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Description

BACKGROUND

Field

[0001] The present disclosure relates generally to
communication systems, and more particularly, to beam
selection in wireless communication between a user
equipment and a base station.

Background

[0002] Wireless communication systems are widely
deployed to provide various telecommunication services
such as telephony, video, data, messaging, and broad-
casts. Typical wireless communication systems may em-
ploy multiple-access technologies capable of supporting
communication with multiple users by sharing available
system resources. Examples of such multiple-access
technologies include code division multiple access (CD-
MA) systems, time division multiple access (TDMA) sys-
tems, frequency division multiple access (FDMA) sys-
tems, orthogonal frequency division multiple access
(OFDMA) systems, single-carrier frequency division mul-
tiple access (SC-FDMA) systems, and time division syn-
chronous code division multiple access (TD-SCDMA)
systems.
[0003] These multiple access technologies have been
adopted in various telecommunication standards to pro-
vide a common protocol that enables different wireless
devices to communicate on a municipal, national, region-
al, and even global level. An example telecommunication
standard is Long Term Evolution (LTE). LTE is a set of
enhancements to the Universal Mobile Telecommunica-
tions System (UMTS) mobile standard promulgated by
Third Generation Partnership Project (3GPP). LTE is de-
signed to support mobile broadband access through im-
proved spectral efficiency, lowered costs, and improved
services using OFDMA on the downlink, SC-FDMA on
the uplink, and multiple-input multiple-output (MIMO) an-
tenna technology. However, as the demand for mobile
broadband access continues to increase, there exists a
need for further improvements in LTE technology. These
improvements may also be applicable to other multi-ac-
cess technologies and the telecommunication standards
that employ these technologies.
[0004] US 2016/353510 A1 describes apparatus and
methods to handle intermittent disconnections in a milli-
metre wave (mmW) system.

SUMMARY

[0005] The following presents a simplified summary of
one or more aspects in order to provide a basic under-
standing of such aspects. This summary is not an exten-
sive overview of all contemplated aspects, and is intend-
ed to neither identify key or critical elements of all aspects

nor delineate the scope of any or all aspects. Its sole
purpose is to present some concepts of one or more as-
pects in a simplified form as a prelude to the more detailed
description that is presented later.
[0006] The invention is defined by the appended set
of claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

FIG. 1 is a diagram illustrating an example of a wire-
less communications system and an access net-
work.
FIGs. 2A, 2B, 2C, and 2D are diagrams illustrating
LTE examples of a DL frame structure, DL channels
within the DL frame structure, an UL frame structure,
and UL channels within the UL frame structure, re-
spectively.
FIG. 3 is a diagram illustrating an example of an
evolved Node B (eNB) and user equipment (UE) in
an access network.
FIG. 4 is a diagram illustrating a base station in com-
munication with a UE.
FIGs. 5A and 5B are diagrams illustrating an exam-
ple of the transmission of beamformed signals be-
tween a base station and a UE.
FIG. 6A through 6D illustrate diagrams of a wireless
communications system.
FIG. 7 is an example diagram illustrating communi-
cation between a user equipment and a base station
to select a beam.
FIG. 8 is a flowchart of a method of wireless com-
munication.
FIG. 9A is a flowchart of a method of wireless com-
munication, expanding from the flowchart of FIG. 8.
FIG. 9B is a flowchart of a method of wireless com-
munication, expanding from the flowchart of FIG. 8.
FIG. 10 is a conceptual data flow diagram illustrating
the data flow between different means/components
in an exemplary apparatus.
FIG. 11 is a diagram illustrating an example of a hard-
ware implementation for an apparatus employing a
processing system.
FIG. 12 is a flowchart of a method of wireless com-
munication.
FIG. 13A is a flowchart of a method of wireless com-
munication, expanding from the flowchart of FIG. 12.
FIG. 13B is a flowchart of a method of wireless com-
munication, expanding from the flowchart of FIG. 12.
FIG. 14 is a flowchart of a method of wireless com-
munication, expanding from the flowchart of FIG. 12.
FIG. 15 is a conceptual data flow diagram illustrating
the data flow between different means/components
in an exemplary apparatus.
FIG. 16 is a diagram illustrating an example of a hard-
ware implementation for an apparatus employing a
processing system.
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DETAILED DESCRIPTION

[0008] The detailed description set forth below in con-
nection with the appended drawings is intended as a de-
scription of various configurations and is not intended to
represent the only configurations in which the concepts
described herein may be practiced. The detailed descrip-
tion includes specific details for the purpose of providing
a thorough understanding of various concepts. However,
it will be apparent to those skilled in the art that these
concepts may be practiced without these specific details.
In some instances, well known structures and compo-
nents are shown in block diagram form in order to avoid
obscuring such concepts.
[0009] Several aspects of telecommunication systems
will now be presented with reference to various apparatus
and methods. These apparatus and methods will be de-
scribed in the following detailed description and illustrat-
ed in the accompanying drawings by various blocks,
components, circuits, processes, algorithms, etc. (collec-
tively referred to as "elements"). These elements may be
implemented using electronic hardware, computer soft-
ware, or any combination thereof. Whether such ele-
ments are implemented as hardware or software de-
pends upon the particular application and design con-
straints imposed on the overall system.
[0010] By way of example, an element, or any portion
of an element, or any combination of elements may be
implemented as a "processing system" that includes one
or more processors. Examples of processors include mi-
croprocessors, microcontrollers, graphics processing
units (GPUs), central processing units (CPUs), applica-
tion processors, digital signal processors (DSPs), re-
duced instruction set computing (RISC) processors, sys-
tems on a chip (SoC), baseband processors, field pro-
grammable gate arrays (FPGAs), programmable logic
devices (PLDs), state machines, gated logic, discrete
hardware circuits, and other suitable hardware config-
ured to perform the various functionality described
throughout this disclosure. One or more processors in
the processing system may execute software. Software
shall be construed broadly to mean instructions, instruc-
tion sets, code, code segments, program code, pro-
grams, subprograms, software components, applica-
tions, software applications, software packages, rou-
tines, subroutines, objects, executables, threads of exe-
cution, procedures, functions, etc., whether referred to
as software, firmware, middleware, microcode, hardware
description language, or otherwise.
[0011] Accordingly, in one or more example embodi-
ments, the functions described may be implemented in
hardware, software, or any combination thereof. If imple-
mented in software, the functions may be stored on or
encoded as one or more instructions or code on a com-
puter-readable medium. Computer-readable media in-
cludes computer storage media. Storage media may be
any available media that can be accessed by a computer.
By way of example, and not limitation, such computer-

readable media can comprise a random-access memory
(RAM), a read-only memory (ROM), an electrically eras-
able programmable ROM (EEPROM), optical disk stor-
age, magnetic disk storage, other magnetic storage de-
vices, combinations of the aforementioned types of com-
puter-readable media, or any other medium that can be
used to store computer executable code in the form of
instructions or data structures that can be accessed by
a computer.
[0012] FIG. 1 is a diagram illustrating an example of a
wireless communications system and an access network
100. The wireless communications system (also referred
to as a wireless wide area network (WWAN)) includes
base stations 102, UEs 104, and an Evolved Packet Core
(EPC) 160. The base stations 102 may include macro
cells (high power cellular base station) and/or small cells
(low power cellular base station). The macro cells include
base stations. The small cells include femtocells, pico-
cells, and microcells.
[0013] The base stations 102 (collectively referred to
as Evolved Universal Mobile Telecommunications Sys-
tem (UMTS) Terrestrial Radio Access Network (E-
UTRAN)) interface with the EPC 160 through backhaul
links 132 (e.g., S1 interface). In addition to other func-
tions, the base stations 102 may perform one or more of
the following functions: transfer of user data, radio chan-
nel ciphering and deciphering, integrity protection, head-
er compression, mobility control functions (e.g., hando-
ver, dual connectivity), inter-cell interference coordina-
tion, connection setup and release, load balancing, dis-
tribution for non-access stratum (NAS) messages, NAS
node selection, synchronization, radio access network
(RAN) sharing, multimedia broadcast multicast service
(MBMS), subscriber and equipment trace, RAN informa-
tion management (RIM), paging, positioning, and deliv-
ery of warning messages. The base stations 102 may
communicate directly or indirectly (e.g., through the EPC
160) with each other over backhaul links 134 (e.g., X2
interface). The backhaul links 134 may be wired or wire-
less.
[0014] The base stations 102 may wirelessly commu-
nicate with the UEs 104. Each of the base stations 102
may provide communication coverage for a respective
geographic coverage area 110. There may be overlap-
ping geographic coverage areas 110. For example, the
small cell 102’ may have a coverage area 110’ that over-
laps the coverage area 110 of one or more macro base
stations 102. A network that includes both small cell and
macro cells may be known as a heterogeneous network.
A heterogeneous network may also include Home
Evolved Node Bs (eNBs) (HeNBs), which may provide
service to a restricted group known as a closed subscrib-
er group (CSG). The communication links 120 between
the base stations 102 and the UEs 104 may include uplink
(UL) (also referred to as reverse link) transmissions from
a UE 104 to a base station 102 and/or downlink (DL)
(also referred to as forward link) transmissions from a
base station 102 to a UE 104. The communication links
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120 may use multiple-input and multiple-output (MIMO)
antenna technology, including spatial multiplexing,
beamforming, and/or transmit diversity. The communi-
cation links may be through one or more carriers. The
base stations 102 / UEs 104 may use spectrum up to Y
MHz (e.g., 5, 10, 15, 20, 100 MHz) bandwidth per carrier
allocated in a carrier aggregation of up to a total of Yx
MHz (x component carriers) used for transmission in
each direction. The carriers may or may not be adjacent
to each other. Allocation of carriers may be asymmetric
with respect to DL and UL (e.g., more or less carriers
may be allocated for DL than for UL). The component
carriers may include a primary component carrier and
one or more secondary component carriers. A primary
component carrier may be referred to as a primary cell
(PCell) and a secondary component carrier may be re-
ferred to as a secondary cell (SCell).
[0015] The wireless communications system may fur-
ther include a Wi-Fi access point (AP) 150 in communi-
cation with Wi-Fi stations (STAs) 152 via communication
links 154 in a 5 GHz unlicensed frequency spectrum.
When communicating in an unlicensed frequency spec-
trum, the STAs 152 / AP 150 may perform a clear channel
assessment (CCA) prior to communicating in order to
determine whether the channel is available.
[0016] The small cell 102’ may operate in a licensed
and/or an unlicensed frequency spectrum. When oper-
ating in an unlicensed frequency spectrum, the small cell
102’ may employ NR and use the same 5 GHz unlicensed
frequency spectrum as used by the Wi-Fi AP 150. The
small cell 102’, employing NR in an unlicensed frequency
spectrum, may boost coverage to and/or increase capac-
ity of the access network.
[0017] The gNodeB (gNB) 180 may operate in millim-
eter wave (MMW) frequencies and/or near MMW fre-
quencies in communication with the UE 104. When the
gNB 180 operates in MMW or near MMW frequencies,
the gNB 180 may be referred to as an mmW base station.
Extremely high frequency (EHF) is part of the RF in the
electromagnetic spectrum. EHF has a range of 30 GHz
to 300 GHz and a wavelength between 1 millimeter and
10 millimeters. Radio waves in the band may be referred
to as a millimeter wave. Near MMW may extend down
to a frequency of 3 GHz with a wavelength of 100 millim-
eters. The super high frequency (SHF) band extends be-
tween 3 GHz and 30 GHz, also referred to as centimeter
wave. Communications using the MMW / near MMW ra-
dio frequency band has extremely high path loss and a
short range. The MMW base station 180 may utilize
beamforming 184 with the UE 104 to compensate for the
extremely high path loss and short range.
[0018] The EPC 160 may include a Mobility Manage-
ment Entity (MME) 162, other MMEs 164, a Serving Gate-
way 166, a Multimedia Broadcast Multicast Service
(MBMS) Gateway 168, a Broadcast Multicast Service
Center (BM-SC) 170, and a Packet Data Network (PDN)
Gateway 172. The MME 162 may be in communication
with a Home Subscriber Server (HSS) 174. The MME

