quality (e.g., a BLER, a L1-
RSRP) of the first RS may be better than a second thresh-
old, for example, the second radio link quality of the first
RS may have a lower BLER, a higher L1-RSRP, or a
higher SINR than the second threshold. The second
threshold may comprise a second value provided by the
higher layer parameter (e.g., a RRC, a MAC).
[0239] The wireless device 2601 may send (e.g., trans-
mit), in a first slot, the preamble via the PRACH resource
(e.g., the BFRQ resource) on the first cell (e.g., the PCell
2605) for a BFR procedure of the second cell 2603, for
example, after or in response to detecting the beam fail-
ure on the second cell and identifying the first RS of the
second cell. The wireless device 2601 may start, from a
second slot, monitoring, within a response window, a PD-
CCH in one or more coresets on the first cell 2605 for a
DCI, for example, after or in response to sending (e.g.,
transmitting) the preamble in the first slot. The DCI may
be configured with a cyclic redundancy check (CRC)
scrambled by a C-RNTI.
[0240] A base station may send (e.g., transmit), to a
wireless device (e.g., the wireless device 2601), one or
more messages comprising configuration parameters of
one or more cells. The one or more cells may comprise
at least a PCell or a PSCell, and one or more SCells. The
one or more messages may further comprise one or more
control resource sets (coresets) on the PCell or PSCell.
The wireless device 2601 may monitor the one or more
control resource sets for a beam failure recovery re-
sponse from the base station. The beam failure recovery
response may be associated with a beam failure on the
PCell or the PSCell, and/or may be associated with a
beam failure on the one or more SCells. BFR proce-
dureThe one or more control resource sets may be used
to monitor the beam failure recovery response of the
beam failure on one of the PCell or the PSCell, or one of
the one or more SCells, for example, if the wireless device
2601 is configured to support a single BFR procedure.
BFR procedureOne or more second control resource
sets may be needed, for example, if the wireless device
2601 is configured to support one or more simultaneous

75 76 



EP 3 525 516 A1

40

5

10

15

20

25

30

35

40

45

50

55

BFR procedures. The one or more messages may further
comprise an association between each of the one or more
second control resource sets and each of the PCell or
the PSCell, and the one or more SCells. The base station
may send (e.g., transmit) a beam failure recovery re-
sponse on a first coreset resource of the one or more
second control resource sets. The base station may use
the first coreset resource for one of the PCell or the PS-
Cell, or one of the one or more SCells. The one more
second control resource sets may be used, by the wire-
less device 2601 and/or the base station, to differentiate
a cell associated with a beam failure. A first beam failure
and a second beam failure may occur on a PCell and a
SCell, respectively. The wireless device 2601 may mon-
itor a first control resource set of the PCell and a second
control resource set of the PCell to monitor a first beam
failure recovery response associated with the PCell. Ad-
ditionally, or alternatively, the wireless device 2601 may
monitor the first control resource set of the PCell and the
second control resource set of the PCell to monitor a
second beam failure recovery response associated with
the SCell.
[0241] A first accuracy of channel estimation via an RS
(e.g., a DM-RS) may be lower than a second accuracy
of channel estimation via a third RS (e.g., a CSI-RS). A
wireless device (e.g., the wireless device 2601) may im-
prove the first accuracy of channel estimation via the RS
(e.g., a DM-RS) based on information about radio chan-
nel characteristics acquired by channel estimation via
the third RS (e.g., a CSI-RS), for example, if the third RS
is associated with (e.g., QCLed with) the RS.
[0242] As shown in FIG. 26, a wireless device (e.g.,
the wireless device 2601) may monitor the PDCCH of
the first cell 2605 in the one or more first coresets ac-
cording to an antenna port associated with a third RS,
for example, an antenna port associated with (e.g.,
QCLed with) a third RS. The third RS, for example, the
Third RS 1 shown in FIG. 22, may be selected from the
one or more third RSs of the first cell 2605. A fourth RS
(e.g., a DM-RS) of the PDCCH, such as the Fourth RS
shown in FIG. 26, may be associated with the third RS,
for example, the fourth RS may be QCLed with the third
RS. A base station may send (e.g., transmit) an indication
of quasi co-location between antenna port(s) of the third
RS and the fourth RS.
[0243] A wireless device (e.g., the wireless device
2601) may determine that the BFR procedure is success-
fully completed, for example, after or in response to re-
ceiving, within the response window, a downlink assign-
ment or an uplink grant on the first PDCCH of the first
cell. The downlink assignment or the uplink grant may
be received at the wireless device 2601 as shown by the
BFRQ response in FIG. 26B. Additionally, or alternative-
ly, the downlink assignment or the uplink grant may be
addressed to a C-RNTI.
[0244] The candidate beam (or candidate RS) deter-
mined for the secondary cell may not be applicable (e.g.,
in some systems) for receiving the BFR response via the

PDCCH on the primary cell. This issue may be traversed
via the enhanced BFR procedures described herein by
ensuring that whichever RS (or beam) that the base sta-
tion may use for the primary cell (e.g., if the wireless
device monitors for the BFR response on the primary cell
or the wireless device sends the preamble for the BFR
procedure), the DM-RS of the PDCCH in the dedicated
coreset of the primary cell may be associated with (e.g.,
QCLed with) the RS (or beam) that the base station may
use for the primary cell. As shown in FIG. 27 and as
described in more detail below, for a first preamble trans-
mission, the base station may serve the primary cell with
a first RS (e.g., the Third RS-1 shown in FIG. 27), for
example, if the wireless device monitors for a BFR re-
sponse. The wireless device may decode the PDCCH in
the coreset, for example, with the assumption that the
DM-RS of the PDCCH is equal to or the same as the
Third RS-1. For the second preamble transmission, the
base station may serve the primary cell with a second
RS (e.g., the Third RS-2 shown in FIG. 27), for example,
if the wireless device monitors for a BFR response. The
wireless device may decode the PDCCH in the dedicated
coreset, for example, with the assumption that the DM-
RS of the PDCCH is equal to or the same as the Third
RS-2. Accordingly, the selected RS (e.g., the Third RS-
1 or the Third RS-2) may be based on a timing of the
preamble transmission (e.g., the first or second preamble
transmissions shown in FIG. 27).
[0245] FIG. 27 shows an example diagram of beam
failure recovery procedures and quasi co-locating (QCL)
a demodulated reference signal (DM-RS) with a RS for
the primary cell. At time T0, a wireless device (e.g., the
wireless device 2701) may receive, from a base station,
one or more RRC messages comprising one or more
configuration parameters of a BFR procedure. At time
T1, the wireless device (e.g., the wireless device 2701)
may detect a beam failure on a second cell . The wireless
device 2701 may initiate a candidate beam identification
procedure on the second cell, for example, after or in
response to the detecting the beam failure on the second
cell. For the candidate beam identification procedure, at
time T2, the wireless device 2601 may identify a first RS
of the second cell. At time T3, the wireless device 2701
may send (e.g., transmit) a preamble via a PRACH re-
source on the first cell 2705, for example, in response to
detecting the beam failure on the second cell and iden-
tifying the first RS of the second cell. The wireless device
2701 may start monitoring, within a first response win-
dow, a PDCCH in one or more coresets on the first cell
2705 for a DCI, for example, after or in response to send-
ing (e.g., transmitting) the preamble. The DCI may be
configured with a cyclic redundancy check (CRC) scram-
bled by a C-RNTI. The wireless device 2701 may monitor
the PDCCH according to an antenna port associated with
a third RS of the first cell 2705, for example, an antenna
port QCLed with the third RS of the first cell 2705. The
third RS may be selected among the one or more third
RSs of the first cell 2705. The third RS may be selected
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based on a timing of the sending (e.g., transmitting) of
the preamble, for example, the timing of the first BFRQ
transmission (T3) and the second BFRQ transmission
(T4).
[0246] The base station may use the one or more third
RSs in a time slot for control channels of the first cell
2705. The wireless device 2701 may identify the one or
more third RSs of the first cell 2705 in the time slot, for
example, using RRC configuration parameters and/or
MAC/PHY configuration parameters. The base station
may use the one or more third RSs (e.g., the Third RS 1
shown in FIG. 27) for the control channels, for example,
during the first response window. The wireless device
2701 may monitor a PDCCH of the first cell 2705 accord-
ing to an antenna port associated with (e.g., QCLed with)
the Third RS 1, for example, after or in response to the
base station using the Third RS 1 in (e.g., during) the first
response window. At time T4, the wireless device 2701
may use a second BFRQ transmission, for example, if
the wireless device does not receive a response from the
base station. The base station may use the one or more
third RSs (e.g., the Third RS 2 shown in FIG. 27) for the
control channels, for example, during a second response
window after the second BFRQ transmission. The wire-
less device 2701 may monitor the PDCCH of the first cell
2705 according to an antenna port associated with (e.g.,
QCLed with) the Third RS2. At time T5, the wireless de-
vice 2701 may use a third BFRQ transmission, for exam-
ple, if the wireless device does not receive a response
from the base station.The wireless device 2701 may re-
ceive a first DCI comprising a downlink assignment or an
uplink grant, addressed to the C-RNTI, on the PDCCH,
for example, in (e.g., during) a third response window
and/or after the third BFRQ transmission. The wireless
device 2701 may determine the BFR procedure is suc-
cessfully completed, for example, after or in response to
receiving the first DCI.
[0247] The wireless device may monitor a dedicated
coreset on the primary cell with a preconfigured RS. The
wireless device may decode the PDCCH in the dedicated
coreset with the assumption that the DM-RS of the PD-
CCH is equal to or the same as the configured RS (e.g.,
Third RS-1), for example, if the base station configures
the RS (e.g., the Third RS-1) for monitoring the dedicated
coreset.
[0248] FIG. 28 shows an examples of a wireless device
monitoring a primary cell control resource set (coreset)
via a preconfigured RS. The one or more third RSs may
be preconfigured. The third RS may be preconfigured by
a parameter, for example, a parameter in a MAC CE, a
parameter in a RRC message, a parameter in a DCI,
and/or a parameter in a combination of these signals. As
shown in FIG. 28, the wireless device (e.g., the wireless
device 2801) may be configured with a third RS, (e.g.,
the Third RS 1) to monitor a PDCCH of the first cell (e.g.,
the first cell 2805). The wireless device 2801 may mon-
itor, for example in (e.g., during) a response window, a
PDCCH of the first cell 2805 according to an antenna

port associated with (e.g., QCLed with) the Third RS 2.
The wireless device 2801 may skip PRACH opportunities
to send (e.g., transmit) a preamble associated with a BFR
procedure. The wireless device 2801 may not perform a
beam failure recovery request transmission, for example,
if the base station uses the Third RS 2 for control channels
of the first cell 2805.
[0249] A wireless device (e.g., the wireless device
2801) may receive from a base station one or more mes-
sages comprising one or more configuration parameters
of a first cell (e.g., the first cell 2805) and a second cell.
The one or more configuration parameters may indicate
one or more beam failure recovery request (BFRQ) re-
sources on the first cell 2805, one or more first reference
signals (RSs) of the second cell, a third RS of the first
cell 2805, a fourth RS of the first cell 2805, one or more
second RSs of the second cell, and/or an association
between each of the one or more first RSs and each of
the one or more BFRQ resources. The one or more con-
figuration parameters may indicate one or more beam
failure recovery request (BFRQ) resources on the first
cell 2805, one or more first reference signals (RSs) of
the second cell, a third RS of the first cell 2805, a fourth
RS of the first cell 2805, one or more second RSs of the
second cell, and/or an association between a first RS of
the one or more first RSs and a first BFRQ resource of
the one or more BFRQ resources. The one or more first
RSs may comprise one or more first CSI-RSs and/or one
or more first SS blocks. The one or more second RSs
may comprise one or more second CSI-RSs and/or one
or more second SS blocks. The third RS may comprise
one or more third CSI-RSs and/or one or more third SS
blocks. The fourth RS may comprise one or more fourth
DMRs. The PRACH resource may comprise one or more
time resources and/or one or more frequency resources.
[0250] The wireless device (e.g., the wireless device
2801) may initiate a BFR procedure for the second cell,
for example, after or in response to detecting a beam
failure based on the one or more second RSs of the sec-
ond cell. The detecting the beam failure may comprise
assessing (or comparing) one or more downlink control
channels associated with the one or more second RSs
having a radio quality lower than a first threshold. The
first threshold may be based on a first received signal
strength, for example, a BLER and/or a RSRP.
[0251] The wireless device 2801 may identify (or de-
termine) a selected RS of the one or more first RSs of
the second cell. The selected RS may be associated with
the one or more first RSs having a radio quality higher
than a second threshold. The second threshold may be
based on a second received signal strength (e.g., a BLER
and/or a RSRP). The selected RS may be associated
with a BFRQ resource of the one or more BFRQ resourc-
es of the first cell 2805. The BFRQ resource may com-
prise a preamble and a PRACH resource. The wireless
device 2801 may send (e.g., transmit) the preamble via
the PRACH resource.
[0252] The wireless device (e.g., the wireless device
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2801) may select the third RS of the first cell 2805. The
selecting of the third RS of the first cell may be based on
a timing of the sending (e.g., transmitting) the preamble.
The third RS may be preconfigured. The selected RS
may correspond to a candidate serving beam of the sec-
ond cell, for example, after the BFR procedure is com-
pleted. The wireless device 2801 may select the fourth
RS of a downlink control channel of the first cell 2805.
The fourth RS may be associated with the third RS.
[0253] The wireless device 2801 may monitor the
downlink control channel of the first cell 2805 to detect a
DCI, based on the fourth RS of the first cell 2805. The
monitoring of the downlink control channel may comprise
detecting the DCI in the downlink control channel ad-
dressed for a C-RNTI. The DCI may comprise a downlink
assignment and/or an uplink grant. The wireless device
2801 may complete the BFR procedure for the second
cell, for example, after or in response to receiving the
downlink control information via the first cell.
[0254] By applying existing BFR procedures for a pri-
mary cell to a secondary cell, the base station would need
to configure a dedicated coreset for the secondary cell
in addition to configuring a dedicated coreset for the pri-
mary cell. Currently there may be at most three coresets
per bandwidth part (BWP) in a cell. Thus, if one of the
three coresets is a dedicated coreset, the wireless device
is left with two coresets for communication. As described
further below, the enhanced BFR procedures described
herein allow for each cell to share a dedicated coreset,
thereby causing only one cell to have up to two coresets
while the remaining cells have up to three coresets. Ac-
cordingly, the base station has increased flexibility in
schedule a wireless device since more coresets are avail-
able. By configuring a dedicated coreset for each cell,
the system would waste time-frequency resources used
by each corese. By sharing a dedicated coreset for each
cell (e.g., primary cell and secondary cell), the system
would save resource overhead, for example time-fre-
quency resources that would otherwise be used by mul-
tiple dedicated coresets.
[0255] In the enhanced BFR procedures described
here, the wireless device may reuse a dedicated coreset
configured on the primary cell for a BFR procedure of
other cells (e.g., the primary cell and/or the secondary
cells configured to the wireless device). Given that there
may be at most one random access procedure for beam
failure recovery that occurs at a time (e.g., either for the
primary cell or for one of the secondary cells), dedicated
coresets for the BFR procedure of each cell (e.g., the
primary cell and the secondary cell) may not be config-
ured. For the enhanced BFR procedures described here-
in, the base station may configure one dedicated coreset
and monitor this dedicated coreset for the BFR procedure
of each cell (e.g., the primary cell and the secondary cell).
As discussed below concerning FIG. 29, the wireless de-
vice may monitor downlink coreset-1 and coreset-2 on a
primary cell for uplink/downlink transmissions. The wire-
less device may also monitor downlink coreset-3, core-

set-4 and coreset-5 on a secondary cell for uplink/down-
link transmissions. Additionally, the wireless device may
monitor a downlink coreset on the primary cell for both
the BFR procedure of the primary cell and the BFR pro-
cedure of the secondary cell.
[0256] FIG. 29 shows examples of monitoring one or
more coresets for a primary cell and a secondary cell. A
wireless device (e.g., the wireless device 2901) may
monitor a first coreset configured on the primary cell (e.g.,
the primary cell 2905) for a BFR procedure of the primary
cell, for example, monitoring for the downlink control re-
source set 1 or the downlink control resource set 2. The
wireless device may also monitor a second coreset con-
figured on the secondary cell (e.g., the secondary cell
2903) for a BFR procedure of the secondary cell, for ex-
ample, monitoring for the downlink control resource set
3 or the downlink control resource set 4. In view of the
enhanced BFR procedures described above concerning
at least FIGS. 27 and 28, the base station may configure
one dedicated coreset and monitor this dedicated coreset
for the BFR procedure of the primary cell 2905 and the
secondary cell 2903. Accordingly, the wireless device
(e.g., wireless device 2901) may reuse a dedicated core-
set configured on the primary cell (e.g., primary cell 2905)
for a BFR procedure of the secondary cell (e.g., second-
ary cell 2903). Notwithstanding whether the primary cell
and the secondary cell share the same coresets or have
different coresets, the wireless device may monitor the
primary cell for the BFR procedure of the secondary cell.
[0257] The base station may monitor the dedicated
coreset, for example, if the primary cell has a BFR pro-
cedure, and the base station may also monitor the ded-
icated coreset, for example, if a secondary cell has a BFR
procedure. These enhanced BFR procedures may save
resource overhead, for example, because the base sta-
tion may not need to configure a separate coreset for
each cell (e.g., the primary cell and the secondary cell),
which may consume additional resources. Rather the
base station monitors the same dedicated coreset for the
BFR procedure of the primary cell and the secondary
cell. In some systems, the base station may configure a
separate coreset for each cell. In these systems, the wire-
less device may be configured with at most three coresets
(per BWP). Accordingly, if one of those three coresets is
configured as a dedicated coreset for a BFR procedure
in each cell, this would only leave up to two coresets
available for uplink and downlink transmission, thereby
reducing the scheduling diversity of the base station.
[0258] The wireless device may receive, from a base
station, one or more messages comprising one or more
configuration parameters of a primary cell and a second-
ary cell. The one or more configuration parameters may
comprise a first preamble for a first beam failure recovery
(BFR) procedure of the primary cell. The one or more
configuration parameters (e.g., first BFR-PRACH re-
sources) may be associated with one or more first RSs
of the primary cell. The one or more configuration param-
eters may also comprise a second preamble for a second
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BFR procedure of the secondary cell. The one or more
configuration parameters (e.g., second BFR-PRACH re-
sources) may be associated with one or more second
RSs of the secondary cell. The first preamble may be
different than the second preamble. The one or more
configuration parameters may further comprise a time
and frequency resource on the primary cell for both the
first BFR procedure and the second BFR procedure.
[0259] The one or more configuration parameters
(e.g., one or more first BFRQ resources) on the primary
cell may be different from the one or more configuration
parameters (e.g., one or more second BFRQ resources)
on the primary cell, for example, the first BFRQ resources
and the second BFRQ resources may be orthogonal.
Various multiplexing methods may be used for the one
or more first BFRQ resources and the one or more sec-
ond BFRQ resources, for example, time division multi-
plexing (TDM), frequency division multiplexing (FDM),
code division multiplexing (CDM), and/or any combina-
tion thereof. In the TDM, a first time resource of the one
or more first BFRQ resources may be different from a
second time resource of the one or more second BFRQ
resources. The one or more first BFRQ resources (e.g.,
BFR-PRACH resources) and the one or more second
BFRQ resources (e.g., BFR-PRACH resources) may be
located in a different time instance, for example, a differ-
ent symbol or a different slot. In the FDM, a first frequency
resource of the one or more first BFRQ resources (e.g.,
BFR-PRACH resources) may be different from a second
frequency resource of the one or more second BFRQ
resources (e.g., BFR-PRACH resources). The one or
more first BFR-PRACH resources and the one or more
second BFR-PRACH resources may be located in a dif-
ferent subcarrier, a different RB, or a different subband.
In the CDM, a first preamble of the one or more first BFRQ
resources may be different from a second preamble of
the one or more second BFRQ resources. The one or
more first BFRQ resources (e.g., BFR-PRACH resourc-
es) may differentiate from the one or more second BFRQ
resources (e.g., BFR-PRACH resources) based on pre-
amble sequences. The one or more first BFR-PRACH
resources and the one or more second BFR-PRACH re-
sources may be assigned different preamble sequences.
The one or more first BFRQ resources on the primary
cell may differentiate from the one or more second BFRQ
resources on the primary cell based on a time opportu-
nity, a frequency index, a cyclic shift, or a combination
thereof.
[0260] The wireless device may transmit the first pre-
amble via the time-frequency resource on the primary
cell. The wireless device may perform the first BFR pro-
cedure by transmitting the first preamble via the time-
frequency resource on the primary cell, for example, after
or in response to detecting a first beam failure on the
primary cell. The wireless device may transmit the sec-
ond preamble via the time-frequency resource on the pri-
mary cell. A wireless device may send (e.g., transmit)
the second preamble via the PRACH resource (e.g., the

BFRQ resource) on the primary cell. The wireless device
may perform the second BFR procedure by transmitting
the second preamble via the time-frequency resource on
the primary cell, for example, after or in response to de-
tecting a second beam failure on the secondary cell. The
wireless device may initiate a second BFRQ transmis-
sion, for example, after or in response to identifying a
first RS of a secondary cell in a candidate beam identifi-
cation procedure. The wireless device may select a
BFRQ resource (e.g., the BFR-PRACH-2 resource) on
a primary cell for the second BFRQ transmission.
[0261] A base station may send (e.g., transmit), to a
wireless device, one or more messages comprising con-
figuration parameters of a beam failure recovery (BFR)
procedure. A base station, for the BFR procedure, may
configure one or more first BFRQ resources (e.g., a BFR-
PRACH, a BFR-PUCCH) for a first BFR procedure of a
primary cell. The base station may configure one or more
second BFRQ resources for a second BFR procedure of
a secondary cell. The one or more first BFRQ resources
and the one or more second BFRQ resources may be
on the primary cell. The base station may send (e.g.,
transmit), to a wireless device, one or more messages
indicating a first association between each of one or more
RSs (e.g., a CSI-RS, SS blocks) of the primary cell 3005
and each of the one or more first BFRQ resources on the
primary cell. The base station may monitor one or more
first BFRQ resources (e.g., BFR-PRACH resources) and
one or more second BFRQ resources (e.g., BFR-PRACH
resources). The base station may allocate a first set of
sequences (e.g., preamble sequences) for the one or
more first BFR-PRACH resources. The base station may
allocate a second set of sequences (e.g., preamble se-
quences) for the one or more second BFR-PRACH re-
sources. The base station may determine a cell identity
associated with a beam failure and/or a first RS associ-
ated with a candidate beam, for example, after or in re-
sponse to receiving one or more first BFRQ resources
(e.g., a preamble on a particular time opportunity and
frequency index).
[0262] A base station may configure (e.g., in some sys-
tems) the wireless device with a set of candidate RSs.
The wireless device may measure the set of candidate
RSs and selects a candidate RS among the set of can-
didate RSs, for example, if the wireless device detects a
beam failure for a primary cell. Each candidate RS of the
set of candidate RSs may be associated with a preamble
and a time-frequency resource, for example, a first can-
didate RS may configured/associated with a first pream-
ble, and a first time and a first frequency resource. The
base station may determine that the wireless device has
a beam failure for the primary cell and the wireless device
may select the first candidate RS for the BFR procedure,
for example, if the base station receives the first preamble
via the first time and first frequency resource. Each re-
source of each candidate RS of the set of candidate RSs
may be orthogonal (e.g., via time, frequency, or pream-
ble) to each other candidate RS such that the resource
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selection associated with a candidate RS may indicate
the selected candidate RS to the base station. The wire-
less device may use the uplink channels of the primary
cell for the preamble transmission of the BFR procedure
for the secondary cell, for example, if the secondary cell
has no uplink channel such as in the first and second
examples described above. The enhanced BFR proce-
dures described herein use improved methods of config-
uring the candidate RSs of the secondary cell on the pri-
mary cell, which may be applicable where the uplink
channels of the primary cell are used for the preamble
transmission for the BFR procedure of a secondary cell.
[0263] As described in more detail below, FIG. 30 de-
scribes the overall secondary cell BFR procedure where
the uplink channels of the primary cell are used for the
preamble transmission for the BFR procedure. FIG. 30
shows an example diagram for beam failure recovery
procedures or a secondary cell. As shown in FIG. 30, a
base station sends (e.g., transmits) to a wireless device
(e.g., a wireless device 3001), one or more messages
comprising a first set of RS resource configurations for
a second cell (e.g., a second cell 3003). The first set of
RS resource configurations may comprise one or more
first RSs (e.g., a CSI-RS or SS blocks) of the second cell
3003, for example, the Second RS 1 and the Second RS
2 shown in FIG. 30. The one or more messages may
further comprise a second set of RS resource configura-
tions comprising one or more second RSs (e.g., a CSI-
RS or SS blocks) of the second cell 3003, for example,
the First RS 1 and the First RS 2 shown in FIG. 30. The
wireless device 3001 may measure radio link quality of
one or more beams associated with the one or more first
RSs and/or the one or more second RSs. The one or
more messages may further comprise one or more BFRQ
resources (e.g. the BFRQ resource shown in FIG. 22) on
a first cell (e.g., a first cell 3005). The one or more mes-
sages may further comprise an association between
each of the one or more second RSs and each of the one
or more BFRQ resources, for example, an association
between the First RS 1 and the BFRQ resource shown
in FIG. 30.
[0264] As shown in FIG. 30, a wireless device (e.g.,
the wireless device 3001) may assess (or compare) a
first radio link quality (e.g., a BLER, a L1-RSRP) of the
one or more first RSs against a first threshold. The first
threshold (e.g., a BLER, a L1-RSRP) may be a first value
provided by a higher layer parameter (e.g., a RRC, a
MAC). The wireless device 3001 may monitor a PDCCH
of the second cell 3003. A RS (e.g., a DM-RS) of the
PDCCH may be associated with the one or more first
RSs (e.g., QCLed with the one or more first RSs).
[0265] A base station may send (e.g., transmit) one or
more messages comprising configuration parameters of
a beam failure recovery procedure, for example, the RRC
configuration for BFR procedure shown in FIG. 30. As
shown in FIG. 30, a wireless device (e.g., the wireless
device 3001) may detect a beam failure on the second
cell (e.g., the SCell 3003), for example, if the first radio