162 is the control node that processes the signaling be-
tween the UEs 104 and the EPC 160. Generally, the MME
162 provides bearer and connection management. All
user Internet protocol (IP) packets are transferred
through the Serving Gateway 166, which itself is con-
nected to the PDN Gateway 172. The PDN Gateway 172
provides UE IP address allocation as well as other func-
tions. The PDN Gateway 172 and the BM-SC 170 are
connected to the IP Services 176. The IP Services 176
may include the Internet, an intranet, an IP Multimedia
Subsystem (IMS), a PS Streaming Service, and/or other
IP services. The BM-SC 170 may provide functions for
MBMS user service provisioning and delivery. The BM-
SC 170 may serve as an entry point for content provider
MBMS transmission, may be used to authorize and ini-
tiate MBMS Bearer Services within a public land mobile
network (PLMN), and may be used to schedule MBMS
transmissions. The MBMS Gateway 168 may be used to
distribute MBMS traffic to the base stations 102 belong-
ing to a Multicast Broadcast Single Frequency Network
(MBSFN) area broadcasting a particular service, and
may be responsible for session management (start/stop)
and for collecting eMBMS related charging information.
[0019] The base station may also be referred to as a
gNB, Node B, evolved Node B (eNB), an access point,
a base transceiver station, a radio base station, a radio
transceiver, a transceiver function, a basic service set
(BSS), an extended service set (ESS), or some other
suitable terminology. The base station 102 provides an
access point to the EPC 160 for a UE 104. Examples of
UEs 104 include a cellular phone, a smart phone, a ses-
sion initiation protocol (SIP) phone, a laptop, a personal
digital assistant (PDA), a satellite radio, a global position-
ing system, a multimedia device, a video device, a digital
audio player (e.g., MP3 player), a camera, a game con-
sole, a tablet, a smart device, a wearable device, a ve-
hicle, an electric meter, a gas pump, a toaster, or any
other similar functioning device. Some of the UEs 104
may be referred to as loT devices (e.g., parking meter,
gas pump, toaster, vehicles, etc.). The UE 104 may also
be referred to as a station, a mobile station, a subscriber
station, a mobile unit, a subscriber unit, a wireless unit,
a remote unit, a mobile device, a wireless device, a wire-
less communications device, a remote device, a mobile
subscriber station, an access terminal, a mobile terminal,
a wireless terminal, a remote terminal, a handset, a user
agent, a mobile client, a client, or some other suitable
terminology.
[0020] Referring again to FIG. 1, in certain aspects,
the UE 104 / eNB 180 may be configured to determine
to communicate with a fallback beam if the eNB 180 does
not determined that the beam change instruction to
change from a current beam to a second beam has been
received by the UE 104 (198).
[0021] FIG. 2A is a diagram 200 illustrating an example
of a DL frame structure in LTE. FIG. 2B is a diagram 230
illustrating an example of channels within the DL frame
structure in LTE. FIG. 2C is a diagram 250 illustrating an
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example of an UL frame structure in LTE. FIG. 2D is a
diagram 280 illustrating an example of channels within
the UL frame structure in LTE. Other wireless communi-
cation technologies may have a different frame structure
and/or different channels. In LTE, a frame (10 ms) may
be divided into 10 equally sized subframes. Each sub-
frame may include two consecutive time slots. A resource
grid may be used to represent the two time slots, each
time slot including one or more time concurrent resource
blocks (RBs) (also referred to as physical RBs (PRBs)).
The resource grid is divided into multiple resource ele-
ments (REs). In LTE, for a normal cyclic prefix, an RB
contains 12 consecutive subcarriers in the frequency do-
main and 7 consecutive symbols (for DL, OFDM symbols;
for UL, SC-FDMA symbols) in the time domain, for a total
of 84 REs. For an extended cyclic prefix, an RB contains
12 consecutive subcarriers in the frequency domain and
6 consecutive symbols in the time domain, for a total of
72 REs. The number of bits carried by each RE depends
on the modulation scheme.
[0022] As illustrated in FIG. 2A, some of the REs carry
DL reference (pilot) signals (DL-RS) for channel estima-
tion at the UE. The DL-RS may include cell-specific ref-
erence signals (CRS) (also sometimes called common
RS), UE-specific reference signals (UE-RS), and chan-
nel state information reference signals (CSI-RS). FIG.
2A illustrates CRS for antenna ports 0, 1, 2, and 3 (indi-
cated as R0, R1, R2, and R3, respectively), UE-RS for
antenna port 5 (indicated as R5), and CSI-RS for antenna
port 15 (indicated as R). FIG. 2B illustrates an example
of various channels within a DL subframe of a frame. The
physical control format indicator channel (PCFICH) is
within symbol 0 of slot 0, and carries a control format
indicator (CFI) that indicates whether the physical down-
link control channel (PDCCH) occupies 1, 2, or 3 symbols
(FIG. 2B illustrates a PDCCH that occupies 3 symbols).
The PDCCH carries downlink control information (DCI)
within one or more control channel elements (CCEs),
each CCE including nine RE groups (REGs), each REG
including four consecutive REs in an OFDM symbol. A
UE may be configured with a UE-specific enhanced PD-
CCH (ePDCCH) that also carries DCI. The ePDCCH may
have 2, 4, or 8 RB pairs (FIG. 2B shows two RB pairs,
each subset including one RB pair). The physical hybrid
automatic repeat request (ARQ) (HARQ) indicator chan-
nel (PHICH) is also within symbol 0 of slot 0 and carries
the HARQ indicator (HI) that indicates HARQ acknowl-
edgement (ACK) / negative ACK (NACK) feedback
based on the physical uplink shared channel (PUSCH).
The primary synchronization channel (PSCH) is within
symbol 6 of slot 0 within subframes 0 and 5 of a frame,
and carries a primary synchronization signal (PSS) that
is used by a UE to determine subframe timing and a phys-
ical layer identity. The secondary synchronization chan-
nel (SSCH) is within symbol 5 of slot 0 within subframes
0 and 5 of a frame, and carries a secondary synchroni-
zation signal (SSS) that is used by a UE to determine a
physical layer cell identity group number. Based on the

physical layer identity and the physical layer cell identity
group number, the UE can determine a physical cell iden-
tifier (PCI). Based on the PCI, the UE can determine the
locations of the aforementioned DL-RS. The physical
broadcast channel (PBCH) is within symbols 0, 1, 2, 3 of
slot 1 of subframe 0 of a frame, and carries a master
information block (MIB). The MIB provides a number of
RBs in the DL system bandwidth, a PHICH configuration,
and a system frame number (SFN). The physical down-
link shared channel (PDSCH) carries user data, broad-
cast system information not transmitted through the
PBCH such as system information blocks (SIBs), and
paging messages.
[0023] As illustrated in FIG. 2C, some of the REs carry
demodulation reference signals (DM-RS) for channel es-
timation at the eNB. The UE may additionally transmit
sounding reference signals (SRS) in the last symbol of
a subframe. The SRS may have a comb structure, and
a UE may transmit SRS on one of the combs. The SRS
may be used by an eNB for channel quality estimation
to enable frequency-dependent scheduling on the UL.
FIG. 2D illustrates an example of various channels within
an UL subframe of a frame. A physical random access
channel (PRACH) may be within one or more subframes
within a frame based on the PRACH configuration. The
PRACH may include six consecutive RB pairs within a
subframe. The PRACH allows the UE to perform initial
system access and achieve UL synchronization. A phys-
ical uplink control channel (PUCCH) may be located on
edges of the UL system bandwidth. The PUCCH carries
uplink control information (UCI), such as scheduling re-
quests, a channel quality indicator (CQI), a precoding
matrix indicator (PMI), a rank indicator (RI), and HARQ
ACK/NACK feedback. The PUSCH carries data, and may
additionally be used to carry a buffer status report (BSR),
a power headroom report (PHR), and/or UCI.
[0024] FIG. 3 is a block diagram of an eNB 310 in com-
munication with a UE 350 in an access network. In the
DL, IP packets from the EPC 160 may be provided to a
controller/processor 375. The controller/processor 375
implements layer 3 and layer 2 functionality. Layer 3 in-
cludes a radio resource control (RRC) layer, and layer 2
includes a packet data convergence protocol (PDCP) lay-
er, a radio link control (RLC) layer, and a medium access
control (MAC) layer. The controller/processor 375 pro-
vides RRC layer functionality associated with broadcast-
ing of system information (e.g., MIB, SIBs), RRC con-
nection control (e.g., RRC connection paging, RRC con-
nection establishment, RRC connection modification,
and RRC connection release), inter radio access tech-
nology (RAT) mobility, and measurement configuration
for UE measurement reporting; PDCP layer functionality
associated with header compression / decompression,
security (ciphering, deciphering, integrity protection, in-
tegrity verification), and handover support functions; RLC
layer functionality associated with the transfer of upper
layer packet data units (PDUs), error correction through
ARQ, concatenation, segmentation, and reassembly of
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RLC service data units (SDUs), re-segmentation of RLC
data PDUs, and reordering of RLC data PDUs; and MAC
layer functionality associated with mapping between log-
ical channels and transport channels, multiplexing of
MAC SDUs onto transport blocks (TBs), demultiplexing
of MAC SDUs from TBs, scheduling information report-
ing, error correction through HARQ, priority handling, and
logical channel prioritization.
[0025] The transmit (TX) processor 316 and the re-
ceive (RX) processor 370 implement layer 1 functionality
associated with various signal processing functions. Lay-
er 1, which includes a physical (PHY) layer, may include
error detection on the transport channels, forward error
correction (FEC) coding/decoding of the transport chan-
nels, interleaving, rate matching, mapping onto physical
channels, modulation/demodulation of physical chan-
nels, and MIMO antenna processing. The TX processor
316 handles mapping to signal constellations based on
various modulation schemes (e.g., binary phase-shift
keying (BPSK), quadrature phase-shift keying (QPSK),
M-phase-shift keying (M-PSK), M-quadrature amplitude
modulation (M-QAM)). The coded and modulated sym-
bols may then be split into parallel streams. Each stream
may then be mapped to an OFDM subcarrier, multiplexed
with a reference signal (e.g., pilot) in the time and/or fre-
quency domain, and then combined together using an
Inverse Fast Fourier Transform (IFFT) to produce a phys-
ical channel carrying a time domain OFDM symbol
stream. The OFDM stream is spatially precoded to pro-
duce multiple spatial streams. Channel estimates from a
channel estimator 374 may be used to determine the
coding and modulation scheme, as well as for spatial
processing. The channel estimate may be derived from
a reference signal and/or channel condition feedback
transmitted by the UE 350. Each spatial stream may then
be provided to a different antenna 320 via a separate
transmitter 318TX. Each transmitter 318TX may modu-
late an RF carrier with a respective spatial stream for
transmission.
[0026] At the UE 350, each receiver 354RX receives
a signal through its respective antenna 352. Each receiv-
er 354RX recovers information modulated onto an RF
carrier and provides the information to the receive (RX)
processor 356. The TX processor 368 and the RX proc-
essor 356 implement layer 1 functionality associated with
various signal processing functions. The RX processor
356 may perform spatial processing on the information
to recover any spatial streams destined for the UE 350.
If multiple spatial streams are destined for the UE 350,
they may be combined by the RX processor 356 into a
single OFDM symbol stream. The RX processor 356 then
converts the OFDM symbol stream from the time-domain
to the frequency domain using a Fast Fourier Transform
(FFT). The frequency domain signal comprises a sepa-
rate OFDM symbol stream for each subcarrier of the
OFDM signal. The symbols on each subcarrier, and the
reference signal, are recovered and demodulated by de-
termining the most likely signal constellation points trans-