link quality of the one or more first RSs meets certain
criteria. A beam failure may occur, for example, if a RSRP
or a SINR of the one or more first RSs is lower than the
first threshold. Additionally, or alternatively, a beam fail-
ure may occur, for example, if the BLER is higher than a
threshold. This wireless device may receive, from the
base station, one or more configuration parameters in-
dicating a value for the threshold. The wireless device
may measure a block error rate (BLER) of one or more
downlink control channels. The wireless device may
compare a quality of the one or more downlink control
channels (e.g., associated with one or more first RSs)
with the threshold, for example, the wireless device may
measure the BLER of one or more downlink control chan-
nels and compare the measurement with the threshold
for the beam failure detection. The wireless device may
increment a beam failure counter, for example, if the
BLER of a downlink control is higher than the threshold.
The assessment may be performed for a consecutive
number of times. The number of consecutive perform-
ances of the assessment may be determined by a higher
layer parameter (e.g., a RRC, a MAC).
[0266] The wireless device (e.g., the wireless device
3001) may initiate a candidate beam identification pro-
cedure on the second cell 3003, for example, after or in
response to detecting the beam failure on the second
cell. For the candidate beam identification procedure, the
wireless device 3001 may identify a first RS (e.g., the
First RS 1 shown in FIG. 30) among the one or more
second RSs. The first RS may be associated with a BFRQ
resource (e.g., the BFRQ resource shown in FIG. 22) of
the one or more BFRQ resources on the first cell 3005.
The BFRQ resource may comprise a preamble and a
PRACH resource, for example, a time resource and/or a
frequency resource. A second radio link quality (e.g., a
BLER, a L1-RSRP) of the first RS may be better than a
second threshold, for example, the second radio link
equality of the first RS have a lower BLER, a higher L1-
RSRP, or a higher SINR than the second threshold. The
second threshold may comprise a second value provided
by the higher layer parameter (e.g., a RRC, a MAC).
[0267] The wireless device 3001, may send (e.g.,
transmit), in a first slot, the preamble via the PRACH re-
source (e.g., the BFRQ resource) on the first cell (e.g.,
the PCell 3005) for a BFR procedure of the second cell
3003, for example, after or in response to detecting the
beam failure on the second cell and identifying the first
RS of the second cell. The wireless device 3001 may
start, from a second slot, monitoring, within a response
window, a first PDCCH in one or more first coresets on
the first cell 3005 for a DCI (e.g., the BFRQ response
shown in FIG. 30), for example, after or in response to
sending (e.g., transmitting) the preamble in the first slot.
The DCI may be configured with a cyclic redundancy
check (CRC) scrambled by a C-RNTI.
[0268] The BFR procedure may be successfully com-
pleted, for example, after or in response to receiving,
within the configured response window, a downlink as-
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signment or an uplink grant on the first PDCCH of the
first cell 3005 in one or more first coresets on the first
cell. The downlink assignment or the uplink grant may
be received at the wireless device 3001 as indicated by
the BFRQ response shown in FIG. 30. The downlink as-
signment or the uplink grant may be addressed to the C-
RNTI.
[0269] A wireless device (e.g., the wireless device
3001) may monitor a first PDCCH of a first cell (e.g., the
first cell 3005), for example, in a multiple beam example
with multiple cells configured. A first RS (e.g., a DM-RS)
of the first PDCCH may be associated with one or more
RSs of the first cell 3005 (e.g., QCLed with one or more
RSs of the first cell). The wireless device 3001 may mon-
itor a second PDCCH of a second cell (e.g., the second
cell 3003). A second RS (e.g., a DM-RS) of the second
PDCCH may be associated with one or more RSs of the
second cell 3003 (e.g., QCLed with one or more RSs of
the second cell).
[0270] A base station may configure one or more first
BFRQ resources (e.g., a BFR-PRACH, a BFR-PUCCH)
for a first BFR procedure of a first cell (e.g., the first cell
3005), for example, during a BFR procedure. Addition-
ally, or alternatively, the base station may configure one
or more second BFRQ resources for a second BFR pro-
cedure of a second cell (e.g., the second cell 3003). The
one or more first BFRQ resources and the one or more
second BFRQ resources may be on the first cell 3005.
The base station may send (e.g., transmit) to a wireless
device (e.g., the wireless device 3001) one or more mes-
sages indicating a first association between each of one
or more third RSs (e.g., a CSI-RS, SS blocks) of the first
cell 3005 and each of the one or more first BFRQ re-
sources on the first cell 3005. The one or more messages
may further indicate an association between each of one
or more fourth RSs of the second cell 3003 and each of
the one or more second BFRQ resources on the first cell
3005.
[0271] A first RS of a second cell (e.g., the second cell
3003), such as a first RS of the second cell determined
in a candidate beam identification procedure, may be as-
sociated with a second BFRQ resource of the one or
more second BFRQ resources on the first cell 3005. The
second BFRQ resource may comprise a preamble and
a PRACH resource (e.g., a time resource and/or a fre-
quency resource) determined by a higher layer parame-
ter (e.g., a RRC). A wireless device (e.g., the wireless
device 3001) may send (e.g., transmit) the preamble via
the PRACH resource on the first cell 3005 for a BFRQ
transmission.
[0272] The one or more first BFRQ resources on the
first cell 3005 and the one or more second BFRQ re-
sources on the first cell 3005 may be orthogonal. Multi-
plexing methods between the one or more first BFRQ
resources and the one or more second BFRQ resources
may comprise time division multiplexing (TDM), frequen-
cy division multiplexing (FDM), code division multiplexing
(CDM), and/or any combination of the TDM, the FDM

and/or the CDM. In the TDM, a first time resource of the
one or more first BFRQ resources may be different from
a second time resource of the one or more second BFRQ
resources. In the FDM, a first frequency resource of the
one or more first BFRQ resources may be different from
a second frequency resource of the one or more second
BFRQ resources. In the CDM, a first preamble of the one
or more first BFRQ resources may be different from a
second preamble of the one or more second BFRQ re-
sources. The one or more first BFRQ resources on the
first cell 3005 may differentiate from the one or more sec-
ond BFRQ resources on the first cell 3005 based on a
time opportunity, a frequency index, a cyclic shift, or a
combination thereof, to provide flexibility in scheduling
for the base station.
[0273] The enhanced BFR procedures described
herein use an association between a candidate RS of a
secondary cell and the time, frequency, and preamble
resources on a primary cell. As described below regard-
ing FIG. 31, the first resources for the candidate RSs of
the primary cell and the second resources for the candi-
date RSs of the second cell may be frequency division
multiplexed (FDM-ed). For example, a first candidate RS
of the primary cell may be associated with a first pream-
ble, a first time resource, and a first frequency resource
on the primary cell. Additionally, a second candidate RS
of the secondary cell may be associated with the first
preamble, the first time resource, and a second frequen-
cy resource on the primary cell. Accordingly, the first can-
didate RS and the second candidate RS may use the
same first preamble and the same time resource, but
may use orthogonal frequency resources (e.g., the first
frequency resource and the second frequency resource)
such that the base station may distinguish the first can-
didate RS and the second candidate RS. In high frequen-
cies (e.g., 24GHz, 50GHz, 77GHz, etc), which may be
used for NR or any other generation of mobile commu-
nication networks, there are a plurality of available fre-
quency bands. Configuring the wireless device with
FDM-ed resources may be beneficial in high frequencies
as there may be a greater abundance of available (e.g.,
not used) frequencies, which may be used for multiplex-
ing the primary cell and secondary cell resources. Con-
figuring the wireless device with FDM-ed resources may
be beneficial given that preambles may be a scarcely
available resource and using orthogonal time resources
may lead to delay of the secondary cell BFR procedure,
for example, the secondary cell may need to wait until its
time resources are utilized over time if the secondary cell
has a BFR procedure.
[0274] FIG. 31 shows an example of frequency division
multiplexing (FDM) resources for candidate RSs of the
primary cell and the secondary cell. A wireless device
(e.g., the wireless device 3001) may use one or more
first BFR-PRACH resources to send (e.g., transmit) a
first BFRQ transmission of a first cell (e.g., the first cell
3105). Additionally, or alternatively, a wireless device
(e.g., the wireless device 3001) may use one or more
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second BFR-PRACH resources to send (e.g., transmit)
a second BFRQ transmission of a second cell 3103. Each
of the one or more first BFR-PRACH resources (e.g., the
BFR-PRACH-1 shown in FIG. 31) may be associated
with one or more first RSs (e.g., a CSI-RSs, SS blocks)
of the first cell 3105. Each of the one or more second
BFR-PRACH resources (e.g., the BFR-PRACH-2 shown
in FIG. 31) may be associated with one or more second
RSs (e.g., a CSI-RSs, SS blocks) of the second cell 3103.
The one or more first BFR-PRACH resources may dif-
ferentiate from the one or more second BFRQ resources
based on frequency (e.g., the FDM). The one or more
first BFR-PRACH resources and the one or more second
BFR-PRACH resources may be located in a different
subcarrier, a different RB, or a different subband. The
one or more first BFR-PRACH resources and the one or
more second BFR-PRACH resources may be located in
a same time instance, a same symbol, or a same slot.
Additionally, or alternatively, the one or more first BFR-
PRACH resources and the one or more second BFR-
PRACH resources may use the same preambles. Differ-
entiating the one or more first BFR-PRACH resources
and the one or more second BFR-PRACH resources by
frequency may be useful in a flat fading channel. The flat
fading channel may occur, for example, if a coherence
bandwidth of a channel is larger than a bandwidth of a
signal. Frequency components of the signal may expe-
rience a same magnitude of fading.
[0275] Each of the one or more first BFR-PRACH re-
sources or the one or more second BFR-PRACH re-
sources may provide an opportunity in a time, a frequency
and/or a sequence domain for a wireless device (e.g.,
the wireless device 3001) to send (e.g., transmit) a pre-
amble for a first BFRQ transmission (or a second BFRQ
transmission) of a first cell (e.g., the first cell 3105) or a
second cell (e.g., the second cell 3103). As shown in FIG.
31, the one or more BFR-PRACH resources in an n-th
time opportunity, (e.g., "Tn", where n =1, 2, 3, etc.), may
span different frequency indexes (e.g., "Fk", where k =1,
2, etc.), and may hold a beam correspondence relation-
ship with one or more first RSs (e.g., the First RS 1, the
First RS 2, the First RS 3) of the first cell 3105 and one
or more second RSs (e.g., the Second RS 1, the Second
RS 2, the Second RS 3) of the second cell 3103. As
shown in FIG. 31, the First RS 1 of the first cell 3105 may
be associated with the BFR-PRACH-1 comprising a pre-
amble P1, a time opportunity T1, and a first frequency
index F1. The Second RS 1 of the second cell 3103 may
be associated with the BFR-PRACH-2 comprising the
preamble P1, the time opportunity T1, and a second fre-
quency index F2.
[0276] A wireless device (e.g., the wireless device
3001) may trigger a second BFRQ transmission, for ex-
ample, after or in response to identifying a first RS (e.g.,
the Second RS 2 shown in FIG. 31) of a second cell (e.g.,
the second cell 3103) in a candidate beam identification
procedure. The wireless device 3001 may select the
BFR-PRACH-2 resource on a first cell (e.g., the first cell