mitted by the eNB 310. These soft decisions may be
based on channel estimates computed by the channel
estimator 358. The soft decisions are then decoded and
deinterleaved to recover the data and control signals that
were originally transmitted by the eNB 310 on the phys-
ical channel. The data and control signals are then pro-
vided to the controller/processor 359, which implements
layer 3 and layer 2 functionality.
[0027] The controller/processor 359 can be associated
with a memory 360 that stores program codes and data.
The memory 360 may be referred to as a computer-read-
able medium. In the UL, the controller/processor 359 pro-
vides demultiplexing between transport and logical chan-
nels, packet reassembly, deciphering, header decom-
pression, and control signal processing to recover IP
packets from the EPC 160. The controller/processor 359
is also responsible for error detection using an ACK
and/or NACK protocol to support HARQ operations.
[0028] Similar to the functionality described in connec-
tion with the DL transmission by the eNB 310, the con-
troller/processor 359 provides RRC layer functionality
associated with system information (e.g., MIB, SIBs) ac-
quisition, RRC connections, and measurement reporting;
PDCP layer functionality associated with header com-
pression / decompression, and security (ciphering, deci-
phering, integrity protection, integrity verification); RLC
layer functionality associated with the transfer of upper
layer PDUs, error correction through ARQ, concatena-
tion, segmentation, and reassembly of RLC SDUs, re-
segmentation of RLC data PDUs, and reordering of RLC
data PDUs; and MAC layer functionality associated with
mapping between logical channels and transport chan-
nels, multiplexing of MAC SDUs onto TBs, demultiplexing
of MAC SDUs from TBs, scheduling information report-
ing, error correction through HARQ, priority handling, and
logical channel prioritization.
[0029] Channel estimates derived by a channel esti-
mator 358 from a reference signal or feedback transmit-
ted by the eNB 310 may be used by the TX processor
368 to select the appropriate coding and modulation
schemes, and to facilitate spatial processing. The spatial
streams generated by the TX processor 368 may be pro-
vided to different antenna 352 via separate transmitters
354TX. Each transmitter 354TX may modulate an RF
carrier with a respective spatial stream for transmission.
[0030] The UL transmission is processed at the eNB
310 in a manner similar to that described in connection
with the receiver function at the UE 350. Each receiver
318RX receives a signal through its respective antenna
320. Each receiver 318RX recovers information modu-
lated onto an RF carrier and provides the information to
a RX processor 370.
[0031] The controller/processor 375 can be associated
with a memory 376 that stores program codes and data.
The memory 376 may be referred to as a computer-read-
able medium. In the UL, the controller/processor 375 pro-
vides demultiplexing between transport and logical chan-
nels, packet reassembly, deciphering, header decom-
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pression, control signal processing to recover IP packets
from the UE 350. IP packets from the controller/processor
375 may be provided to the EPC 160. The controller/proc-
essor 375 is also responsible for error detection using an
ACK and/or NACK protocol to support HARQ operations.
[0032] FIG. 4 is a diagram 400 illustrating a base sta-
tion 402 in communication with a UE 404. Referring to
FIG. 4, the base station 402 may transmit a beamformed
signal to the UE 404 in one or more of the directions
402a, 402b, 402c, 402d, 402e, 402f, 402g, 402h. The
UE 404 may receive the beamformed signal from the
base station 402 in one or more receive directions 404a,
404b, 404c, 404d. The UE 404 may also transmit a beam-
formed signal to the base station 402 in one or more of
the directions 404a-404d. The base station 402 may re-
ceive the beamformed signal from the UE 404 in one or
more of the receive directions 402a-402h. The base sta-
tion 402 / UE 404 may perform beam training to determine
the best receive and transmit directions for each of the
base station 402 / UE 404. The transmit and receive di-
rections for the base station 402 may or may not be the
same. The transmit and receive directions for the UE 404
may or may not be the same.
[0033] Wireless communication systems employing
narrow bandwidths and high frequency carriers are being
developed and deployed. An MMW system may be uti-
lized for wireless communication at a high transmission
rate. In MMW systems, because the carrier frequency is
high (e.g., 28 GHz), path loss may be high. For example,
the carrier frequency for MMW communication may be
10 times higher than a carrier frequency for other types
of wireless communication. As a result, the MMW system
may experience a path loss that is approximately 20 dB
higher than other types of wireless communication sys-
tems employing lower frequency carriers. To mitigate the
path loss in MMW systems, a base station may perform
transmissions in a directional manner, where the trans-
missions are beam-formed to steer the transmissions of
the beams in different directions.
[0034] Using a higher carrier frequency for wireless
communication results in a shorter wavelength which
may allow a higher number of antennas to be implement-
ed within a given antenna array length than a number of
antennas that can be implemented when a lower carrier
frequency is used. Therefore, an MMW system (using a
high carrier frequency) may use a higher number of an-
tennas in a base station and/or a UE. For example, the
base station may have 128 or 256 antennas and the UE
may have 8, 16 or 24 antennas. With the higher number
of antennas, a beam-forming technique may be used to
digitally change the direction of the beam by applying
different phases to the different antennas. Because
beam-forming in an MMW system provides a narrow
beam for increased gain, the base station may transmit
the narrow beam in all directions when transmitting a
synchronization signal to provide coverage over a wider
area using multiple narrow beams.
[0035] One challenge in using beam-forming for a

MMW system arises from the directional nature of a
beam-formed beam. The directional nature of the beam
means that a transmitting entity should point a beam of
the transmitting entity directly at a receiving entity to pro-
vide more antenna receive gain at the receiving entity.
For example, the base station should point the beam di-
rectly at the UE such that the direction of the beam of the
base station aligns with the location of the UE to provide
more antenna receive gain at the UE. If the direction of
the beam is not aligned properly, the antenna gain at the
UE may be decreased (e.g., resulting in low SNR, high
block error rates, etc.). Further, when the UE enters the
coverage area of the MMW system and receives trans-
mitted data from the base station over the MMW, the
base station should be able to determine the best
beam(s) (e.g., beam(s) with the highest signal strength)
for MMW communication with the particular UE. Thus,
the base station may transmit beam reference signals
(BRSs) in multiple directions (or all directions) so that the
UE may identify the best beam of the one or more beams
received from the base station based on measurements
of the BRSs. In the MMW communication, the base sta-
tion may also transmit a primary synchronization signal
(PSS), a secondary synchronization signal (SSS), an ex-
tended synchronization signal (ESS), and PBCH signals
for synchronization and for broadcasting system infor-
mation. In the MMW communication, such signals may
be transmitted directionally via multiple beams to enable
the UE to receive such synchronization and system in-
formation at various locations within the coverage area
of the base station.
[0036] If there are multiple antenna ports (multiple sets
of antennas) in the base station, the base station may
transmit multiple beams per symbol. For example, the
base station may sweep in multiple directions using mul-
tiple antenna ports in a cell specific manner in a first sym-
bol of a synchronization sub-frame. The base station may
then sweep in multiple directions using the multiple an-
tenna ports in a cell specific manner in another symbol
of the synchronization sub-frame. Each antenna port may
include a set of antennas. For example, an antenna port
including a set of antennas (e.g., 64 antennas) may trans-
mit one beam, and several antenna ports may each trans-
mit a beam, each in a different direction. Thus, if there
are four antenna ports, the four antenna ports may sweep
through four directions (e.g., transmit four beams in four
different directions).
[0037] FIGs. 5A and 5B are diagrams illustrating an
example of the transmission of beamformed signals be-
tween a base station (BS) and a UE. The BS may be
embodied as a BS in a MMW system (MMW BS). Refer-
ring to FIG. 5A, diagram 500 illustrates a BS 504 of a
MMW system transmitting beamformed signals 506
(e.g., beam reference signals) in different transmit direc-
tions (e.g., directions A, B, C, and D). In an example, the
BS 504 may sweep through the transmit directions ac-
cording to a sequence A-B-C-D. In another example, the
BS 504 may sweep through the transmit directions ac-
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cording to the sequence B-D-A-C. Although only four
transmit directions and two transmit sequences are de-
scribed with respect to FIG. 5A, any number of different
transmit directions and transmit sequences are contem-
plated.
[0038] The BS 504 may switch to a receive mode (e.g.,
after transmitting the signals). In the receive mode, the
BS 504 may sweep through different receive directions
in a sequence or pattern corresponding (or mapping) to
a sequence or pattern in which the BS 504 previously
transmitted the synchronization/discovery signals in the
different transmit directions. For example, if the BS 504
previously transmitted the synchronization/discovery
signals in transmit directions according to the sequence
A-B-C-D, then the BS 504 may sweep through receive
directions according to the sequence A-B-C-D in an at-
tempt to receive an association signal from a UE 502. In
another example, if the BS 504 previously transmitted
the synchronization/discovery signals in transmit direc-
tions according to the sequence B-D-A-C, then the BS
504 may sweep through receive directions according to
the sequence B-D-A-C in an attempt to receive the as-
sociation signal from the UE 502.
[0039] A propagation delay on each beamformed sig-
nal allows a UE 502 to perform a receive (RX) sweep.
The UE 502 in a receive mode may sweep through dif-
ferent receive directions in an attempt to detect a syn-
chronization/discovery signal 506 (see FIG. 5B). One or
more of the synchronization/discovery signals 506 may
be detected by the UE 502. When a strong synchroniza-
tion/discovery signal 506 is detected, the UE 502 may
determine an optimal transmit direction of the BS 504
and an optimal receive direction of the UE 502 corre-
sponding to the strong synchronization/discovery signal.
For example, the UE 502 may determine preliminary an-
tenna weights/directions of the strong synchroniza-
tion/discovery signal 506, and may further determine a
time and/or resource where the BS 504 is expected to
optimally receive a beamformed signal (e.g., with high
signal strength). Thereafter, the UE 502 may attempt to
associate with the BS 504 via a beamformed signal.
[0040] The BS 504 may sweep through a plurality of
directions using a plurality of ports in a cell-specific man-
ner in a first symbol of a synchronization subframe. For
example, the BS 504 may sweep through different trans-
mit directions (e.g., directions A, B, C, and D) using four
ports in a cell-specific manner in a first symbol of a syn-
chronization subframe. In an aspect, these different
transmit directions (e.g., directions A, B, C, and D) may
be considered "coarse" beam directions. In an aspect, a
beam reference signal (BRS) may be transmitted in dif-
ferent transmit directions (e.g., directions A, B, C, and D).
[0041] In an aspect, the BS 504 may sweep the four
different transmit directions (e.g., directions A, B, C, and
D) in a cell-specific manner using four ports in a second
symbol of a synchronization subframe. A synchronization
beam may occur in a second symbol of the synchroniza-
tion subframe.