3105) for the second BFRQ transmission. The BFR-
PRACH-2 resource may comprise a preamble P1, a time
opportunity T2 and a frequency index F2. The wireless
device 3001 may send (e.g., transmit) the preamble P1
on the time opportunity T2 and the frequency index F2.
A base station may monitor one or more first BFR-
PRACH resources and one or more second BFR-PRACH
resources. The base station may infer (or determine) a
cell identity associated with a beam failure and the first
RS associated with a candidate beam. Referring to the
example in FIG. 31, the base station may determine a
cell identity associated with a beam failure (e.g., the iden-
tity of the second cell 3103), and the first RS associated
with a candidate beam (e.g. the Second RS 2), for ex-
ample, after or in response to receiving the preamble P1
on the time opportunity T2 and the frequency index F2.
[0277] As described below regarding FIG. 32, the first
resources for the candidate RSs of the primary cell and
the second resources for the candidate RSs of the sec-
ondary cell may be time division multiplexed (TDM-ed).
For example, a first candidate RS of the primary cell may
be associated with a first preamble, a time resource, and
a frequency resource on the primary cell. Additionally, a
second candidate RS of the secondary cell may be as-
sociated with the first preamble, a second time resource,
and the first frequency resource on the primary cell. Ac-
cordingly, the first candidate RS and the second candi-
date RS may use the same first preamble and the same
frequency resource, but may use orthogonal time re-
sources (e.g., the first time resource and the second time
resource) such that the base station may distinguish the
first candidate RS and the second candidate RS. In low
frequencies (e.g., 2.4GHz, 5GHz, 6GHz, etc.), as com-
pared to higher frequencies, the number of available fre-
quency bands may be scarcer, for example, the band-
width of the wireless device may be small, such as 20
MHz in the LTE mobile communication standard. More-
over, configuring the wireless device with TDM-ed re-
sources may be beneficial given that given that pream-
bles may be a scarcely available resource. The wireless
device may accommodate a latency in BFR procedure
of a secondary cell, for example, if the BFR procedure
of the secondary cell may not be as urgent as the BFR
procedure of the primary cell. As such, configuring the
wireless device with TDM-ed resources may be benefi-
cial to and provide efficiencies for the enhanced BFR
procedures discussed below.
[0278] FIG. 32 shows examples of time division multi-
plexing (TDM) resources for candidate RSs of the prima-
ry cell and the secondary cell. A wireless device (e.g.,
the wireless device 3001) may use one or more first BFR-
PRACH resources to send (e.g., transmit) a first BFRQ
transmission of a first cell (e.g., the first cell 3105) and
one or more second BFR-PRACH resources to send
(e.g., transmit) a second BFRQ transmission of a second
cell (e.g., the second cell 3103). Each of the one or more
first BFR-PRACH resources (e.g., the BFR-PRACH-1
shown in FIG. 32) may be associated with one or more
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first RSs (e.g., a CSI-RS, SS blocks) of the first cell 3105.
Each of the one or more second BFR-PRACH resources
(e.g., the BFR-PRACH-2 shown in FIG. 32) may be as-
sociated with one or more second RSs (e.g., a CSI-RS,
SS blocks) of the second cell 3103. The one or more first
BFR-PRACH resources may differentiate from the one
or more second BFRQ resources based on time (e.g.,
the TDM).The one or more first BFR-PRACH resources
and the one or more second BFR-PRACH resources may
be located in a different time instance, for example, a
different symbol or a different slot. The one or more first
BFR-PRACH resources and the one or more second
BFR-PRACH resources may be located in a same sub-
carrier, a same RB, or a same subband. Additionally, or
alternatively, the one or more first BFR-PRACH resourc-
es and the one or more second BFR-PRACH resources
may use the same preambles. Differentiating the one or
more first BFR-PRACH resources and the one or more
second BFR-PRACH resources by time may be useful
in a slow fading channel. The slow fading channel may
occur, for example, if a coherence time of a channel is
large relative to a delay requirement of an application,
for example, more than two symbols or more than a time
slot. An amplitude and a phase change imposed by the
channel may be constant over a period of use. In the slow
fading channel, variations of the channel may be slow so
that that the base station may track the channel of the
wireless device (e.g., the wireless device 3001).
[0279] Each of the one or more first BFR-PRACH re-
sources (or second BFR-PRACH resources) may pro-
vide an opportunity in a time domain, a frequency domain,
and/or a sequence domain for a wireless device (e.g.,
wireless device 3001) to send (e.g., transmit) a preamble
for a first BFRQ transmission (or a second BFRQ trans-
mission) of a first cell (e.g., the first cell 3105) or a second
cell (e.g., the second cell 3103). As shown in FIG. 32,
the one or more BFR-PRACH resources in the n-th time
opportunity, (e.g., "Tn", where n =1, 2,...6, etc.) may hold
a beam correspondence relationship with one or more
first RSs (e.g., the First RS 1, the First RS 2, the First RS
3) of the first cell (e.g., the first cell 3105) and one or more
second RSs (e.g., the Second RS 1, the Second RS 2,
the Second RS 3) of the second cell (e.g., the second
cell 3103). As shown in FIG. 32, the First RS 1 of the first
cell 3105 may be associated with the BFR-PRACH-1
comprising a preamble P1, a first time opportunity T1,
and a frequency index F1. The Second RS 1 of the second
cell 3103 may be associated with the BFR-PRACH-2
comprising the preamble P1, a second time opportunity
T2, and the frequency index F1.
[0280] A wireless device (e.g., the wireless device
3001) may trigger a second BFRQ transmission, for ex-
ample, after or in response to identifying a first RS (e.g.,
the Second RS 2 shown in FIG. 32) of a second cell (e.g.,
the second cell 3103) in a candidate beam identification
procedure. The wireless device 3001 may select the
BFR-PRACH-2 resource on a first cell (e.g., the first cell
3105) for the second BFRQ transmission. The BFR-

PRACH-2 resource may comprise a preamble P1, a time
opportunity T4, and a frequency index F1. The wireless
device 3001 may send (e.g., transmit) the preamble P1
on the time opportunity T4 and the frequency index F1.
A base station may monitor one or more first BFR-
PRACH resources and one or more second BFR-PRACH
resources. The base station may infer (or determine) a
cell identity associated with a beam failure and the first
RS associated with a candidate beam. Referring to the
example in FIG. 32, the base station may determine a
cell identity associated with a beam failure (e.g., the sec-
ond cell 3103) and the first associated with a candidate
beam RS (e.g. the Second RS 2), for example, after or
in response to receiving the preamble P1 on the time
opportunity T4 and the frequency index F1.
[0281] As described below regarding FIG. 33, the first
resources for the candidate RSs of the primary cell and
the second resources for the candidate RSs of the sec-
ondary cell are code division multiplexed (CDM-ed). For
example, a first candidate RS of the primary cell may be
associated with a first preamble, a first time resource,
and a first frequency resource on the primary cell. Addi-
tionally, a second candidate RS of the secondary cell
may be associated with a second preamble, the first time
resource, and the first frequency resource on the primary
cell. Accordingly, the first candidate RS and the second
candidate RS may use the same time resource and the
same frequency resource, but may use orthogonal pre-
ambles (e.g., the first preamble and the second pream-
ble) such that the base station may distinguish the first
candidate RS and the second candidate RS. Configuring
the wireless device with CDM-ed resources may benefi-
cial, for example, if the number of wireless devices and/or
secondary cells is not high. Notably, in 5G systems, the
wireless device may be configured with up to 32 second-
ary cells, while the number of wireless devices may be
up to 100 devices. The base station may assign orthog-
onal preambles for each wireless device of each cell. As
such, configuring the wireless device with CDM-ed re-
sources may also be beneficial, for example, if the wire-
less device has limited bandwidth on the primary cell
and/or uses a fast BFR procedure.
[0282] FIG. 33 shows examples of code division mul-
tiplexing (CDM) resources for candidate RSs of the pri-
mary cell and the secondary cell. A wireless device (e.g.,
the wireless device 3001) may use one or more first BFR-
PRACH resources to send (e.g., transmit) a first BFRQ
transmission of a first cell (e.g., the first cell 3305) and
one or more second BFR-PRACH resources to send
(e.g., transmit) a second BFRQ transmission of a second
cell (e.g., the second cell 3303). Each of the one or more
first BFR-PRACH resources (e.g., the BFR-PRACH-1
shown in FIG. 33) may be associated with one or more
first RSs (e.g., a CSI-RS, SS blocks) of the first cell 3305.
Each of the one or more second BFR-PRACH resources
(e.g., the BFR-PRACH-2 shown in FIG. 33) may be as-
sociated with one or more second RSs (e.g., a CSI-RSs,
SS blocks) of the second cell 3303. The one or more first
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BFR-PRACH resources may differentiate from the one
or more second BFRQ resources based on preamble
sequences (e.g., the CDM). The one or more first BFR-
PRACH resources and the one or more second BFR-
PRACH resources may be assigned different preamble
sequences. The one or more first BFR-PRACH resourc-
es and the one or more second BFR-PRACH resource
may be located in a same subcarrier, a same RB, or a
same subband. Additionally, or alternatively, the one or
more first BFR-PRACH resources and the one or more
second BFR-PRACH resources may be located in the
same time instance, for example, the same symbol, or
the same slot). Differentiating the one or more first BFR-
PRACH resources and the one or more second BFR-
PRACH resources based on preamble sequences may
be useful, for example, if there is a small number of wire-
less devices and/or secondary cells associated with the
first cell 3305, for example fewer than 64 wireless devices
and/or secondary cells . A base station may allocate a
first set of sequences (e.g., preamble sequences) for the
one or more first BFR-PRACH resources. The base sta-
tion may allocate a second set of sequences (e.g., pre-
amble sequences) for the one or more second BFR-
PRACH resources. The first set of sequences and the
second set of sequences may not overlap. This may pro-
vide a low PRACH collision probability, as providing or-
thogonal preambles may lower the collision probability
to zero.
[0283] Each of the one or more first BFR-PRACH re-
sources (or second BFR-PRACH resources) may pro-
vide an opportunity in a time domain, a frequency domain,
and/or a sequence domain for a wireless device (e.g.,
wireless device 3001) to send (e.g., transmit) a preamble
for a first BFRQ transmission (or second BFRQ trans-
mission) of a first cell (e.g., the first cell 3305) or a second
cell (e.g., the second cell 3303). As shown in FIG. 33,
the BFR-PRACH resources in the n-th time opportunity
(e.g., "Tn", where n =1, 2, 3, etc.) spanning different pre-
amble sequences (e.g., "Pk", where k =1, 2, etc.) may
hold a beam correspondence relationship with one or
more first RSs (e.g., the First RS 1, the First RS 2, the
First RS 3) of the first cell 3305 and one or more second
RSs (e.g., the Second RS 1, the Second RS 2, the Sec-
ond RS 3) of the second cell 3303. The First RS 1 of the
first cell 3305 may be associated with the BFR-PRACH-
1 comprising a first preamble P2, a time opportunity T1,
and a frequency index F1. The Second RS 1 of the second
cell 3303 may be associated with the BFR-PRACH-2
comprising a second preamble P1, the time opportunity
T1, and the frequency index F1.
[0284] A wireless device (e.g., the wireless device
3001) may trigger a second BFRQ transmission, for ex-
ample, after or in response to identifying a first RS (e.g.,
the Second RS 2 shown in FIG. 33) of a second cell in a
candidate beam identification procedure. The wireless
device may select the BFR-PRACH-2 resource on a first
cell (e.g., the firs cell 3305) for the second BFRQ trans-
mission. The BFR-PRACH-2 resource may comprise a

preamble P1, a time opportunity T2, and a frequency in-
dex F1. The wireless device may send (e.g., transmit) the
preamble P1 on the time opportunity T2 and the frequency
index F1. A base station may monitor one or more first
BFR-PRACH resources and one or more second BFR-
PRACH resources. The base station may infer (or deter-
mine) a cell identity associated with a beam failure and
the first RS associated with a candidate beam. Referring
to the example shown in FIG. 33, the base station may
determine a cell identity associated with a beam failure
(e.g., the second cell 3303) and the first RS associated
with a candidate beam (e.g., the Second RS), for exam-
ple, after or in response to receiving the preamble P1 on
the time opportunity T2 and the frequency index F1.
[0285] Allocating one or more time and/or frequency
resources on a cell (e.g., a primary cell) may increase
the load on the Cell. A BFR procedure for a secondary
cell may interrupt an uplink transmission on the primary
cell, for example, as the wireless device uses the uplink
channels (e.g., a PRACH) on the primary cell for the BFR
procedure for the secondary cell. As shown in FIG. 34
and as described in more detail below, the enhanced
beam failure recovery procedures described herein may
distribute the allocation of resources to multiple cells. A
first BFR group may comprise a primary cell, a first sec-
ondary cell-1 and a second secondary cell; and a second
BFR group may comprise a third secondary cell, a fourth
secondary cell, and a fifth secondary cell. The BFR re-
sources for the primary cell, the first secondary cell, and
the second secondary cell may be configured on the pri-
mary cell, and the BFR resources for the third secondary
cell, the fourth secondary cell, and the fifth secondary
cell may be configured on the third secondary cell. By
distributing the allocation of resources to multiple cells,
this may reduce the load on the primary cell, as otherwise
compared to configuring the BFR resource for each cell
(e.g., the primary cell, the first secondary cell, the second
secondary cell, the third secondary cell, the fourth sec-
ondary cell, and the fifth secondary cell) on the primary
cell, which would interrupt the operations on the primary
cell and also limit the resources available on the primary
cell. Accordingly, distributing the allocation of resources
to multiple cells would reduce the amount of interruption
occurring on the primary cell. Moreover, if one cell fails
or is experience interruption issues, all other cells con-
nected to the failing cell may also begin to fail. Thus,
distributing the allocation of resources to multiple cells
would increase the robustness and reliability of the sys-
tem.
[0286] FIG. 34 shows examples of distributing the al-
location of beam failure recovery request (BFRQ) re-
sources to one or more cells. A plurality of cells may be
grouped into one or more cell groups. A cell group (e.g.,
a BFRQ) may comprise a first cell (e.g. a PCell, a PUCCH
SCell, a PsCell) and one or more second cells, for ex-
ample, one or more SCells. A base station may configure
multiple BFRQ resources (e.g., a BFR-PRACH) on the
first cell. Each BFRQ resource of the multiple BFRQ re-
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sources may be associated with each of the first cell and
the one or more second cells in the cell group. As shown
in FIG. 34, the BFRQ-Group 1 may comprise the First
cell 1 and a plurality of Second cells (e.g., the Second
Cell 1-1, the Second Cell 1-2, ... the Second Cell 1-K1).
The plurality of Second cells and the First cell 1 may be
grouped to utilize one or more BFRQ resources of the
First cell 1. The one or more BFRQ resources of the First
cell 1 may be orthogonal.
[0287] As shown in FIG. 34, a wireless device may
trigger a BFRQ transmission on the BFRQ Resources
2-2 of the First cell 2, for example, after or in response
to detecting a beam failure on the Second cell 2-2 of the
BFRQ Group 2. The BFRQ Resources 2-2 may be or-
thogonal (e.g., TDM, FDM, CDM) to other BFRQ resourc-
es of the First cell 2, for example, the BFRQ Resources
2-0, the BFRQ Resources 2-1, the BFRQ Resources 2-
K1, etc. A BFRQ resource of the BFRQ Resources 2-2
may be associated with a first RS of the Second cell 2-2.
The first RS may be determined in a candidate beam
identification procedure of the Second cell 2-2. The
BFRQ resource may comprise a preamble, a time op-
portunity, and a frequency index. The wireless device
(e.g., the wireless device 3001) may send (e.g., transmit)
the preamble on the time opportunity and the frequency
index. A base station may monitor the BFRQ resources
of the First cell 2. The base station may infer (or deter-
mine) a cell identity associated with a beam failure and
the first RS associated with a candidate beam. As shown
in FIG. 34, the base station may infer determine a cell
identity associated with a beam failure (e.g., the Second
cell 2-2) and determine the first RS associated with a
candidate beam, for example, after or in response to re-
ceiving the preamble on the time opportunity and the fre-
quency index.
[0288] A wireless device may receive from a base sta-
tion one or more messages comprising one or more con-
figuration parameters of a first cell and a second cell. The
one or more configuration parameters may indicate a first
RS of the second cell, a plurality of second RSs of the
second cell, and/or a plurality of BRACH resources. Each
of the BRACH resources may be associated with each
of the plurality of second RSs of the second cell. Each
of the BRACH resources may comprise a preamble and
a PRACH resource of the first cell.
[0289] The wireless device may initiate a beam failure
recovery procedure for the second cell, for example, after
or in response to detecting a beam failure based on the
first RS of the second cell. The wireless device may select
a selected RS of the plurality of second RSs of the second
cell, for example, after or in response to initiating the
beam failure recovery procedure. The selected RS may
be associated with a candidate beam.
[0290] The wireless device may send (e.g., transmit),
on the first cell, the preamble via the PRACH resource
of a BRACH resource of the plurality of BRACH resources
of the first cell. The BRACH resource may be associated
with the selected RS of the second cell.

[0291] Hereinafter, various characteristics will be high-
lighted in a set of numbered clauses or paragraphs.
These characteristics are not to be interpreted as being
limiting on the invention or inventive concept, but are pro-
vided merely as a highlighting of some characteristics as
described herein, without suggesting a particular order
of importance or relevancy of such characteristics.

Clause 1. A method comprising receiving, by a wire-
less device, one or more messages comprising one
or more configuration parameters of a primary cell
and a secondary cell.

Clause 2. The method of clause 1, wherein the one
or more configuration parameters indicate a first pre-
amble for a first beam failure recovery (BFR) proce-
dure of the primary cell.

Clause 3. The method of any one of clauses 1 - 2,
wherein the one or more configuration parameters
indicate a second preamble for a second BFR pro-
cedure of the secondary cell, wherein the first pre-
amble is different from the second preamble.

Clause 4. The method of any one of clauses 1 - 3,
wherein the one or more configuration parameters
indicate a time-frequency resource on the primary
cell associated with the first BFR procedure and the
second BFR procedure.

Clause 5. The method of any one of clauses 1 - 4,
further comprising sending, based on a first beam
failure on the primary cell, the first preamble via the
time-frequency resource on the primary cell to per-
form the first BFR procedure.

Clause 6. The method of any one of clauses 1 - 5,
further comprising sending, based on a second
beam failure on the secondary cell, the second pre-
amble via the time-frequency resource on the prima-
ry cell to perform the second BFR procedure.

Clause 7. The method of any one of clauses 1 - 6,
wherein the one or more configuration parameters
further comprise one or more first reference signals
(RSs) of the secondary cell; one or more second RSs
of the secondary cell; or one or more beam failure
recovery request (BFRQ) resources on the primary
cell.

Clause 8. The method of any one of clauses 1 - 7,
wherein the one or more configuration parameters
further comprise one or more of: a first channel state
information reference signal (CSI-RS); or a first syn-
chronization signal (SS) block.

Clause 9. The method of any one of clauses 1 - 8,
wherein the one or more configuration parameters
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further comprise one or more of: a second channel
state information reference signal (CSI-RS); or a
second synchronization signal (SS) block.

Clause 10. The method of any one of clauses 1 - 9,
wherein the detecting the second beam failure on
the secondary cell further comprises determining
that one or more first reference signals (RSs) com-
prise a radio quality lower than a first threshold.

Clause 11. The method of any one of clauses 1 - 10,
further comprising detecting, based on a block error
rate (BLER), the second beam failure on the sec-
ondary cell.

Clause 12. The method of any one of clauses 1 - 11,
wherein the sending the second preamble via the
time-frequency resource further comprises selecting
a candidate reference signals (RS) from one or more
second RSs of the secondary cell, wherein the se-
lected candidate RS is associated with a beam fail-
ure recovery request (BFRQ) resource; and after se-
lecting the candidate RS, sending the second pre-
amble.

Clause 13. The method of any one of clauses 1 - 12,
wherein a candidate reference signals (RS) from one
or more second RSs of the secondary cell comprises
a radio quality higher than a second threshold.

Clause 14. The method of any one of clauses 1 - 13,
further comprising determining, based on a layer-1
reference signal received power (L1-RSRP), the
second threshold.

Clause 15. The method of any one of clauses 1 - 14,
wherein the time-frequency resource comprises one
or more of: a time resource on the primary cell; or a
frequency resource on the primary cell.

Clause 16. The method of any one of clauses 1 - 15,
wherein the one or more configuration parameters
further indicate: one or more third reference signals
(RSs) of the primary cell; one or more fourth RSs of
the primary cell; or one or more second beam failure
recovery request (BFRQ) resources on the primary
cell.

Clause 17. The method of any one of clauses 1 - 16,
wherein the one or more configuration parameters
further indicate an association between each of the
one or more fourth RSs and each of the one or more
second BFRQ resources.

Clause 18. The method of any one of clauses 1 - 17,
wherein the detecting the first beam failure on the
primary cell further comprises determining that one
or more third reference signals (RSs) comprise a ra-

dio quality lower than a third threshold.

Clause 19. The method of any one of clauses 1 - 18,
wherein the sending the first preamble via the time-
frequency resource occurs after selecting a second
candidate RS in the one or more fourth RSs.

Clause 20. The method of any one of clauses 1 - 19,
wherein the second candidate RS is associated with
a second BFRQ resource of the one or more second
BFRQ resources.

Clause 21. The method of any one of clauses 1 - 20,
wherein the second BFRQ resource comprises the
first preamble and the time-frequency resource.

Clause 22. A computing device comprising: one or
more processors; and memory storing instructions
that, when executed, cause the computing device to
perform the method of any one of clauses 1 - 21.

Clause 23. A system comprising: a first computing
device configured to perform the method of any one
of clauses 1 - 21; and a second computing device
configured to send the one or more messages.

Clause 24. A computer-readable medium storing in-
structions that, when executed, cause the perform-
ance of the method of any one of clauses 1 - 21.

Clause 25. A method comprising receiving, by a wire-
less device, one or more messages comprising one
or more configuration parameters of a primary cell
and a secondary cell.

Clause 26. The method of clause 25, wherein the
one or more configuration parameters indicate a first
random access resource parameter for a first beam
failure recovery (BFR) procedure of the primary cell.

Clause 27. The method of any one of clauses 25 -
26, wherein the first random access resource param-
eter comprises a first parameter indicating a first
time-frequency resource on the primary cell.

Clause 28. The method of any one of clauses 25 -
27, wherein the first random access resource param-
eter comprises a first index indicating a first pream-
ble.

Clause 29. The method of any one of clauses 25 -
28, wherein the one or more configuration parame-
ters indicate a second random access resource pa-
rameter for a second BFR procedure of the second-
ary cell.

Clause 30. The method of any one of clauses 25 -
29, wherein the second random access resource pa-
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rameter comprises a second parameter indicating
the first time-frequency resource.

Clause 31. The method of any one of clauses 25 -
30, wherein the second random access resource pa-
rameter comprises a second index indicating a sec-
ond preamble that is different from the first preamble.

Clause 32. The method of any one of clauses 25 -
31, further comprising sending the first preamble via
the first time-frequency resource of the primary cell
to perform the first BFR procedure.

Clause 33. The method of any one of clauses 25 -
32, further comprising sending the second preamble
via the first time-frequency resource of the primary
cell to perform the second BFR procedure.

Clause 34. The method of any one of clauses 25 -
33, wherein sending the first preamble via the first
time-frequency resource further comprises detect-
ing a first beam failure on the primary cell; and send-
ing, based on the detecting the first beam failure, the
first preamble.

Clause 35. The method of any one of clauses 25 -
34, wherein sending the second preamble via the
first time-frequency resource further comprises de-
tecting a second beam failure on the secondary cell;
and sending, based on the detecting the second
beam failure, the second preamble.

Clause 36. The method of any one of clauses 25 -
35, wherein the one or more configuration parame-
ters further indicate: one or more first reference sig-
nals (RSs) of the secondary cell; one or more second
RSs of the secondary cell; or one or more beam fail-
ure recovery request (BFRQ) resources on the pri-
mary cell.

Clause 37. The method of any one of clauses 25 -
36, wherein the one or more configuration parame-
ters further indicate an association between each of
one or more second reference signals (RSs) of the
secondary cell and each of one or more beam failure
recovery request (BFRQ) resources.

Clause 38. The method of any one of clauses 25 -
37, wherein at least one of one or more beam failure
recovery request (BFRQ) resources comprises the
second preamble and the first time-frequency re-
source.

Clause 39. The method of any one of clauses 25 -
38, wherein one or more first RSs of the secondary
cell comprise one or more of: a first channel state
information reference signal (CSI-RS); or a first syn-
chronization signal (SS) block.

Clause 40. The method of any one of clauses 25 -
39, wherein one or more second RSs of the second-
ary cell comprise one or more of: a second channel
state information reference signal (CSI-RS); or a
second synchronization signal (SS) block.

Clause 41. The method of any one of clauses 25 -
40, wherein the detecting the second beam failure
on the secondary cell further comprises determining
that one or more first reference signals (RSs) com-
prise a radio quality lower than a first threshold.

Clause 42. The method of any one of clauses 25 -
41, further comprising detecting, based on a block
error rate (BLER), the second beam failure on the
secondary cell.

Clause 43. The method of any one of clauses 25 -
42, wherein the sending the second preamble via
the second time-frequency resource further com-
prise selecting a candidate reference signals (RS)
from one or more second RSs of the secondary cell,
wherein the selected candidate RS is associated
with a beam failure recovery request (BFRQ) re-
source; and after selecting the candidate RS, send-
ing the second preamble.

Clause 44. The method of any one of clauses 25 -
43, wherein a BFRQ resource on the primary cell
comprises the second preamble and the second
time-frequency resource.

Clause 45. The method of any one of clauses 25 -
44, wherein the second time-frequency resource
comprises one or more of: a time resource on the
primary cell; or a frequency resource on the primary
cell.

Clause 46. The method of any one of clauses 25 -
45, wherein a candidate reference signals (RS) from
one or more second RSs of the secondary cell com-
prises a radio quality higher than a second threshold.

Clause 47. The method of any one of clauses 25 -
46, further comprising determining, based on a layer-
1 reference signal received power (L1-RSRP), a sec-
ond threshold.

Clause 48. The method of any one of clauses 25 -
47, wherein the one or more configuration parame-
ters further indicate: one or more third reference sig-
nals (RSs) of the primary cell; one or more fourth
RSs of the primary cell; or one or more second beam
failure recovery request (BFRQ) resources on the
primary cell.

Clause 49. The method of any one of clauses 25 -
48, wherein the one or more configuration parame-
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ters further indicate an association between each of
the one or more fourth RSs and each of the one or
more second BFRQ resources.

Clause 50. The method of any one of clauses 25 -
49, wherein the detecting the first beam failure on
the primary cell further comprises determining that
one or more third reference signals (RSs) comprise
a radio quality lower than a third threshold.

Clause 51. The method of any one of clauses 25 -
50, wherein the sending the first preamble via the
time-frequency resource occurs after selecting a
second candidate RS in the one or more fourth RSs.

Clause 52. The method of any one of clauses 25 -
51, wherein the second candidate RS is associated
with a second BFRQ resource of the one or more
second BFRQ resources.

Clause 53. The method of any one of clauses 25 -
52, wherein the second BFRQ resource comprises
the first preamble and the time-frequency resource.

Clause 54. A computing device comprising: one or
more processors; and memory storing instructions
that, when executed, cause the computing device to
perform the method of any one of clauses 25 - 53.

Clause 55. A system comprising: a first computing
device configured to perform the method of any one
of clauses 25 - 53; and a second computing device
configured to send the one or more messages.

Clause 56. A computer-readable medium storing in-
structions that, when executed, cause the perform-
ance of the method of any one of clauses 25 - 53.

Clause 57. A method comprising receiving, by a wire-
less device, one or more messages comprising one
or more configuration parameters of a primary cell
and a secondary cell.

Clause 58. The method of clause 57, wherein the
one or more configuration parameters indicate a first
random access resource for a first BFR procedure
of the primary cell, the first random access resource
comprising a first time-frequency resource of the pri-
mary cell and a first preamble.

Clause 59. The method of any one of clauses 57 -
58, wherein the one or more configuration parame-
ters indicate second random access resource for a
second BFR procedure of the secondary cell, the
second random access resource comprising a sec-
ond time-frequency resource of the primary cell and
a second preamble.

Clause 60. The method of any one of clauses 57 -
59, wherein the first preamble is different from the
second preamble.

Clause 61. The method of any one of clauses 57 -
60, wherein the first time-frequency resource is the
same as the second time-frequency resource.