[0042] Referring to diagram 520 of FIG. 5B, the UE
502 may listen for beamformed discovery signals in dif-
ferent receive directions (e.g., directions E, F, G, and H).
In an example, the UE 502 may sweep through the re-
ceive directions according to a sequence E-F-G-H. In
another example, the UE 502 may sweep through the
receive directions according to the sequence F-H-E-J.
Although only four receive directions and two receive se-
quences are described with respect to FIG. 5B, any
number of different receive directions and receive se-
quences are contemplated.
[0043] The UE 502 may attempt the association with
the BS 504 by transmitting beamformed signals 526 (e.g.,
association signals or another indication of a best
"coarse" beam or a best "fine" beam) in the different trans-
mit directions (e.g., directions E, F, G, and H). In an as-
pect, the UE 502 may transmit an association signal 526
by transmitting along the optimal receive direction of the
UE 502 at the time/resource where the BS 504 is expect-
ed to optimally receive the association signal. The BS
504 in the receive mode may sweep through different
receive directions and detect the association signal 526
from the UE 502 during one or more timeslots corre-
sponding to a receive direction. When a strong associa-
tion signal 526 is detected, the BS 504 may determine
an optimal transmit direction of the UE 502 and an optimal
receive direction of the BS 504 corresponding to the
strong association signal. For example, the BS 504 may
determine preliminary antenna weights/directions of the
strong association signal 526, and may further determine
a time and/or resource where the UE 502 is expected to
optimally receive a beamformed signal. Any of the proc-
esses discussed above with respect to FIGs. 5A and 5B
may be refined or repeated over time such that the UE
502 and BS 504 eventually learn the most optimal trans-
mit and receive directions for establishing a link with each
other. Such refinement and repetition may be referred to
as beam training.
[0044] In an aspect, the BS 504 may choose a se-
quence or pattern for transmitting the synchroniza-
tion/discovery signals according to a number of beam-
forming directions. The BS 504 may then transmit the
signals for an amount of time long enough for the UE 502
to sweep through a number of beamforming directions
in an attempt to detect a synchronization/discovery sig-
nal. For example, a BS beamforming direction may be
denoted by n, where n is an integer from 0 to N, N being
a maximum number of transmit directions. Moreover, a
UE beamforming direction may be denoted by k, where
k is an integer from 0 to K, K being a maximum number
of receive directions. When the UE 502 detects a syn-
chronization/discovery signal from the BS 504, the UE
502 may discover that the strongest synchronization/dis-
covery signal is received when the UE 502 beamforming
direction is k = 2 and the BS 504 beamforming direction
is n = 3. Accordingly, the UE 502 may use the same
antenna weights/directions for responding (transmitting
a beamformed signal) to the BS 504 in a corresponding
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response timeslot. That is, the UE 502 may send a signal
to the BS 504 using UE 502 beamforming direction k =
2 during a timeslot when the BS 504 is expected to per-
form a receive sweep at BS 504 beamforming direction
n = 3.
[0045] Path loss may be relatively high in MMW sys-
tems. Transmission may be directional to mitigate path
loss. A base station may transmit one or more beam ref-
erence signals by sweeping in all directions so that a user
equipment (UE) may identify a best "coarse" beam. Fur-
ther, the base station may transmit a beam refinement
request signal so that the UE may track "fine" beams. If
a "coarse" beam identified by the UE changes, the UE
may need to inform the base station so that the base
station may perform beam training for one or more new
"fine" beams for the UE.
[0046] In various aspects, a base station may transmit
a beam reference signal (BRS) by sweeping in all direc-
tions that so a user equipment (UE) may determine the
index or identifier (ID) of a best "coarse" beam. The base
station may further transmit a beam refinement request
signal so that the UE may track "fine" beams. The UE
may signal a best "fine" beam to the base station. The
base station and the UE may have to continuously update
and/or recover beams to sustain a communication link.
[0047] In FIG. 5A and FIG. 5B, the base station 504
and the UE 502 may sweep through four directions using
four ports in a cell-specific manner in the first symbol of
the synchronization subframe. These directions may be
considered "coarse" beam directions. In an aspect, a
BRS may be included in a first symbol. In an aspect, the
base station 504 and the UE 502 may sweep through
four different directions in a cell-specific manner using
four ports in the second symbol of the synchronization
subframe. Note that while beams are shown adjacent,
beams transmitted during a same symbol may not be
adjacent.
[0048] FIGs. 6A through 6D are diagrams illustrating
an example of the transmission of beamformed signals
between a base station (BS) and a UE. The BS 604 may
be a BS in a MMW system (MMW BS). While some
beams are illustrates as adjacent to one another, such
an arrangement may be different in different aspects
(e.g., beams transmitted during a same symbol may not
be adjacent to one another).
[0049] In an aspect, a beam set may contain eight dif-
ferent beams. For example, FIG. 6A illustrates eight
beams 621, 622, 623, 624, 625, 626, 627, 628 for eight
directions. In aspects, the BS 604 may be configured to
beamform at least one of the beams 621, 622, 623, 624,
625, 626, 627, 628 for transmission toward the UE 602.
[0050] In an aspect, a BS may transmit a first tracking
signal (e.g., a BRS) in a plurality of directions during a
synchronization subframe. In one aspect, the transmis-
sion of the first tracking signal may be cell-specific. Re-
ferring to FIG. 6B, the BS 604 may transmit beams 621,
623, 625, 627 in four directions. In an aspect, the beams
621, 623, 625, 627 transmitted in the four directions may

be odd-indexed beams 621, 623, 625, 627 for the four
directions out of a possible eight directions for the beam
set. For example, the BS 604 may be capable of trans-
mitting beams 621, 623, 625, 627 in directions adjacent
to other beams 622, 624, 626, 628 that the BS 604 is
configured to transmit. In an aspect, the configuration in
which the BS 604 transmits odd-indexed beams 621,
623, 625, 627 for the four directions may be considered
a "coarse" beam set.
[0051] In FIG. 6C, the UE 602 may determine a beam
index that is strongest or preferable (e.g., a beam index
indicating the best beam). For example, the UE 602 may
determine that the beam 625 carrying a BRS is the
strongest beam or preferable (e.g., with a highest signal
strength). The UE 602 may transmit an indication 660 of
the beam index of beam 625 to the BS 604. In an aspect,
the indication 660 may include a request to transmit a
second tracking signal (e.g., a beam refinement refer-
ence signal (BRRS)). The BRRS may be UE-specific.
[0052] In FIG. 6D, the BS 604 may transmit a second
tracking signal (e.g., a BRRS) based on the beam index
included in the indication 660. For example, the UE 602
may indicate that a first beam 625 is the strongest beam
(or preferable beam) and, in response, the BS 604 may
transmit a plurality of beams 624, 625, 626 to the UE 602
based on the indicated beam index received from the
UE. In an aspect, the beams 624, 625, 626 transmitted
based on the indicated beam index may be considered
a "fine" beam set. In an aspect, a BRRS may be trans-
mitted on each of the beams 624, 625, 626 of the fine
beam set. In an aspect, the beams 624, 625, 626 of the
fine beam set may be adjacent.
[0053] Based on one or more BRRSs received in the
beams 624, 625, 626 of the fine beam set, the UE 602
may transmit a second indication 665 to the BS 604 to
indicate a best "fine" beam. In an aspect, the second
indication 665 may use 2 bits to indicate the selected
beam. For example, the 2 bits may be used to express
a binary number, where each of the beams correspond
to a particular binary number. For example, the UE 602
may transmit an indication 665 that indicates the selected
beam 625. The BS 604 may then communicate with the
UE 602 using the active beam 625.
[0054] As discussed above, the UE may select the best
beam (e.g., the beam that provides the highest signal
strength) of the base station, and may transmit an indi-
cation of the selected beam to the base station, such that
the base station may communicate with the UE using the
selected beam. After selection of the beam to transmit a
signal from the base station to the UE (the active beam),
the best beam (e.g., the beam that provides the highest
signal strength) from a base station to a UE may change
over time. For example, due to changes in network con-
ditions, after some time has passed, the selected beam
may no longer be the best beam for communicating with
the UE. Thus, the base station may transmit a BRS in
multiple directions (or all directions) periodically. In an
aspect, based on the reception of the BRS, if the UE
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determines that another beam in a certain direction used
to transmit the BRS is better than the current beam (e.g.,
providing a higher signal strength than the current beam),
then the UE may determine that the base station should
change the beam from the current beam to another beam.
To change to another beam, the UE may utilize the beam
selection process, as discussed above, involving beam
refinement based on a "coarse" beam set. When the UE
determines that the base station should change from a
current beam to a second beam, the UE may transmit,
to the base station, an indication about the determination
that the base station should change from the current
beam to the second beam. In response, the base station
may determine whether to change to the second beam
(e.g., based on network conditions). In an aspect, when
the UE informs the base station about the beam change
request, the base station may determine not to change
the current beam to the second beam if the second beam
interferes with a neighboring base station.
[0055] In another aspect, the base station may deter-
mine whether to change from the current beam to another
beam, without receiving an indication of UE’s determina-
tion that the base station should change from the current
beam to another beam. In particular, if the base station
has beam reciprocity, the base station may observe a
reference signal or utilize another type of uplink beam
sweep procedure and decide whether the base station
should change from the current beam to another beam
to communicate with the UE.
[0056] If the base station determines that the change
from the current beam to the second beam is appropriate
(e.g., does not interfere with a neighboring base station),
the base station may send a beam change instruction to
the UE (e.g., via PDCCH) to indicate that the base station
will change from the current beam to the second beam.
In an aspect, a portion (e.g., certain bits) of DCI included
in the PDCCH may be used to convey the beam change
instruction to indicate whether the base station will
change from the current beam to the second beam. If the
UE receives the beam change instruction indicating that
the base station will change from the current beam to the
second beam, the UE may change to a corresponding
UE beam at the UE in response to the beam change
instruction.
[0057] The base station may confirm that the UE re-
ceived the beam change instruction. In one aspect, if the
base station cannot confirm that the UE received the
beam change instruction, the base station may not
change the current beam to the second beam. According
to an aspect of the disclosure, if the base station does
not determine that the UE received the beam change
instruction, the base station may select a fallback beam
that the base station may use to communicate with the
UE. The fallback beam may be a receive beam and/or a
transmit beam at the base station. In an aspect, the UE
may select a corresponding UE beam that the UE may
use to communicate with the base station that uses the
fallback beam. The corresponding UE beam at the UE

may be a receive beam and/or a transmit beam at the
UE. In an aspect, the base station may indicate to the
UE that the base station has selected the fallback beam
[0058] FIG. 7 is an example diagram 700 illustrating
an interaction between a user equipment (e.g., UE 702)
and a base station (e.g., base station 704), according to
an aspect of the disclosure. Before 710, the base station
704 may communicate with the UE 702 using a current
beam of the base station 704 (e.g., a beam selected to
communicate with the UE). The current beam may be a
current receive beam and/or a current transmit beam at
the base station. The UE 702 may utilize a first UE beam
to communicate with the base station 704 utilizing the
current beam. At 710, the base station 704 and/or the
UE 702 may determine that a second beam is the best
beam the base station may utilize instead of the current
beam, and may further determine a fallback beam that
the base station 704 may use to communicate with the
UE 702. Thus, in an aspect, the fallback beam may be a
predefined beam. At 712, the UE 702 informs the base
station 712 that the base station should change from the
current beam to the second beam (e.g., by sending a
beam change request to change from the current beam
to the second beam). The second beam may be a second
receive beam and/or a second transmit beam at the base
station. At 714, in response, the base station 704 deter-
mines whether to change from the current beam to the
second beam. At 716, if the base station 704 determines
to change to the second beam, the base station 704 gen-
erates a beam change instruction to indicate that the base
station 704 will change the beam to the second beam.
At 718, the base station 704 sends the beam change
instruction to the UE 702.
[0059] At 720, the base station 704 determines wheth-
er the UE received the beam change instruction. For ex-
ample, the base station 704 may determine that the UE
received the beam change instruction if the UE sends an
ACK in response to the beam change instruction. At 721,
the UE 702 may determine whether the UE received the
beam change instruction. In an aspect, if the UE 702 has
successfully received the beam change instruction, the
UE 702 may switch to a second UE beam, especially if
the second UE beam is more aligned with the second
beam of the base station 704 than the first UE beam. At
722, if the base station 704 determines that the UE re-
ceived the beam change instruction, the base station 704
switches to the second beam. At 722, if the base station
704 does not determine that the UE received the beam
change instruction (e.g., because the base station re-
ceived no ACK was received either due to the UE not
receiving the instruction or the ACK being lost or because
the base station received a NACK), the base station 704
may switch to the fallback beam.
[0060] In an aspect, at 724, the UE 702 may determine
whether UE 702 has lost communication with the base
station 704 (e.g., after the base station sends the beam
change instruction at 718). In one aspect, the UE 702
may determine that the UE 702 has lost communication
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with the base station 704 if the UE 702 fails to commu-
nicate with the base station using the second UE beam
after receiving the beam change instruction. In one as-
pect, the UE 702 may determine that the UE 702 has lost
communication with the base station 704 if the UE 702
fails to successfully receive the beam change instruction
(and fails to communicate with the base 704 using the
first UE beam). In one aspect, the UE 702 may determine
that the UE 702 has lost communication with the base
station 704 if the UE 702 does not determine that the
base station 704 has received an ACK of successful re-
ception of the beam change instruction after the UE 702
transmits the ACK to the base station 704. If the UE 702
determines at 724 that the UE 702 lost communication
with the base station 704, the UE 702 may determine
that the base station is not configured with the second
beam. At 726, the UE 702 may select a UE beam to
communicate with the base station 704. In an aspect, at
726, upon determining that the base station is not con-
figured with the second beam of the base station, the UE
702 may select a third UE beam to communicate with
the base station 704 utilizing the fallback beam. In one
aspect, the third UE beam may be the first UE beam.
[0061] At least one of several approaches may be uti-
lized for the base station to determine whether or not the
UE received the beam change instruction. According to
one approach, the base station may determine that the
UE did not receive the beam change instruction if the
base station receives a NACK from the UE in response
to the beam change instruction. Therefore, when the
base station receives a NACK from the UE in response
to the beam change instruction, the base station selects
a fallback beam to communicate with the UE. The base
station may switch to the fallback beam when a certain
time duration (e.g., t1 time) expires after receiving the
NACK from the UE in response to the beam change in-
struction. The t1 time may be equal to a duration equiv-
alent to approximately 10 slots (5 msec). For example,
the base station may send the beam change instruction
in DCI for a downlink grant or DCI for an uplink grant,
and the UE may respond by transmitting an ACK (to in-
dicate that the UE received the beam change instruction)
or a NACK (to indicate that the UE did not receive the
beam change instruction). When the base station re-
ceives an ACK, the base station may confirm that the UE
received the beam change instruction. Bits may be re-
served in the PDCCH for DCI for a downlink grant and/or
DCI for an uplink grant. A downlink transmission and/or
an uplink transmission may take place at the (n+k)th sub-
frame and a beam change may occur at the (n+k’)th sub-
frame, where k’ > k. That is, the UE may receive the beam
change instruction included in at least one of DCI for a
downlink grant or DCI for an uplink grant at the n-th sub-
frame, and then transmit an ACK if the UE received the
beam change instruction at the (n+k)th subframe, such
that the base station may change the beam at the (n+k’)th
subframe, where k’ is greater than k.
[0062] According to another approach, the base sta-