Clause 62. The method of any one of clauses 57 -
61, further comprising sending, based on a first beam
failure on the primary cell, the first preamble via the
first time-frequency resource to perform the first BFR
procedure.

Clause 63. The method of any one of clauses 57 -
62, further comprising sending, based on a second
beam failure on the secondary cell, the second pre-
amble via the second time-frequency resource to
perform the second BFR procedure.

Clause 64. The method of any one of clauses 57 -
63, wherein the one or more configuration parame-
ters further indicate one or more reference signals
(RSs) of the secondary cell.

Clause 65. The method of any one of clauses 57 -
64, wherein the determining the second beam failure
on the secondary cell further comprises determining,
based on a block error rate (BLER), a first threshold;
and determining that the one or more RSs of the
secondary cell comprise a radio quality lower than
the first threshold.

Clause 66. The method of any one of clauses 57 -
65, wherein the one or more configuration parame-
ters further indicate an association between each of
one or more second RSs of the secondary cell and
each of beam failure recovery request (BFRQ) re-
sources on the primary cell.

Clause 67. The method of any one of clauses 57 -
66, wherein one or more first RSs of the secondary
cell comprise one or more of: a first channel state
information reference signal (CSI-RS); or a first syn-
chronization signal (SS) block.

Clause 68. The method of any one of clauses 57 -
67, wherein one or more second RSs of the second-
ary cell comprise one or more of: a second channel
state information reference signal (CSI-RS); or a
second synchronization signal (SS) block.

Clause 69. The method of any one of clauses 57 -
68, wherein the sending the second preamble via
the second time-frequency resource occurs after se-
lecting a candidate RS from the one or more second
RSs.
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Clause 70. The method of any one of clauses 57 -
69, wherein a candidate reference signals (RS) from
one or more second RSs of the secondary cell is
associated with a beam failure recovery request
(BFRQ) resource of one or more BFRQ resources
on the primary cell.

Clause 71. The method of any one of clauses 57 -
70, wherein a candidate reference signals (RS) from
one or more second RSs of the secondary cell com-
prises a radio quality higher than a second threshold.

Clause 72. The method of any one of clauses 57 -
71, further comprising determining, based on a layer-
1 reference signal received power (L1-RSRP), the
second threshold.

Clause 73. The method of any one of clauses 57 -
72, wherein a beam failure recovery request (BFRQ)
resource on the primary cell comprises the second
preamble and the second time-frequency resource.

Clause 74. The method of any one of clauses 57 -
73, wherein the second time-frequency resource
comprises one or more of: a time resource on the
primary cell; or a frequency resource on the primary
cell.

Clause 75. The method of any one of clauses 57 -
74, wherein the one or more configuration parame-
ters further indicate: one or more third reference sig-
nals (RSs) of the primary cell; one or more fourth
reference signals (RSs) of the primary cell; or one
or more second beam failure recovery request
(BFRQ) resources on the primary cell.

Clause 76. A computing device comprising: one or
more processors; and memory storing instructions
that, when executed, cause the computing device to
perform the method of any one of clauses 57 - 75.

Clause 77. A system comprising: a first computing
device configured to perform the method of any one
of clauses 57 - 75; and a second computing device
configured to send the one or more messages.

Clause 78. A computer-readable medium storing in-
structions that, when executed, cause the perform-
ance of the method of any one of clauses 57 - 75.

Clause 79. A method comprising receiving, by a wire-
less device, one or more messages comprising one
or more configuration parameters of a primary cell
and a secondary cell.

Clause 80. The method of clause 79, wherein the
one or more configuration parameters indicate one
or more first reference signals (RSs) of the second-

ary cell.

Clause 81. The method of any one of clauses 79 -
80, further comprising initiating, based on a beam
failure of the secondary cell, a random-access pro-
cedure on the primary cell.

Clause 82. The method of any one of clauses 79 -
81, further comprising sending, via at least a first
random access channel resource of the primary cell,
a first preamble for the random access procedure.

Clause 83. The method of any one of clauses 79 -
82, further comprising deactivating the secondary
cell during the random-access procedure.

Clause 84. The method of any one of clauses 79 -
83, further comprising based on the deactivating the
secondary cell, aborting the random-access proce-
dure on the primary cell.

Clause 85. The method of any one of clauses 79 -
84, wherein the aborting the random-access com-
prises stropping he sending the first preamble.

Clause 86. The method of any one of clauses 79 -
85, wherein the one or more configuration parame-
ters further indicate: one or more second RSs of the
secondary cell; and one or more beam failure recov-
ery request (BFRQ) resources on the primary cell.

Clause 87. The method of any one of clauses 79 -
86, wherein the one or more configuration parame-
ters further comprise an association between each
of one or more second RSs and each of one or more
beam failure recovery request (BFRQ) resources.

Clause 88. The method of any one of clauses 79 -
87, wherein the one or more first RSs comprise one
or more of: a first channel state information reference
signal (CSI-RS); or a first synchronization signal (SS)
block.

Clause 89. The method of any one of clauses 79 -
88, wherein one or more second RSs of the second-
ary cell comprise one or more of: a second channel
state information reference signal (CSI-RS); or a
second synchronization signal (SS) block.

Clause 90. The method of any one of clauses 79 -
89, wherein the detecting the beam failure further
comprises determining that the one or more first RSs
comprise a radio quality lower than a first threshold.

Clause 91. The method of any one of clauses 79 -
90, further comprising detecting, based on a block
error rate (BLER), the beam failure of the secondary
cell.
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Clause 92. The method of any one of clauses 79 -
91, wherein the initiating the random-access proce-
dure further comprises selecting a candidate RS
from the one or more second RSs of the secondary
cell, wherein the candidate RS is associated with a
beam failure recovery request (BFRQ) resource of
one or more BRFQ resources on the primary cell.

Clause 93. The method of any one of clauses 79 -
92, wherein the BFRQ resource comprises the first
preamble and the first random access channel re-
source.

Clause 94. The method of any one of clauses 79 -
93, wherein the first random access channel re-
source comprises one or more of: a time resource
on the primary cell; or a frequency resource on the
primary cell.

Clause 95. The method of any one of clauses 79 -
94, wherein a candidate reference signal (RS) of the
secondary cell comprises a radio quality higher than
a second threshold.

Clause 96. The method of clause 95, further com-
prising determining, based on a layer-1 reference
signal received power (L1-RSRP), the second
threshold.

Clause 97. The method of any one of clauses 79 -
96, wherein the one or more configuration parame-
ters further indicate a deactivation timer of the sec-
ondary cell.

Clause 98. The method of any one of clauses 79 -
97, further comprising receiving a first medium ac-
cess control (MAC) control element (CE); and acti-
vating, based on the receiving the first MAC CE, the
second secondary cell.

Clause 99. The method of clause 98, wherein the
deactivating the second secondary cell further com-
prises: receiving a second medium access control
(MAC) control element (CE); and deactivating,
based on the receiving the second MAC CE, the sec-
ond secondary cell.

Clause 100. The method of any one of clauses 79 -
99, further comprising receiving a first medium ac-
cess control (MAC) control element (CE); and start-
ing, based on the receiving the first MAC CE, a de-
activation timer of the second secondary cell.

Clause 101. The method of any one of clauses 79 -
100, further comprising receiving a second medium
access control (MAC) control element (CE); deter-
mining an expiry of a deactivation timer of the sec-
ondary cell; and deactivating, based on the deter-

mining the expiry of the deactivation timer, the de-
activation timer of the second secondary cell.

Clause 102. A computing device comprising: one or
more processors; and memory storing instructions
that, when executed, cause the computing device to
perform the method of any one of clauses 79 - 101.

Clause 103. A system comprising: a first computing
device configured to perform the method of any one
of clauses 79 - 101; and a second computing device
configured to send the one or more messages.

Clause 104. A computer-readable medium storing
instructions that, when executed, cause the perform-
ance of the method of any one of clauses 79 - 101.

Clause 105. A method comprising receiving, by a
wireless device, one or more messages comprising
one or more configuration parameters of a first sec-
ondary cell and a second secondary cell.

Clause 106. The method of clause 105, wherein the
one or more configuration parameters indicate one
or more first reference signals (RSs) of the second
secondary cell.

Clause 107. The method of any one of clauses 105
- 106, further comprising initiating, based on a beam
failure of the secondary cell, a random-access pro-
cedure on the first secondary cell.

Clause 108. The method of any one of clauses 105
- 107, further comprising sending, via at least a first
random access channel resource of the first second-
ary cell, a first preamble for the random-access pro-
cedure.

Clause 109. The method of any one of clauses 105
- 108, further comprising deactivating the second
secondary cell during the random-access proce-
dure.

Clause 110. The method of any one of clauses 105
- 109, further comprising based on the deactivating
the second secondary cell, aborting the random-ac-
cess procedure on the first secondary cell.

Clause 111. The method of any one of clauses 105
- 110, wherein the aborting the random-access pro-
cedure further comprises stopping the sending the
first preamble on the first secondary cell.

Clause 112. The method of any one of clauses 105
- 111, wherein the one or more configuration param-
eters further indicate: ne or more second RSs of the
second secondary cell; and one or more beam failure
recovery request (BFRQ) resources on the first sec-
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ondary cell.

Clause 113. The method of any one of clauses 105
- 112, wherein the one or more first RSs comprise
one or more of: a first channel state information ref-
erence signal (CSI-RS); or a first synchronization
signal (SS) block.

Clause 114. The method of any one of clauses 105
- 113, wherein one or more second reference signals
(RSs) comprise one or more of: a second channel
state information reference signal (CSI-RS); or a
second synchronization signal (SS) block.

Clause 115. The method of any one of clauses 105
- 114, wherein the detecting the beam failure further
comprises determining that the one or more first RSs
comprise a radio quality lower than a first threshold.

Clause 116. The method of any one of clauses 105
- 115, further comprising detecting, based on a block
error rate (BLER), the beam failure of the second
secondary cell.

Clause 117. The method of any one of clauses 105
- 116, wherein the initiating the random-access pro-
cedure further comprises determining, based on a
layer-1 reference signal received power (L1-RSRP),
a second threshold; and selecting a candidate RS
from one or more second RSs of the second sec-
ondary cell, wherein the candidate RS has a radio
quality higher than the second threshold.

Clause 118. The method of any one of clauses 105
- 117, wherein the initiating the random-access pro-
cedure further comprises selecting a candidate RS
from the one or more second RSs of the second sec-
ondary cell, wherein the candidate RS is associated
with a beam failure recovery request (BFRQ) re-
source of one or more BRFQ resources on the first
secondary cell.

Clause 119. The method of any one of clauses 105
- 118, wherein a beam failure recovery request
(BFRQ) resource on the second secondary cell com-
prises the first preamble and the random access
channel resource.

Clause 120. The method of any one of clauses 105
- 119, wherein a candidate reference signal (RS) of
the second secondary cell comprises a radio quality
higher than a second threshold.

Clause 121. The method of clause 120, further com-
prising determining, based on a layer-1 reference
signal received power (L1-RSRP), the second
threshold.

Clause 122. The method of any one of clauses 105
- 121, wherein the one or more configuration param-
eters further indicate a deactivation timer of the sec-
ond secondary cell.

Clause 123. The method of any one of clauses 105
- 122, further comprising receiving a first medium
access control (MAC) control element (CE); and ac-
tivating, based on the receiving the first MAC CE,
the second secondary cell.

Clause 124. The method of any one of clauses 105
- 123, further comprising receiving a second medium
access control (MAC) control element (CE); and de-
activating, based on the receiving the second MAC
CE, the second secondary cell.

Clause 125. The method of any one of clauses 105
- 124, further comprising receiving a first medium
access control (MAC) control element (CE); and
starting, based on the receiving the first MAC CE, a
deactivation timer of the second secondary cell.

Clause 126. The method of any one of clauses 105
- 125, wherein the deactivating the second second-
ary cell comprises determining an expiry of a deac-
tivation timer of the second secondary cell.

Clause 127. The method of any one of clauses 105
- 126, wherein the deactivating the second second-
ary cell comprises deactivating, based on the deter-
mining the expiry of the deactivation timer, the de-
activation timer of the second secondary cell.

Clause 128. A computing device comprising: one or
more processors; and memory storing instructions
that, when executed, cause the computing device to
perform the method of any one of clauses 105 - 127.

Clause 129. A system comprising: a first computing
device configured to perform the method of any one
of clauses 105 - 127; and a second computing device
configured to send the one or more messages.

Clause 130. A computer-readable medium storing
instructions that, when executed, cause the perform-
ance of the method of any one of clauses 105 - 127.

Clause 131. A method comprising sending, by a
base station and to a wireless device, one or more
messages comprising one or more configuration pa-
rameters of a primary cell and a secondary cell.

Clause 132. The method of clause 131, further com-
prising receiving, via a first random access channel
resource of the primary cell and based on a beam
failure of the secondary cell, a first preamble for a
random-access procedure.
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Clause 133. The method of any one of clauses 131
- 132, further comprising deactivating the secondary
cell during the random-access procedure.

Clause 134. The method of any one of clauses 131
- 133, further comprising based on the deactivating
the secondary cell, aborting transmission of a ran-
dom-access response for the random-access pro-
cedure.

Clause 135. The method of any one of clauses 131
- 134, wherein the one or more configuration param-
eters indicate one or more first reference signals
(RSs) of the secondary cell.