tion may determine that the UE has not received the
beam change instruction if there is a state disconnect
between the base station and the UE. The state discon-
nect between the base station and the UE may exist when
the base station does not receive a response (e.g., an
ACK or a NACK) from the UE (e.g., in response to the
beam change instruction or any other message sent from
the base station that solicits a response). For example,
due to the state disconnect between the base station and
the UE, the base station may not be able to receive a
response (e.g., ACK) from the UE regardless of whether
the UE sends the response. As such, when in the state
disconnect, the base station and the UE may not be able
to communicate with each other. Therefore, when there
is state disconnect between the base station and the UE,
the base station may determine that the UE did not re-
ceive the beam change instruction and thus selects a
fallback beam to communicate with the UE. The base
station may switch to the fallback beam when a certain
time duration (e.g., t1 time) expires after determining the
state disconnect between the base station and the UE.
[0063] According to another approach, the base sta-
tion may determine that the UE did not receive the beam
change instruction if the base station and the UE are
unable to communicate using the second beam indicated
by the beam change instruction for a certain time duration
(e.g., t2 time) after sending the beam change instruction.
For example, even if the base station receives an ACK
from the UE in response to the beam change instruction,
when the base station switches to a new beam indicated
in the beam change instruction, the base station and the
UE may not be able to communicate with each other us-
ing the new beam (e.g., due to errors caused by move-
ment of the UE). In an aspect, the t2 time may be greater
than the t1 time.
[0064] In an aspect, when communication using the
fallback beam fails for the base station and/or the UE,
the UE and/or the base station may initiate a beam re-
covery procedure. The beam recovery procedure may
be based on a random access channel (RACH) signal
and/or a beam recovery request. For example, after the
base station switches to the fallback beam, if the base
station does not receive a NACK or an ACK or does not
receive any response or communication from the UE for
a certain time duration (e.g., t3 time), the base station
may assume that the fallback beam is not working. The
base station may signal the UE to inform that the fallback
beam is not working. According to one approach of the
beam recovery procedure, the UE may transmit a RACH
signal to the base station to indicate a recovery beam to
the base station, such that the base station may select
the recovery beam for communication with the UE. In an
aspect, the UE may transmit a RACH signal to the base
station if the UE is not time-synchronized with the base
station. The RACH signal may be transmitted via a con-
tention-based mechanism and/or a contention-free
mechanism, where the contention-based mechanism
may use contention-based preambles to transmit the
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RACH signal and the contention-free mechanism may
use contention-free preambles to transmit the RACH sig-
nal. In an aspect, the resource selection for the RACH
signal may be based on a resource of a downlink syn-
chronization signal block. In such an aspect, the base
station may use a beam associated with the selected
resource of the downlink synchronization signal block,
as a recovery beam to communicate with the UE. For
example, the base station may transmit a downlink syn-
chronization signal to the UE in a particular direction ac-
cording to the beam associated with a resource of the
downlink synchronization signal block, and may receive
a RACH signal in response in the particular direction to
indicate a recovery beam to the base station. The UE’s
transmission time of the RACH signal may be based on
the downlink synchronization signal. Thus, when the UE
is transmitting a RACH signal, the UE may select a re-
source for the RACH signal based on the resource of the
downlink synchronization signal.
[0065] According to another approach of the beam re-
covery procedure, the UE may transmit a beam recovery
request to the base station to indicate a recovery beam
to the base station, such that the base station may select
the recovery beam for communication with the UE. In an
aspect, the UE may transmit the beam recovery request
to the base station if the UE is not time-synchronized with
the base station. In an aspect, the beam recovery request
may be transmitted through a RACH subframe. For ex-
ample, in a RACH subframe, a total amount of resources
(e.g., specified in frequency bands or time/frequency
blocks) may be split into two parts, where the first part is
used to transmit RACH signals, and the second part is
used to transmit a beam recovery request (e.g., via a
scheduling request (SR)). In an aspect, the resource se-
lection for the beam recovery request may be based on
a resource of a downlink synchronization signal block. In
such an aspect, the base station may use a beam asso-
ciated with the selected resource of the downlink syn-
chronization signal block, as a recovery beam to com-
municate with the UE.
[0066] The following approaches may be used to set
a fallback beam for the base station. In an aspect, the
base station and the UE may define a fallback beam
among multiple candidate fallback beams. For example,
the base station may have several candidate fallback
beams the base station may use for transmission to the
UE, and the UE may have several candidate UE beams
the UE may use for reception from the base station. The
UE may make measurements of signal quality for each
beam pair including one of the candidate fallback beams
of the base station and one of the candidate UE beams
of the UE. For example, the UE may make the measure-
ments of the signal quality based on the signal quality of
communication from the base station to the UE (e.g.,
based on signal quality of communication of a reference
signal from the base station using the candidate fallback
beams) and/or the signal quality of communication from
the UE to the base station, using each beam pair (e.g.,

based on signal quality of communication of a reference
signal to the base station using the candidate fallback
beams). For example, if there are three candidate fall-
back beams (fallback beams 1, 2, and 3) and two candi-
date UE beams (UE beam 1 and 2, then there are six
possible beam pairs (e.g., candidate fallback beam 1 and
candidate UE beam 1, candidate fallback beam 2 and
candidate UE beam 1, candidate fallback beam 3 and
candidate UE beam 1, candidate fallback beam 1 and
candidate UE beam 2, candidate fallback beam 2 and
candidate UE beam 2, candidate fallback beam 3 and
candidate UE beam 2). The measurement of the signal
quality may be based on a signal-to-noise ratio, a re-
ceived signal receive power (RSRP) value, etc. Based
on the measurement of each beam pair, the UE selects
the best candidate fallback beam of the base station as
a fallback beam that the base station may use to com-
municate with the UE and the best candidate UE beam
of the UE as a UE beam to communicate with the base
station using the fallback beam. When the UE selects
the fallback beam of the base station, the UE indicates
to the base station the fallback beam of the base station
(e.g., by transmitting a beam identifier of the fallback
beam). In an aspect, the UE and the base station may
determine the fallback beam of the base station before
generating the beam change instruction.
[0067] In another aspect, a UE may measure the qual-
ity of candidate beams (e.g., reference beams) used by
the base station to transmit reference signal(s) to the UE,
where the quality of the each candidate beam is meas-
ured based on the reference signal(s), and may subse-
quently send a measurement report of the measure-
ments of the quality of candidate beams to the base sta-
tion, such that the base station may select a fallback
beam out of the multiple candidate beams based on the
measurement report. For example, the base station may
send reference signals using multiple candidate beams
in different directions. Thus, for each candidate beam
with a corresponding direction, a base station may peri-
odically send reference signals, and the UE may meas-
ure the quality of the reference signals and periodically
feedback a measurement report of the quality of the ref-
erence signals for each beam to the base station. Then,
the base station may select a beam out of the multiple
candidate beams receivable by the UE to communicate
with the UE based on the measurement report. The
measurement report of the quality of the reference sig-
nals may include information on at least one of a beam
identifier for each candidate beam, a signal to noise ratio
(SNR) for each candidate beam, a signal-to-interference-
plus-noise ratio (SINR) for each candidate beam, a re-
ceived signal receive power (RSRP) for each candidate
beam, a received signal receive quality (RSRQ), a re-
ceived signal strength indicator (RSSI) for each candi-
date beam, or a channel quality indicator (CQI) for each
candidate beam. In an aspect, the reference signal may
include one or more of an SSS, a BRS, a mobility refer-
ence signal, a channel status information reference sig-
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nal (CSI-RS), and a demodulation reference signal
(DMRS) for a PBCH signal. In an aspect, the base station
may specify (e.g., to the UE) a UE beam pattern for each
of the candidate beams when the UE measures the ref-
erence signal. In particular, the base station may request
the UE to try different UE beams (e.g., based on the UE
beam pattern) when the base station is transmitting the
reference signal, such that the UE may find a UE beam
that provides the best signal quality (e.g., a UE beam
with the highest signal strength) when used with a fall-
back beam of the base station. In an aspect, the fallback
beam may be a wide beam at the base station and/or
may be a pseudo-omni beam (e.g., a beam with an an-
gular range of 120 degrees) at the UE. In an aspect, the
fallback beam may be the current working beam (e.g.,
the current beam before beam switching).
[0068] In an aspect, the fallback beam may be set be-
fore the beam change instruction is transmitted. The fall-
back beam may be updated (e.g., re-defined) by the base
station and/or by the UE) over time. For example, the
fallback beam may be periodically updated (e.g., using
the approaches to set the fallback beam as discussed
above).
[0069] In an aspect, parameters for communication us-
ing the fallback beam may have different values from the
parameters for communication using other beams (e.g.,
current beam, the second beam). For example, the fall-
back beam may be more resistant to device mobility (e.g.,
UE mobility) than the first beam or the second beam.
Hence, the fallback beam may have a broader beam
width than other beams (e.g., thus covering a wider an-
gular region) and may have lower coverage in terms of
distance (e.g., covering a less geographical distance). In
an aspect, the parameters for communication using the
fallback beam may include at least one of a uplink power
control offset, or aggregation level on a downlink control
channel. In one example, a fallback beam may have a
larger uplink power control offset. Because downlink
communication using a fallback beam may have lower
linking, a corresponding uplink power control offset of the
fallback beam may be higher than an uplink power control
offset of other beams. In uplink communication using the
fallback beam, the uplink transmit power may be higher
but the beam width may be broader, and thus the linking
remains unchanged. In one example, the aggregation
level on a downlink control channel (e.g., PDCCH) for
the fallback beam may be higher than the aggregation
level on a downlink control channel (e.g., PDCCH) for
other beams. In an aspect, the parameters for commu-
nication using the fallback beam may be configured by
RRC signaling and/or by a downlink control channel (e.g.,
PDCCH) and/or may be reconfigured if the fallback beam
changes to another fallback beam or properties of the
fallback beam change.
[0070] FIG. 8 is a flowchart 800 of a method of wireless
communication. The method may be performed by a
base station (e.g., the base station 102, the base station
704, the apparatus 1002/1002’). At 802, the base station

may continue from performing additional features, as dis-
cussed infra. At 804, the base station determines to
change from a first beam to a second beam. At 806, the
base station transmits, to a UE, a beam change instruc-
tion to indicate the determination to change to the second
beam upon the determination to change to the second
beam. For example, as illustrated in FIG. 7, at 714, the
base station 704 determines whether to change from the
current beam to the second beam. For example, as illus-
trated in FIG. 7, at 716, if the base station 704 determines
to change to the second beam, the base station 704 gen-
erates a beam change instruction to indicate that the base
station 704 will change the beam to the second beam,
and at 718, the base station 704 sends the beam change
instruction to the UE 702.
[0071] At 808, the base station determines whether the
UE has received the beam change instruction. For ex-
ample, as illustrated in FIG. 7, at 720, the base station
704 determines whether the UE received the beam
change instruction. At 810, the base station selects a
third beam to communicate with the UE when the base
station determines that the UE has not received the beam
change instruction, where the third beam is a predefined
fallback beam. For example, as illustrated in FIG. 7, at
722, if the base station 704 does not determine that the
UE received the beam change instruction (e.g., because
the base station received no ACK was received either
due to the UE not receiving the instruction or the ACK
being lost or because the base station received a NACK),
the base station 704 may switch to the fallback beam.
[0072] In an aspect, the base station may determine
whether the UE has received the beam change instruc-
tion by: determining whether a NACK is received from
the UE in response to the beam change instruction, and
determining that the UE has not received the beam
change instruction if the NACK is received. In such an
aspect, the third beam is selected when a first duration
expires after receiving the NACK. For example, as dis-
cussed supra, the base station may determine that the
UE did not receive the beam change instruction if the
base station receives a NACK from the UE in response
to the beam change instruction. For example, as dis-
cussed supra, the base station may switch to the fallback
beam when a certain time duration (e.g., t1 time) expires
after receiving the NACK from the UE in response to the
beam change instruction.
[0073] In another aspect, the base station may deter-
mine whether the UE has received the beam change in-
struction by: determining whether the UE and the base
station are in a state disconnect, and determining that
the UE has not received the beam change instruction if
the UE and the base station are in the state disconnect.
In such an aspect, the third beam may be selected when
a first duration expires after determining that the UE and
the base station are in the state disconnect. In such an
aspect, the UE and the base station may be in the state
disconnect if the base station has not received an ac-
knowledgement from the UE in response to the beam
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change instruction regardless of whether the UE has sent
the acknowledgement or not. For example, as discussed
supra, the base station may determine that the UE has
not received the beam change instruction if there is a
state disconnect between the base station and the UE.
For example, as discussed supra, the base station may
switch to the fallback beam when a certain time duration
(e.g., t1 time) expires after determining the state discon-
nect between the base station and the UE. For example,
as discussed supra, the state disconnect between the
base station and the UE may exist when the base station
does not receive a response (e.g., an ACK or a NACK)
from the UE (e.g., in response to the beam change in-
struction or any other message sent from the base station
that solicits a response.
[0074] In another aspect, the base station may deter-
mine whether the UE has received the beam change in-
struction by: determining whether the base station and
the UE are able to communicate with each other via the
second beam at least for a second duration, and deter-
mining that the UE has not received the beam change
instruction if the base station is not able to communicate
with each other via the second beam at least for the sec-
ond duration. For example, as discussed supra, the base
station may determine that the UE did not receive the
beam change instruction if the base station and the UE
are unable to communicate using the second beam in-
dicated by the beam change instruction for a certain time
duration (e.g., t2 time) after sending the beam change
instruction.
[0075] In an aspect, the first beam may be at least one
of a first transmit beam or a first receive beam, the second
beam may be at least one of a second transmit beam or
a second receive beam, and the fallback beam may be
at least one of a fallback transmit beam or a fallback
receive beam. For example, as discussed supra, the cur-
rent beam may be a current receive beam and/or a cur-
rent transmit beam at the base station, the second beam
may be a second receive beam and/or a second transmit
beam at the base station, and the fallback beam may be
a receive beam and/or a transmit beam at the base sta-
tion.
[0076] In an aspect, a parameter value for a parameter
of the third beam may be different from a parameter value
for the parameter of at least one of the first beam or the
second beam. For example, as discussed supra, param-
eters for communication using the fallback beam may
have different values from the parameters for communi-
cation using other beams (e.g., current beam, the second
beam). In an aspect, the parameters of the third beam
may include at least one of a uplink power control offset,
or aggregation level on a downlink control channel. In
such an aspect, the parameter of the third beam may
reflect at least one of the following: an uplink power con-
trol offset of the third beam being larger than an uplink
power control offset of the second beam, or an aggrega-
tion level on a control channel for the third beam being
higher than an aggregation level on a downlink control

channel for the second beam. For example, as discussed
supra, the parameters for communication using the fall-
back beam may include at least one of a uplink power
control offset, or aggregation level on a downlink control
channel. For example, as discussed supra, a fallback
beam may have a larger uplink power control offset. For
example, as discussed supra, the aggregation level on
a downlink control channel (e.g., PDCCH) for the fallback
beam may be higher than the aggregation level on a
downlink control channel (e.g., PDCCH) for other beams.
In an aspect, the parameter of the third beam may be
configured via at least one of an RRC signaling or a down-
link control channel. In an aspect, the parameter of the
third beam may be updated as the fallback beam is up-
dated with time. For example, as discussed supra, the
parameters for communication using the fallback beam
may be configured by RRC signaling and/or by a downlink
control channel (e.g., PDCCH) and/or may be reconfig-
ured if the fallback beam changes to another fallback
beam or properties of the fallback beam change.
[0077] In an aspect, the third beam is at least one of:
a beam with a wider beam width than a beam width of
the second beam, or a pseudo-omnidirectional beam at
the UE. For example, as discussed supra, the fallback
beam may be a wide beam at the base station and/or
may be a pseudo-omni beam (e.g., a beam with an an-
gular range of 120 degrees) at the UE. In an aspect, the
third beam is same as the first beam. For example, as
discussed supra, the fallback beam may be the current
working beam (e.g., the current beam before beam
switching).
[0078] In one aspect, at 812, the base station may de-
termine that communication with the UE using the third
beam fails. In such an aspect, at 804, the base station
may perform a beam recovery procedure to select a
fourth beam upon the determination that the communi-
cation using the third beam fails. For example, as dis-
cussed supra, when communication using the fallback
beam fails for the base station and/or the UE, the UE
and/or the base station may initiate a beam recovery pro-
cedure. In an aspect, the beam recovery procedure may
be based on at least one of a beam recovery request or
a RACH. For example, as discussed supra, the beam
recovery procedure may be based on a RACH signal
and/or a beam recovery request.
[0079] In an aspect, the base station may perform the
beam recovery procedure by: receiving, from the UE, a
RACH signal that indicates the fourth beam, and select-
ing the fourth beam to communicate with the UE based
on the RACH signal. For example, as discussed supra,
according to one approach, the UE may transmit a RACH
signal to the base station to indicate a recovery beam to
the base station, such that the base station may select
the recovery beam for communication with the UE. In an
aspect, the RACH signal may be received if the UE is
not time-synchronized with the base station. For exam-
ple, as discussed supra, the UE may transmit a RACH
signal to the base station if the UE is not time-synchro-
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nized with the base station. In an aspect, a resource for
receiving the RACH signal may be selected based on a
resource of a downlink synchronization signal block. For
example, as discussed supra, the base station may use
a beam associated with the selected resource of the
downlink synchronization signal block, as a recovery
beam to communicate with the UE.
[0080] In an aspect, the base station may perform the
beam recovery procedure by: receiving, from the UE, a
beam recovery request that indicates the fourth beam,
and selecting the fourth beam to communicate with the
UE based on the beam recovery request. For example,
as discussed supra, according to another approach, the
UE may transmit a beam recovery request to the base
station to indicate a recovery beam to the base station,
such that the base station may select the recovery beam
for communication with the UE. In an aspect, the beam
recovery request may be received if the UE is not time-
synchronized with the base station. For example, as dis-
cussed supra, the UE may transmit the beam recovery
request to the base station if the UE is not time-synchro-
nized with the base station. In an aspect, the beam re-
covery request may be received in a RACH subframe.
For example, as discussed supra, the beam recovery
request may be transmitted through a RACH subframe.
In an aspect, a resource for receiving the beam recovery
request may be selected based on a resource of a down-
link synchronization signal block. For example, as dis-
cussed supra, the resource selection for the beam re-
covery request may be based on a resource of a downlink
synchronization signal block.
[0081] FIG. 9A is a flowchart 900 of a method of wire-
less communication, expanding from the flowchart 800
of FIG. 8. The method may be performed by a base sta-
tion (e.g., the base station 102, the base station 704, the
apparatus 1002/1002’). At 902, the base station trans-
mits, to the UE, at least one reference signal using a
plurality of candidate beams. At 904, the base station
receives an indication of the third beam from the UE
based on UE reception quality of the at least one refer-
ence signal for each of the plurality of candidate beams.
For example, as discussed supra, the UE may make the
measurements of the signal quality based on the signal
quality of communication from the base station to the UE
(e.g., based on signal quality of communication of a ref-
erence signal from the base station using the candidate
fallback beams) and/or the signal quality of communica-
tion from the UE to the base station, using each beam
pair (e.g., based on signal quality of communication of a
reference signal to the base station using the candidate
fallback beams). For example, as discussed supra,
based on the measurement of each beam pair, the UE
selects the best candidate fallback beam of the base sta-
tion as a fallback beam that the base station may use to
communicate with the UE. When the UE selects the fall-
back beam of the base station, the UE indicates to the
base station the fallback beam of the base station (e.g.,
by transmitting a beam identifier of the fallback beam).

At 802, the base station continues to perform features of
the flowchart 800 of FIG. 8.
[0082] FIG. 9B is a flowchart 950 of a method of wire-
less communication, expanding from the flowchart 800
of FIG. 8. The method may be performed by a base sta-
tion (e.g., the base station 102, the base station 704, the
apparatus 1002/1002’). At 952, the base station trans-
mits, to the UE, at least one reference signal using a
plurality of candidate beams. At 954, the base station
receives, from the UE, a signal quality report for at least
one of the plurality of candidate beams based on the at
least one reference signal. At 956, the base station select
a beam among the plurality of candidate beams as the
third beam based on the signal quality report. For exam-
ple, as discussed supra, a UE may measure the quality
of candidate beams (e.g., reference beams) used by the
base station to transmit reference signal(s) to the UE,
where the quality of the each candidate beam is meas-
ured based on the reference signal(s), and may subse-
quently send a measurement report of the measure-
ments of the quality of candidate beams to the base sta-
tion, such that the base station may select a fallback
beam out of the multiple candidate beams based on the
measurement report. In an aspect, the signal quality re-
port comprises information on at least one of a beam
identifier for each candidate beams, a SNR for each can-
didate beam, a SINR for each candidate beam, an RSRP
for each candidate beam, an RSRQ, an RSSI for each
candidate beam, or a CQI for each candidate beam. For
example, as discussed supra, the measurement report
of the quality of the reference signals may include infor-
mation on at least one of a beam identifier for each can-
didate beam, an SNR for each candidate beam, an SINR
for each candidate beam, an RSRP for each candidate
beam, an RSRQ, an RSSI for each candidate beam, or
a CQI for each candidate beam. In an aspect, the at least
one reference signal includes at least one of an second-
ary synchronization signal, a beam reference signal, a
mobility reference signal, a CSI-RS, and a demodulation
reference signal for a physical broadcast channel signal.
For example, as discussed supra, the reference signal
may include one or more of an SSS, a BRS, a mobility
reference signal, a CSI-RS, and a DMRS for a PBCH
signal.
[0083] At 958, in an aspect, the base station may trans-
mit, to the UE, a UE beam pattern for each of the candi-
date beams, where the signal quality report is further
based on the UE beam pattern. For example, as dis-
cussed supra, the base station may specify (e.g., to the
UE) a UE beam pattern for each of the candidate beams
when the UE measures the reference signal. For exam-
ple, as discussed supra, the base station may request
the UE to try different UE beams (e.g., based on the UE
beam pattern) when the base station is transmitting the
reference signal, such that the UE may find a UE beam
that provides the best signal quality (e.g., a UE beam
with the highest signal strength) when used with a fall-
back beam of the base station. At 802, the base station
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continues to perform features of the flowchart 800 of FIG.
8.
[0084] FIG. 10 is a conceptual data flow diagram 1000
illustrating the data flow between different means/com-
ponents in an exemplary apparatus 1002. The apparatus
may be a base station. The apparatus includes a recep-
tion component 1004, a transmission component 1006,
a beam management component 1008, and a commu-
nication management component 1010.
[0085] The beam management component 1008 de-
termines to change from a first beam to a second beam.
The beam management component 1008 transmits, via
the communication management component 1010 and
the transmission component 1006, to a UE (e.g., UE
1030), a beam change instruction to indicate the deter-
mination to change to the second beam upon the deter-
mination to change to the second beam, at 1052, 1054,
and 1056.
[0086] The beam management component 1008 de-
termines whether the UE has received the beam change
instruction (e.g., via the reception component 1004 and
the communication management component 1010, at
1058, 1060, and 1062). In an aspect, the beam manage-
ment component 1008 determines whether the UE has
received the beam change instruction by: determining
whether a NACK is received from the UE in response to
the beam change instruction, and determining that the
UE has not received the beam change instruction if the
NACK is received. In such an aspect, the third beam is
selected when a first duration expires after receiving the
NACK.
[0087] In another aspect, the beam management com-
ponent 1008 determines whether the UE has received
the beam change instruction by: determining whether the
UE and the base station are in a state disconnect, and
determining that the UE has not received the beam
change instruction if the UE and the base station are in
the state disconnect. In such an aspect, the third beam
is selected when a first duration expires after determining
that the UE and the base station are in the state discon-
nect. In such an aspect, the UE and the base station are
in the state disconnect if the base station has not received
an acknowledgement from the UE in response to the
beam change instruction regardless of whether the UE
has sent the acknowledgement or not.
[0088] In another aspect, the beam management com-
ponent 1008 determines whether the UE has received
the beam change instruction by: determining whether the
base station and the UE are able to communicate with
each other via the second beam at least for a second
duration, and determining that the UE has not received
the beam change instruction if the base station is not able
to communicate with each other via the second beam at
least for the second duration.
[0089] The beam management component 1008 se-
lects a third beam to communicate with the UE when the
base station determines that the UE has not received the
beam change instruction, where the third beam is a pre-