Clause 136. The method of any one of clauses 131
- 135, wherein the one or more configuration param-
eters further indicate one or more second reference
signals (RSs) of the secondary cell and one or more
beam failure recovery request (BFRQ) resources on
the primary cell.

Clause 137. The method of any one of clauses 131
- 136, wherein the one or more configuration param-
eters further indicate an association between each
of one or more second reference signals (RSs) of
the secondary cell and each of one or more beam
failure recovery request (BFRQ) resources on the
primary cell.

Clause 138. The method of any one of clauses 131
- 137, wherein one or more first reference signals
(RSs) of the secondary cell comprise one or more
of: a first channel state information reference signal
(CSI-RSs); or a first synchronization signal (SS)
block.

Clause 139. The method of any one of clauses 131
- 138, wherein one or more second reference signals
(RSs) of the secondary cell comprise one or more
of: a second channel state information reference sig-
nal (CSI-RSs); or a second synchronization signal
(SS) block.

Clause 140. The method of any one of clauses 131
- 139, wherein the one or more configuration param-
eters further indicate a deactivation timer of the sec-
ondary cell.

Clause 141. The method of any one of clauses 131
- 140, wherein the deactivating the secondary cell
further comprises sending a medium-access control
(MAC) control element (CE) to deactivate the sec-
ondary cell.

Clause 142. The method of any one of clauses 131
- 141, wherein the deactivating the secondary cell
further comprises determining an expiry of a deacti-

vation timer of the secondary cell.

Clause 143. A computing device comprising: one or
more processors; and memory storing instructions
that, when executed, cause the computing device to
perform the method of any one of clauses 131 - 142.

Clause 144. A system comprising: a first computing
device configured to perform the method of any one
of clauses 131 - 142; and a second computing device
configured to receive the one or more messages.

Clause 145. A computer-readable medium storing
instructions that, when executed, cause the perform-
ance of the method of any one of clauses 131 - 142.

Clause 146. A method comprising receiving, by a
wireless device, one or more configuration parame-
ters of a primary cell and a secondary cell.

Clause 147. The method of clause 146, wherein the
one or more configuration parameters indicate a con-
trol resource set (coreset) on the primary cell for
beam failure recovery of the primary cell and the sec-
ondary cell.

Clause 148. The method of any one of clauses 146
- 147, further comprising initiating, based on a first
beam failure of the primary cell, a first beam failure
recovery procedure by sending a first preamble.

Clause 149. The method of any one of clauses 146
- 148, further comprising monitoring the coreset for
a first downlink control information (DCI) comprising
a first resource grant for the primary cell.

Clause 150. The method of any one of clauses 146
- 149, further comprising receiving the first DCI.

Clause 151. The method of any one of clauses 146
- 150, further comprising determining, based on the
receiving the first DCI, that the first beam failure re-
covery procedure has completed.

Clause 152. The method of any one of clauses 146
- 151, further comprising initiating, based on a sec-
ond beam failure of the secondary cell, a second
beam failure recovery procedure by sending a sec-
ond preamble.

Clause 153. The method of any one of clauses 146
- 152, further comprising monitoring the coreset for
a second DCI comprising a second resource grant
for the secondary cell.

Clause 154. The method of any one of clauses 146
- 153, further comprising receiving the second DCI.
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Clause 155. The method of any one of clauses 146
- 154, further comprising determining, based on the
receiving the second DCI, that the second beam fail-
ure recovery procedure has completed.

Clause 156. The method of any one of clauses 146
- 155, wherein the one or more configuration param-
eters further indicate one or more first reference sig-
nals (RSs) of the secondary cell.

Clause 157. The method of any one of clauses 146
- 156, wherein the one or more configuration param-
eters further comprise: one or more second refer-
ence signals (RSs) of the secondary cell; and one
or more beam failure recovery request (BFRQ) re-
sources on the primary cell.

Clause 158. The method of any one of clauses 146
- 157, wherein the one or more configuration param-
eters further indicate an association between each
of one or more second RSs of the secondary cell
and each of one or more BFRQ resources on the
primary cell.

Clause 159. The method of any one of clauses 146
- 158, wherein one or more first RSs of the secondary
cell comprise one or more of: a first channel state
information reference signal (CSI-RS); or a first syn-
chronization signal (SS) block.

Clause 160. The method of any one of clauses 146
- 159, wherein one or more second RSs of the sec-
ondary cell comprise one or more of: a second chan-
nel state information reference signal (CSI-RS); or
a second synchronization signal (SS) block.

Clause 161. The method of any one of clauses 146
- 160, wherein the detecting the second beam failure
of the secondary cell comprises determining, based
on a block error rate (BLER), a first threshold; and
determining that the one or more first RSs of the
secondary cell comprise a radio quality lower than
the first threshold.

Clause 162. The method of any one of clauses 146
- 161, wherein the initiating the second beam failure
recovery procedure further comprises selecting a
candidate reference signals (RS) from one or more
second RSs of the secondary cell, wherein the can-
didate RS is associated with a beam failure recovery
request (BFRQ) resource of one or more BRFQ re-
sources on the primary cell.

Clause 163. The method of any one of clauses 146
- 162, wherein a beam failure recovery request
(BFRQ) resource on the primary cell comprises the
second preamble and at least a first random access
channel resource.

Clause 164. The method of any one of clauses 146
- 163, wherein a candidate reference signal (RS) of
the secondary cell comprises a radio quality higher
than a second threshold.

Clause 165. The method of clause 164, further com-
prising determining, based on a layer-1 reference
signal received power (L1-RSRP), the second
threshold.

Clause 166. The method of any one of clauses 146
- 165, wherein the monitoring the coreset for the sec-
ond DCI comprises monitoring, for the second DCI,
a downlink control channel in the coreset.

Clause 167. The method of any one of clauses 146
- 166, wherein the second DCI comprises a cell-radio
network temporary identifier (C-RNTI) associated
with the wireless device.

Clause 168. The method of any one of clauses 146
- 167, wherein the second DCI is received on the
coreset.

Clause 169. The method of any one of clauses 146
- 168, wherein the second resource grant comprises
a downlink assignment.

Clause 170. The method of any one of clauses 146
- 168, wherein the second resource grant comprises
an uplink grant.

Clause 171. A computing device comprising: one or
more processors; and memory storing instructions
that, when executed, cause the computing device to
perform the method of any one of clauses 146 - 170.

Clause 172. A system comprising: a first computing
device configured to perform the method of any one
of clauses 146 - 170; and a second computing device
configured to receive the one or more configuration
parameters.

Clause 173. A computer-readable medium storing
instructions that, when executed, cause the perform-
ance of the method of any one of clauses 146 - 170.

Clause 174. A method comprising receiving, by a
wireless device, one or more messages comprising
one or more configuration parameters of a primary
cell and a secondary cell.

Clause 175. The method of clause 174, wherein the
one or more configuration parameters indicate a con-
trol resource set (coreset), for the primary cell and
the secondary cell, on the primary cell.

Clause 176. The method of any one of clauses 174
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- 175, further comprising initiating, based on a first
beam failure, a first random-access procedure for a
first beam failure recovery of the primary cell.

Clause 177. The method of any one of clauses 174
- 176, further comprising monitoring the coreset for
a first downlink control information (DCI) comprising
a first resource grant for the primary cell.

Clause 178. The method of any one of clauses 174
- 177, further comprising receiving the first DCI in
the coreset.

Clause 179. The method of any one of clauses 174
- 178, further comprising determining, based on the
receiving the first DCI in the coreset, that the first
random-access procedure has completed.

Clause 180. The method of any one of clauses 174
- 179, further comprising initiating, based on a sec-
ond beam failure, a second random-access proce-
dure for a second beam failure recovery of the sec-
ondary cell.

Clause 181. The method of any one of clauses 174
- 180, further comprising monitoring the coreset for
a second DCI comprising a second resource grant
for the secondary cell.

Clause 182. The method of any one of clauses 174
- 181, further comprising receiving the second DCI
in the coreset.

Clause 183. The method of any one of clauses 174
- 182, further comprising determining, based on the
receiving the second DCI in the coreset, that the sec-
ond random-access procedure has completed.

Clause 184. The method of any one of clauses 174
- 183, wherein the one or more configuration param-
eters further indicate one or more reference signals
(RSs) of the secondary cell for detecting the second
beam failure of the secondary cell.

Clause 185. The method of any one of clauses 174
- 184, wherein the one or more configuration param-
eters further comprise: one or more second refer-
ence signals (RSs) of the secondary cell; and one
or more beam failure recovery request (BFRQ) re-
sources on the primary cell.

Clause 186. The method of any one of clauses 174
- 185, wherein the one or more configuration param-
eters further indicate an association between each
of one or more second RSs of the secondary cells
and each of one or more BFRQ resources on the
primary cell.

Clause 187. The method of any one of clauses 174
- 186, wherein the one or more first reference signals
(RSs) comprise one or more of: a first channel state
information reference signal (CSI-RS); or a first syn-
chronization signal (SS) block.

Clause 188. The method of any one of clauses 174
- 187, wherein the one or more second reference
signals (RSs) of the secondary cell comprise one or
more of: a second channel state information refer-
ence signal (CSI-RS); or a second synchronization
signal (SS) block.

Clause 189. The method of any one of clauses 174
- 188, wherein the detecting the second beam failure
further comprises: determining, based on a block er-
ror rate (BLER), a first threshold; and determining
that one or more first RSs of the secondary cell com-
prises a radio quality lower than the first threshold.

Clause 190. The method of any one of clauses 174
- 189, further comprising detecting, based on a block
error rate (BLER), the beam failure of the secondary
cell.

Clause 191. The method of any one of clauses 174
- 190, wherein the initiating the first random-access
procedure further comprises selecting a candidate
reference signal (RS) from one or more second RSs
of the secondary cell, wherein the candidate RS is
associated with a beam failure recovery request
(BFRQ) resource of one or more BRFQ resources
on the primary cell.

Clause 192. The method of any one of clauses 174
- 191, wherein a beam failure recovery request
(BFRQ) resource on the primary cell comprises a
first preamble and the first random access channel
resource.

Clause 193. The method of any one of clauses 174
- 192, wherein the first random access channel re-
source comprises one or more of: a time resource
on the primary cell; or a frequency resource on the
primary cell.

Clause 194. The method of any one of clauses 174
- 193, further comprising: determining, based on lay-
er-1 reference signal received power (L1-RSRP), a
second threshold; and selecting a candidate RS from
one or more second RSs of the secondary cell,
wherein the selected RS comprises a radio quality
higher than the second threshold.

Clause 195. The method of any one of clauses 174
- 194, wherein the monitoring the coreset for the sec-
ond DCI comprises monitoring a downlink control
channel in the coreset.
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Clause 196. The method of any one of clauses 174
- 195, wherein the second DCI comprises a cell-radio
network temporary identifier (C-RNTI) associated
with the wireless device.

Clause 197. The method of any one of clauses 174
- 196, wherein the second DCI is received on the
coreset.

Clause 198. The method of any one of clauses 174
- 197, wherein the second resource grant comprises
a downlink assignment.

Clause 199. The method of any one of clauses 174
- 198, wherein the second resource grant comprises
an uplink grant.

Clause 200. A computing device comprising: one or
more processors; and memory storing instructions
that, when executed, cause the computing device to
perform the method of any one of clauses 174 - 199.

Clause 201. A system comprising: a first computing
device configured to perform the method of any one
of clauses 174 - 199; and a second computing device
configured to receive the one or more messages.

Clause 202. A computer-readable medium storing
instructions that, when executed, cause the perform-
ance of the method of any one of clauses 174 - 199.

Clause 203. A method comprising receiving, by a
wireless device from a base station, one or more
messages comprising one or more configuration pa-
rameters of a primary cell and a secondary cell.

Clause 204. The method of clause 203, wherein the
one or more configuration parameters indicate a con-
trol resource set (coreset), for the primary cell and
the secondary cell, on the primary cell.

Clause 205. The method of any one of clauses 203
- 204, further comprising initiating, based on one or
more beam failures, one or more random-access
procedures for one or more beam failure recoveries
of the primary cell and the secondary cell.

Clause 206. The method of any one of clauses 203
- 205, further comprising monitoring the coreset for
one or more sets of downlink control information
(DCI).

Clause 207. The method of any one of clauses 203
- 206, further comprising receiving the one or more
sets of DCI in the coreset.

Clause 208. The method of any one of clauses 203
- 207, further comprising determining, based on the

receiving the one or more sets of DCI in the coreset,
that the one or more random-access procedures
have completed.

Clause 209. The method of any one of clauses 203
- 208, further comprising wherein the monitoring the
coreset for the one or more sets of DCI further com-
prise monitoring a downlink control channel in the
coreset for the one or more sets of DCI.

Clause 210. The method of any one of clauses 203
- 209, wherein the one or more sets of DCI comprise
a cell-radio network temporary identifier (C-RNTI)
associated with the wireless device.

Clause 211. The method of any one of clauses 203
- 210, wherein the one or more configuration param-
eters further indicate one or more first reference sig-
nals (RSs) of the secondary cell.

Clause 212. The method of any one of clauses 203
- 211, wherein the one or more configuration param-
eters further indicate: one or more second reference
signals RSs of the secondary cell; and one or more
beam failure recovery request (BFRQ) resources on
the primary cell.