defined fallback beam. In an aspect, the first beam is at
least one of a first transmit beam or a first receive beam,
the second beam is at least one of a second transmit
beam or a second receive beam, and the fallback beam
is at least one of a fallback transmit beam or a fallback
receive beam.
[0090] In an aspect, a parameter value of a parameter
of the third beam is different from a parameter value of
the parameter of at least one of first/second beam. In an
aspect, the parameter of the third beam may include at
least one of a uplink power control offset, or aggregation
level on a downlink control channel. In such an aspect,
the parameter of the third beam may reflect at least one
of the following: an uplink power control offset of the third
beam being larger than an uplink power control offset of
the second beam, or an aggregation level on a control
channel for the third beam being higher than an aggre-
gation level on a downlink control channel for the second
beam. In an aspect, the parameter of the third beam may
be configured via at least one of an RRC signaling or a
downlink control channel. In an aspect, the parameter of
the third beam may be updated as the fallback beam is
updated with time.
[0091] In an aspect, the third beam is at least one of:
a beam with a wider beam width than a beam width of
the second beam, or a pseudo-omnidirectional beam at
the UE. In another aspect, the third beam is same as the
first beam.
[0092] In an aspect, the beam management compo-
nent 1008 transmits, via the communication manage-
ment component 1010 and the transmission component
1006, to the UE, at least one reference signal using a
plurality of candidate beams, at 1052, 1054, and 1056.
The beam management component 1008 receives, via
the communication management component 1010 and
the reception component 1004, an indication of the third
beam from the UE based on UE reception quality of the
at least one reference signal for each of the plurality of
candidate beams, at 1058, 1060, and 1062.
[0093] In an aspect, the beam management compo-
nent 1008 transmits, via the communication manage-
ment component 1010 and the transmission component
1006, to the UE, at least one reference signal using a
plurality of candidate beams, at 1052, 1054, and 1056.
The beam management component 1008 receives, via
the communication management component 1010 and
the reception component 1004, from the UE, a signal
quality report for at least one of the plurality of candidate
beams based on the at least one reference signal, at
1058, 1060, and 1062. The beam management compo-
nent 1008 selects a beam among the plurality of candi-
date beams as the third beam based on the signal quality
report. In an aspect, the signal quality report comprises
information on at least one of a beam identifier for each
candidate beams, an SNR for each candidate beam, an
SINR for each candidate beam, an RSRP for each can-
didate beam, a RSRQ, an RSSI for each candidate beam,
or a CQI for each candidate beam. In an aspect, the at
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least one reference signal includes at least one of an
secondary synchronization signal, a beam reference sig-
nal, a mobility reference signal, a CSI-RS, and a demod-
ulation reference signal for a physical broadcast channel
signal.
[0094] In an aspect, the beam management compo-
nent 1008 may transmit, via the communication manage-
ment component 1010 and the transmission component
1006, to the UE, a UE beam pattern for each of the can-
didate beams, where the signal quality report is further
based on the UE beam pattern, at 1052, 1054, and 1056.
[0095] In an aspect, the beam management compo-
nent 1008 determines that communication with the UE
using the third beam fails. The beam management com-
ponent 1008 performs a beam recovery procedure to se-
lect a fourth beam upon the determination that the com-
munication using the third beam fails. In an aspect, the
beam recovery procedure is based on at least one of a
beam recovery request or a RACH.
[0096] In an aspect, the beam management compo-
nent 1008 may perform the beam recovery procedure
by: receiving, from the UE, a random access channel
(RACH) signal that indicates the fourth beam, and se-
lecting the fourth beam to communicate with the UE
based on the RACH signal. In an aspect, the RACH signal
is received if the UE is not time-synchronized with the
base station. In an aspect, a resource for receiving the
RACH signal is selected based on a resource of a down-
link synchronization signal block.
[0097] In an aspect, the beam management compo-
nent 1008 may perform the beam recovery procedure
by: receiving, from the UE, a beam recovery request that
indicates the fourth beam, and selecting the fourth beam
to communicate with the UE based on the beam recovery
request. In an aspect, the beam recovery request is re-
ceived if the UE is not time-synchronized with the base
station. In an aspect, the beam recovery request is re-
ceived in a RACH subframe. In an aspect, a resource for
receiving the beam recovery request is selected based
on a resource of a downlink synchronization signal block.
[0098] The apparatus may include additional compo-
nents that perform each of the blocks of the algorithm in
the aforementioned flowcharts of FIGs. 7-9. As such,
each block in the aforementioned flowcharts of FIGs. 7-9
may be performed by a component and the apparatus
may include one or more of those components. The com-
ponents may be one or more hardware components spe-
cifically configured to carry out the stated processes/al-
gorithm, implemented by a processor configured to per-
form the stated processes/algorithm, stored within a com-
puter-readable medium for implementation by a proces-
sor, or some combination thereof.
[0099] FIG. 11 is a diagram 1100 illustrating an exam-
ple of a hardware implementation for an apparatus 1002’
employing a processing system 1114. The processing
system 1114 may be implemented with a bus architec-
ture, represented generally by the bus 1124. The bus
1124 may include any number of interconnecting buses

and bridges depending on the specific application of the
processing system 1114 and the overall design con-
straints. The bus 1124 links together various circuits in-
cluding one or more processors and/or hardware com-
ponents, represented by the processor 1104, the com-
ponents 1004, 1006, 1008, 1010, and the computer-read-
able medium / memory 1106. The bus 1124 may also
link various other circuits such as timing sources, periph-
erals, voltage regulators, and power management cir-
cuits, which are well known in the art, and therefore, will
not be described any further.
[0100] The processing system 1114 may be coupled
to a transceiver 1110. The transceiver 1110 is coupled
to one or more antennas 1120. The transceiver 1110
provides a means for communicating with various other
apparatus over a transmission medium. The transceiver
1110 receives a signal from the one or more antennas
1120, extracts information from the received signal, and
provides the extracted information to the processing sys-
tem 1114, specifically the reception component 1004. In
addition, the transceiver 1110 receives information from
the processing system 1114, specifically the transmis-
sion component 1006, and based on the received infor-
mation, generates a signal to be applied to the one or
more antennas 1120. The processing system 1114 in-
cludes a processor 1104 coupled to a computer-readable
medium / memory 1106. The processor 1104 is respon-
sible for general processing, including the execution of
software stored on the computer-readable medium /
memory 1106. The software, when executed by the proc-
essor 1104, causes the processing system 1114 to per-
form the various functions described supra for any par-
ticular apparatus. The computer-readable medium /
memory 1106 may also be used for storing data that is
manipulated by the processor 1104 when executing soft-
ware. The processing system 1114 further includes at
least one of the components 1004, 1006, 1008, 1010.
The components may be software components running
in the processor 1104, resident/stored in the computer
readable medium / memory 1106, one or more hardware
components coupled to the processor 1104, or some
combination thereof. The processing system 1114 may
be a component of the eNB 310 and may include the
memory 376 and/or at least one of the TX processor 316,
the RX processor 370, and the controller/processor 375.
[0101] In one configuration, the apparatus 1002/1002’
(base station) for wireless communication includes
means for determining to change from a first beam to a
second beam, means for transmitting, to a UE, a beam
change instruction to indicate the determination to
change to the second beam upon the determination to
change to the second beam, means for determining
whether the UE has received the beam change instruc-
tion, and means for selecting a third beam to communi-
cate with the UE when the base station determines that
the UE has not received the beam change instruction,
wherein the third beam is a predefined fallback beam. In
an aspect, the apparatus 1002/1002’ (base station) fur-
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ther includes means for transmitting, to the UE, at least
one reference signal using a plurality of candidate
beams, and means for receiving an indication of the third
beam from the UE based on UE reception quality of the
at least one reference signal for each of the plurality of
candidate beams. In an aspect, the apparatus
1002/1002’ (base station) further includes means for
transmitting, to the UE, at least one reference signal using
a plurality of candidate beams, means for receiving, from
the UE, a signal quality report for at least one of the plu-
rality of candidate beams based on the at least one ref-
erence signal, and means for selecting a beam among
the plurality of candidate beams as the third beam based
on the signal quality report. In such an aspect, the appa-
ratus 1002/1002’ (base station) further includes means
for transmitting, to the UE, a UE beam pattern for each
of the candidate beams, where the signal quality report
is further based on the UE beam pattern.
[0102] In an aspect, the means for determining wheth-
er the UE has received the beam change instruction is
configured to: determine whether a NACK is received
from the UE in response to the beam change instruction,
and determine that the UE has not received the beam
change instruction if the NACK is received. In an aspect,
the means for determining whether the UE has received
the beam change instruction is configured to: determine
whether the UE and the base station are in a state dis-
connect, and determine that the UE has not received the
beam change instruction if the UE and the base station
are in the state disconnect. In an aspect, the means for
determining whether the UE has received the beam
change instruction is configured to: determine whether
the base station and the UE are able to communicate
with each other via the second beam at least for a second
duration, and determine that the UE has not received the
beam change instruction if the base station is not able to
communicate with each other via the second beam at
least for the second duration.
[0103] In an aspect, the apparatus 1002/1002’ (base
station) further includes means for determining that com-
munication with the UE using the third beam fails, and
means for performing a beam recovery procedure to se-
lect a fourth beam upon the determination that the com-
munication using the third beam fails. In an aspect, the
means for performing the beam recovery procedure is
configured to: receive, from the UE, a RACH signal that
indicates the fourth beam, and select the fourth beam to
communicate with the UE based on the RACH signal. In
an aspect, the means for performing the beam recovery
procedure is configured to: receive, from the UE, a beam
recovery request that indicates the fourth beam, and se-
lect the fourth beam to communicate with the UE based
on the beam recovery request.
[0104] The aforementioned means may be one or
more of the aforementioned components of the appara-
tus 1002 and/or the processing system 1114 of the ap-
paratus 1002’ configured to perform the functions recited
by the aforementioned means. As described supra, the