Clause 213. The method of any one of clauses 203
- 212, wherein the one or more configuration param-
eters further indicate an association between each
of one or more second reference signals (RSs) of
the secondary cell and each of one or more beam
failure recovery request (BFRQ) resources on the
primary cell.

Clause 214. The method of any one of clauses 203
- 213, wherein one or more first reference signals
(RSs) of the secondary cell comprise one or more
of: a first channel state information reference signal
(CSI-RS); or a first synchronization signal (SS) block.

Clause 215. The method of any one of clauses 203
- 214, wherein one or more second reference signals
(RSs) of the secondary cell comprise one or more
of: a second channel state information reference sig-
nal (CSI-RS); or a second synchronization signal
(SS) block.

Clause 216. The method of any one of clauses 203
- 215, wherein a random access channel resource
on the primary cell comprises one or more of: a time
resource on the primary cell; or a frequency resource
on the primary cell.

Clause 217. The method of any one of clauses 203
- 216, further comprising determining, based on a
layer-1 reference signal received power (L1-RSRP),
the second threshold.
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Clause 218. The method of any one of clauses 203
- 217, wherein the monitoring the coreset for the one
or more sets of downlink control information (DCI)
comprises monitoring a downlink control channel in
the coreset.

Clause 219. A computing device comprising: one or
more processors; and memory storing instructions
that, when executed, cause the computing device to
perform the method of any one of clauses 203 - 218.

Clause 220. A system comprising: a first computing
device configured to perform the method of any one
of clauses 203 - 218; and a second computing device
configured to receive the one or more messages.

Clause 221. A computer-readable medium storing
instructions that, when executed, cause the perform-
ance of the method of any one of clauses 203 - 218.

[0292] FIG. 35 shows general hardware elements that
may be used to implement any of the various computing
devices discussed herein, including, e.g., the base sta-
tion 120A and/or 120B, the wireless device 110 (e.g.,
110A and/or 110B), or any other base station, wireless
device, or computing device described herein. The com-
puting device 3500 may include one or more processors
3501, which may execute instructions stored in the ran-
dom access memory (RAM) 3503, the removable media
3504 (such as a Universal Serial Bus (USB) drive, com-
pact disk (CD) or digital versatile disk (DVD), or floppy
disk drive), or any other desired storage medium. Instruc-
tions may also be stored in an attached (or internal) hard
drive 3505. The computing device 3500 may also include
a security processor (not shown), which may execute
instructions of one or more computer programs to monitor
the processes executing on the processor 3501 and any
process that requests access to any hardware and/or
software components of the computing device 3500 (e.g.,
ROM 3502, RAM 3503, the removable media 3504, the
hard drive 3505, the device controller 3507, a network
interface 3509, a GPS 3511, a Bluetooth interface 3512,
a WiFi interface 3513, etc.). The computing device XX00
may include one or more output devices, such as the
display 3506 (e.g., a screen, a display device, a monitor,
a television, etc.), and may include one or more output
device controllers 3507, such as a video processor.
There may also be one or more user input devices 3508,
such as a remote control, keyboard, mouse, touch
screen, microphone, etc. The computing device 3500
may also include one or more network interfaces, such
as a network interface 3509, which may be a wired inter-
face, a wireless interface, or a combination of the two.
The network interface 3509 may provide an interface for
the computing device 3500 to communicate with a net-
work 3510 (e.g., a RAN, or any other network). The net-
work interface 3509 may include a modem (e.g., a cable
modem), and the external network 3510 may include

communication links, an external network, an in-home
network, a provider’s wireless, coaxial, fiber, or hybrid
fiber/coaxial distribution system (e.g., a DOCSIS net-
work), or any other desired network. Additionally, the
computing device 3500 may include a location-detecting
device, such as a global positioning system (GPS) mi-
croprocessor 3511, which may be configured to receive
and process global positioning signals and determine,
with possible assistance from an external server and an-
tenna, a geographic position of the computing device
3500.
[0293] The example in FIG. 35 may be a hardware con-
figuration, although the components shown may be im-
plemented as software as well. Modifications may be
made to add, remove, combine, divide, etc. components
of the computing device 3500 as desired. Additionally,
the components may be implemented using basic com-
puting devices and components, and the same compo-
nents (e.g., processor 3501, ROM storage 3502, display
3506, etc.) may be used to implement any of the other
computing devices and components described herein.
For example, the various components described herein
may be implemented using computing devices having
components such as a processor executing computer-
executable instructions stored on a computer-readable
medium, as shown in FIG. 35. Some or all of the entities
described herein may be software based, and may co-
exist in a common physical platform (e.g., a requesting
entity may be a separate software process and program
from a dependent entity, both of which may be executed
as software on a common computing device).
[0294] The disclosed mechanisms herein may be per-
formed if certain criteria are met, for example, in a wire-
less device, a base station, a radio environment, a net-
work, a combination of the above, and/or the like. Exam-
ple criteria may be based on, for example, wireless device
and/or network node configurations, traffic load, initial
system set up, packet sizes, traffic characteristics, a com-
bination of the above, and/or the like. If the one or more
criteria are met, various examples may be used. It may
be possible to implement examples that selectively im-
plement disclosed protocols.
[0295] A base station may communicate with a mix of
wireless devices. Wireless devices and/or base stations
may support multiple technologies, and/or multiple re-
leases of the same technology. Wireless devices may
have some specific capability(ies) depending on wireless
device category and/or capability(ies). A base station
may comprise multiple sectors. A base station commu-
nicating with a plurality of wireless devices may refer to
base station communicating with a subset of the total
wireless devices in a coverage area. Wireless devices
referred to herein may correspond to a plurality of wire-
less devices of a particular LTE or 5G release with a
given capability and in a given sector of a base station.
A plurality of wireless devices may refer to a selected
plurality of wireless devices, and/or a subset of total wire-
less devices in a coverage area. Such devices may op-
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erate, function, and/or perform based on or according to
drawings and/or descriptions, and/or the like. There may
be a plurality of base stations or a plurality of wireless
devices in a coverage area that may not comply with the
disclosed methods, for example, because those wireless
devices and/or base stations perform based on older re-
leases of LTE or 5G technology.
[0296] One or more features of the description may be
implemented in a computer-usable data and/or compu-
ter-executable instructions, such as in one or more pro-
gram modules, executed by one or more computers or
other devices. Generally, program modules include rou-
tines, programs, objects, components, data structures,
etc. that perform particular tasks or implement particular
abstract data types when executed by a processor in a
computer or other data processing device. The computer
executable instructions may be stored on one or more
computer readable media such as a hard disk, optical
disk, removable storage media, solid state memory,
RAM, etc. The functionality of the program modules may
be combined or distributed as desired. The functionality
may be implemented in whole or in part in firmware or
hardware equivalents such as integrated circuits, field
programmable gate arrays (FPGA), and the like. Partic-
ular data structures may be used to more effectively im-
plement one or more features of the description, and such
data structures are contemplated within the scope of
computer executable instructions and computer-usable
data described herein.
[0297] Many of the elements in examples may be im-
plemented as modules. A module may be an isolatable
element that performs a defined function and has a de-
fined interface to other elements. The modules may be
implemented in hardware, software in combination with
hardware, firmware, wetware (i.e., hardware with a bio-
logical element) or a combination thereof, all of which
may be behaviorally equivalent. For example, modules
may be implemented as a software routine written in a
computer language configured to be executed by a hard-
ware machine (such as C, C++, Fortran, Java, Basic,
Matlab or the like) or a modeling/simulation program such
as Simulink, Stateflow, GNU Octave, or LabVIEWMath-
Script. Additionally or alternatively, it may be possible to
implement modules using physical hardware that incor-
porates discrete or programmable analog, digital and/or
quantum hardware. Examples of programmable hard-
ware may comprise: computers, microcontrollers, micro-
processors, application-specific integrated circuits
(ASICs); field programmable gate arrays (FPGAs); and
complex programmable logic devices (CPLDs). Comput-
ers, microcontrollers, and microprocessors may be pro-
grammed using languages such as assembly, C, C++ or
the like. FPGAs, ASICs, and CPLDs may be programmed
using hardware description languages (HDL), such as
VHSIC hardware description language (VHDL) or Ver-
ilog, which may configure connections between internal
hardware modules with lesser functionality on a program-
mable device. The above-mentioned technologies may

be used in combination to achieve the result of a func-
tional module.
[0298] A non-transitory tangible computer readable
media may comprise instructions executable by one or
more processors configured to cause operations of multi-
carrier communications described herein. An article of
manufacture may comprise a non-transitory tangible
computer readable machine-accessible medium having
instructions encoded thereon for enabling programmable
hardware to cause a device (e.g., a wireless device, wire-
less communicator, a wireless device, a base station,
and the like) to allow operation of multi-carrier commu-
nications described herein. The device, or one or more
devices such as in a system, may include one or more
processors, memory, interfaces, and/or the like. Other
examples may comprise communication networks com-
prising devices such as base stations, wireless devices
or user equipment (wireless device), servers, switches,
antennas, and/or the like. A network may comprise any
wireless technology, including but not limited to, cellular,
wireless, WiFi, 4G, 5G, any generation of 3GPP or other
cellular standard or recommendation, wireless local area
networks, wireless personal area networks, wireless ad
hoc networks, wireless metropolitan area networks, wire-
less wide area networks, global area networks, space
networks, and any other network using wireless commu-
nications. Any device (e.g., a wireless device, a base
station, or any other device) or combination of devices
may be used to perform any combination of one or more
of steps described herein, including, for example, any
complementary step or steps of one or more of the above
steps.
[0299] Although examples are described above, fea-
tures and/or steps of those examples may be combined,
divided, omitted, rearranged, revised, and/or augmented
in any desired manner. Various alterations, modifica-
tions, and improvements will readily occur to those skilled
in the art. Such alterations, modifications, and improve-
ments are intended to be part of this description, though
not expressly stated herein, and are intended to be within
the spirit and scope of the description. Accordingly, the
foregoing description is by way of example only, and is
not limiting.

Claims

1. A method comprising:

receiving, by a wireless device, one or more
messages comprising one or more configuration
parameters of a primary cell and a secondary
cell, wherein the one or more configuration pa-
rameters indicate:

a first preamble for a first beam failure re-
covery (BFR) procedure of the primary cell;
a second preamble for a second BFR pro-
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cedure of the secondary cell, wherein the
first preamble is different from the second
preamble; and
a time-frequency resource associated with
the primary cell associated with the first BFR
procedure and the second BFR procedure;

sending, based on a first beam failure associat-
ed with the primary cell, the first preamble via
the time-frequency resource associated with the
primary cell to perform the first BFR procedure;
and
sending, based on a second beam failure asso-
ciated with the secondary cell, the second pre-
amble via the time-frequency resource associ-
ated with the primary cell to perform the second
BFR procedure.

2. The method of claim 1, wherein the one or more con-
figuration parameters further indicate:

one or more first reference signals (RSs) of the
secondary cell;
one or more second RSs of the secondary cell;
or
one or more beam failure recovery request
(BFRQ) resources associated with the primary
cell

3. The method of any one of the preceding claims,
wherein the one or more configuration parameters
further indicate an association between each of one
or more second reference signals (RSs) of the sec-
ondary cell and each of one or more beam failure
recovery request (BFRQ) resources associated with
the primary cell.

4. The method of any one of the preceding claims,
wherein at least one of one or more beam failure
recovery request (BFRQ) resources comprise the
second preamble and the time-frequency resource.

5. The method of any one of the preceding claims,
wherein one or more first reference signals (RSs)
comprise one or more of:

a first channel state information reference signal
(CSI-RS); or
a first synchronization signal (SS) block.

6. The method of any one of the preceding claims,
wherein one or more second reference signals (RSs)
of the secondary cell comprise one or more of:

a second channel state information reference
signal (CSI-RSs); or
a second synchronization signal (SS) block.

7. The method of any one of the preceding claims,
wherein the detecting the second beam failure as-
sociated with the secondary cell further comprises:
determining that one or more first reference signals
(RSs) comprise a radio quality lower than a first
threshold.

8. The method of any one of the preceding claims, fur-
ther comprising:
detecting, based on a block error rate (BLER), the
second beam failure associated with the secondary
cell.

9. The method of any one of the preceding claims,
wherein the sending the second preamble via the
time-frequency resource further comprises:

selecting a candidate reference signal (RS) of
one or more second RSs of the secondary cell,
wherein the selected candidate RS is associat-
ed with a beam failure recovery request (BFRQ)
resource; and
after selecting the candidate RS, sending the
second preamble.

10. The method of any one of the preceding claims,
wherein the time-frequency resource comprises one
or more of:

a time resource associated with the primary cell;
or
a frequency resource associated with the prima-
ry cell.

11. The method of any one of the preceding claims,
wherein the candidate reference signal (RS) com-
prises a radio quality higher than a second threshold.

12. The method of claim 11, further comprising:
determining, based on a layer-1 reference signal re-
ceived power (L1-RSRP), the second threshold.

13. A computing device comprising:

one or more processors; and
memory storing instructions that, when execut-
ed, cause the computing device to perform the
method of any one of claims 1 - 12.

14. A system comprising:

a first computing device configured to perform
the method of any one of claims 1 - 12; and
a second computing device configured to send
the one or more messages.

15. A computer-readable medium storing instructions
that, when executed, cause the performance of the
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method of any one of claims 1 - 12.
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