processing system 1114 may include the TX Processor
316, the RX Processor 370, and the controller/processor
375. As such, in one configuration, the aforementioned
means may be the TX Processor 316, the RX Processor
370, and the controller/processor 375 configured to per-
form the functions recited by the aforementioned means.
[0105] FIG. 12 is a flowchart 1200 of a method of wire-
less communication. The method may be performed by
a UE (e.g., the UE 104, UE 702, the apparatus
1502/1502’). At 1202, the UE may continue from per-
forming additional features, as discussed infra. At 1204,
the UE utilizes a first UE beam to communicate with a
base station that is configured to use a first beam of the
base station. For example, as illustrated in FIG. 7, the
base station 704 and the UE 702 may communicate with
each other using a current beam of the base station 704
(e.g., a beam selected to communicate with the UE). In
an aspect, at 1206, the UE may indicate to the base sta-
tion that is configured to use the first beam of the base
station to change from the first beam to the second beam.
For example, as illustrated in FIG. 7, at 712, the UE 702
informs the base station 712 that the base station should
change from the current beam to the second beam (e.g.,
by sending a beam change request to change from the
current beam to the second beam).
[0106] In an aspect, at 1208, the UE may determine
whether the UE has received a beam change instruction
that indicates determination by the base station to
change from the first beam to the second beam. At 1210,
the UE may switch from the first UE beam to a second
UE beam when the UE receives the beam change in-
struction. For example, as illustrated in FIG. 7, the UE
702 may determine whether the UE received the beam
change instruction. In an aspect, for example, if the UE
702 has successfully received the beam change instruc-
tion, the UE 702 may switch to a second UE beam.
[0107] At 1212, the UE determines whether the UE has
lost communication with the base station. For example,
as illustrated in FIG. 7, at 724, the UE 702 may determine
whether UE 702 has lost communication with the base
station 704 (e.g., after the base station sends the beam
change instruction at 718). In an aspect, the UE may
determine that the UE has lost communication with the
base station if the UE fails to communicate with the base
station using the second UE beam after receiving the
beam change instruction. For example, as illustrated in
FIG. 7, the UE 702 may determine that the UE 702 has
lost communication with the base station 704 if the UE
702 fails to communicate with the base station using the
second UE beam after receiving the beam change in-
struction. In an aspect, the UE may determine that the
UE has lost communication with the base station if the
UE fails to successfully receive the beam change instruc-
tion that indicates determination by the base station to
change from the first beam to the second beam and fails
to communicate with the base station using the first UE
beam. For example, as illustrated in FIG. 7, the UE 702
may determine that the UE 702 has lost communication
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with the base station 704 if the UE 702 fails to successfully
receive the beam change instruction (and fails to com-
municate with the base station 704 using the first UE
beam). In an aspect, the UE may determine that the UE
has lost communication with the base station if the UE
does not determine that the base station has received
an acknowledgment of successful reception of a beam
change instruction from the base station after the UE
transmits the acknowledgment to the base station. For
example, as illustrated in FIG. 7, the UE 702 may deter-
mine that the UE 702 has lost communication with the
base station 704 if the UE 702 does not determine that
the base station 704 has received an ACK of successful
reception of the beam change instruction after the UE
702 transmits the ACK to the base station 704.
[0108] At 1214, the UE determines that the base sta-
tion is not configured with a second beam of the base
station when the UE determines that the UE has lost com-
munication. For example, as illustrated in FIG. 7, if the
UE 702 determines at 724 that the UE 702 lost commu-
nication with the base station 704, the UE 702 may de-
termine that the base station is not configured with the
second beam. At 1216, the UE selects a third UE beam
to communicate with the base station via a third beam of
the base station, in response to determining that the base
station is not configured with the second beam of the
base station, where the third beam is a predefined beam.
For example, as illustrated in FIG. 7, upon determining
that the base station is not configured with the second
beam of the base station, the UE 702 may select a dif-
ferent UE beam to communicate with the base station
704 utilizing the fallback beam.
[0109] In an aspect, the first beam is at least one of a
first transmit beam or a first receive beam, the second
beam is at least one of a second transmit beam or a
second receive beam, and the fallback beam is at least
one of a fallback transmit beam or a fallback receive
beam. For example, as discussed supra, the current
beam may be a current receive beam and/or a current
transmit beam at the base station, the second beam may
be a second receive beam and/or a second transmit
beam at the base station, and the fallback beam may be
a receive beam and/or a transmit beam at the base sta-
tion. At 1218, the UE may perform additional features,
as discussed infra.
[0110] In an aspect, a parameter value for a parameter
of the third beam may be different from a parameter value
for the parameter of at least one of the first beam or the
second beam. For example, as discussed supra, param-
eters for communication using the fallback beam may
have different values from the parameters for communi-
cation using other beams (e.g., current beam, the second
beam). In an aspect, the parameter of the third beam
may include at least one of a uplink power control offset,
or aggregation level on a downlink control channel. In
such an aspect, the parameter of the third beam may
reflect at least one of the following: an uplink power con-
trol offset of the third beam being larger than an uplink

power control offset of the second beam, or an aggrega-
tion level on a control channel for the third beam being
higher than an aggregation level on a downlink control
channel for the second beam. For example, as discussed
supra, the parameters for communication using the fall-
back beam may include at least one of a uplink power
control offset, or aggregation level on a downlink control
channel. For example, as discussed supra, a fallback
beam may have a larger uplink power control offset. For
example, as discussed supra, the aggregation level on
a downlink control channel (e.g., PDCCH) for the fallback
beam may be higher than the aggregation level on a
downlink control channel (e.g., PDCCH) for other beams.
In an aspect, the parameter of the third beam may be
configured via at least one of an RRC signaling or a down-
link control channel. In an aspect, the parameter of the
third beam may be updated as the fallback beam may
be updated with time. For example, as discussed supra,
the parameters for communication using the fallback
beam may be configured by RRC signaling and/or by a
downlink control channel (e.g., PDCCH) and/or may be
reconfigured if the fallback beam changes to another fall-
back beam or properties of the fallback beam change.
[0111] In an aspect, the third beam is at least one of:
a beam with a wider beam width than a beam width of
the second beam, or a pseudo-omnidirectional beam at
the UE. For example, as discussed supra, the fallback
beam may be a wide beam at the base station and/or
may be a pseudo-omni beam (e.g., a beam with an an-
gular range of 120 degrees) at the UE. In an aspect, the
third beam may be same as the first beam. For example,
as discussed supra, the fallback beam may be the current
working beam (e.g., the current beam before beam
switching). In an aspect, the third UE beam may be same
as the first UE beam.
[0112] FIG. 13A is a flowchart 1300 of a method of
wireless communication, expanding from the flowchart
1200 of FIG. 12. The method may be performed by a UE
(e.g., the UE 104, UE 702, the apparatus 1502/1502’).
At 1302, the UE receives, from the base station, at least
one reference signal using a plurality of candidate
beams. AT 1304, the UE transmits, to the base station,
an indication of the third beam from the UE based on UE
reception quality of the at least one reference signal for
each of the plurality of candidate beams. For example,
as discussed supra, the UE may make the measure-
ments of the signal quality based on the signal quality of
communication from the base station to the UE (e.g.,
based on signal quality of communication of a reference
signal from the base station using the candidate fallback
beams) and/or the signal quality of communication from
the UE to the base station, using each beam pair (e.g.,
based on signal quality of communication of a reference
signal to the base station using the candidate fallback
beams). For example, as discussed supra, based on the
measurement of each beam pair, the UE selects the best
candidate fallback beam of the base station as a fallback
beam that the base station may use to communicate with
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the UE. When the UE selects the fallback beam of the
base station, the UE indicates to the base station the
fallback beam of the base station (e.g., by transmitting a
beam identifier of the fallback beam). At 1202, the base
station continues to perform features of the flowchart
1200 of FIG. 12.
[0113] FIG. 13B is a flowchart 1350 of a method of
wireless communication, expanding from the flowchart
1200 of FIG. 12. The method may be performed by a UE
(e.g., the UE 104, UE 702, the apparatus 1502/1502’).
At 1352, the UE receives, from the base station, at least
one reference signal using a plurality of candidate
beams. At 1354, the UE transmits, to the base station, a
signal quality report for at least one of the plurality of
candidate beams based on the at least one reference
signal. In an aspect, the signal quality report is used to
set a beam among the plurality of candidate beams as
the third beam. For example, as discussed supra, a UE
may measure the quality of candidate beams (e.g., ref-
erence beams) used by the base station to transmit ref-
erence signal(s) to the UE, where the quality of the each
candidate beam is measured based on the reference sig-
nal(s), and may subsequently send a measurement re-
port of the measurements of the quality of candidate
beams to the base station, such that the base station
may select a fallback beam out of the multiple candidate
beams based on the measurement report.
[0114] In an aspect, the signal quality report comprises
information on at least one of a beam identifier for each
candidate beams, an SNR for each candidate beam, an
SINR for each candidate beam, an RSRP for each can-
didate beam, an RSRQ, an RSSI for each candidate
beam, or a CQI for each candidate beam. For example,
as discussed supra, the measurement report of the qual-
ity of the reference signals may include information on
at least one of a beam identifier for each candidate beam,
an SNR for each candidate beam, an SINR for each can-
didate beam, an RSRP for each candidate beam, an
RSRQ, an RSSI for each candidate beam, or a CQI for
each candidate beam. In an aspect, the at least one ref-
erence signal includes at least one of an secondary syn-
chronization signal, a beam reference signal, a mobility
reference signal, a CSI-RS, and a demodulation refer-
ence signal for a physical broadcast channel signal. For
example, as discussed supra, the reference signal may
include one or more of an SSS, a BRS, a mobility refer-
ence signal, a CSI-RS, and a DMRS for a PBCH signal
[0115] At 1356, the UE may receive, from the base
station, a UE beam pattern for each of the candidate
beams, where the signal quality report is further based
on the UE beam pattern. For example, as discussed su-
pra, the base station may specify (e.g., to the UE) a UE
beam pattern for each of the candidate beams when the
UE measures the reference signal. For example, as dis-
cussed supra, the base station may request the UE to
try different UE beams (e.g., based on the UE beam pat-
tern) when the base station is transmitting the reference
signal, such that the UE may find a UE beam that provides

the best signal quality (e.g., a UE beam with the highest
signal strength) when used with a fallback beam of the
base station. At 1202, the base station continues to per-
form features of the flowchart 1200 of FIG. 12.
[0116] FIG. 14 is a flowchart 1400 of a method of wire-
less communication, expanding from the flowchart 1200
of FIG. 12. The method may be performed by a UE (e.g.,
the UE 104, UE 702, the apparatus 1502/1502’).
[0117] At 1218, the base station continues from the
flowchart 1200 of FIG. 12. At 1402, the UE determines
that communication with the base station using the third
beam fails. At 1404, the UE performs a beam recovery
procedure to select a fourth beam upon the determination
that the communication using the third beam fails. For
example, as discussed supra, when communication us-
ing the fallback beam fails for the base station and/or the
UE, the UE and/or the base station may initiate a beam
recovery procedure. In an aspect, the beam recovery pro-
cedure is based on at least one of a beam recovery re-
quest or a RACH. For example, as discussed supra, the
beam recovery procedure may be based on a RACH sig-
nal and/or a beam recovery request.
[0118] In an aspect, the UE may perform the beam
recovery procedure by: transmitting, to the base station,
a RACH signal that indicates the fourth beam, where the
RACH signal is used to select the fourth beam for the
base station to communicate with the UE. For example,
as discussed supra, according to one approach, the UE
may transmit a RACH signal to the base station to indi-
cate a recovery beam to the base station, such that the
base station may select the recovery beam for commu-
nication with the UE. In an aspect, the RACH signal is
transmitted if the UE is not time-synchronized with the
base station. For example, as discussed supra, the UE
may transmit a RACH signal to the base station if the UE
is not time-synchronized with the base station. In an as-
pect, a resource for receiving the RACH signal at the
base station is selected based on a resource of a down-
link synchronization signal block. For example, as dis-
cussed supra, the base station may use a beam associ-
ated with the selected resource of the downlink synchro-
nization signal block, as a recovery beam to communi-
cate with the UE.
[0119] In an aspect, the UE may perform the beam
recovery procedure by: transmitting, to the base station,
a beam recovery request that indicates the fourth beam,
where the beam recovery request is used to select the
fourth beam for the base station to communicate with the
UE. For example, as discussed supra, according to an-
other approach, the UE may transmit a beam recovery
request to the base station to indicate a recovery beam
to the base station, such that the base station may select
the recovery beam for communication with the UE. In an
aspect, the beam recovery request is transmitted if the
UE is not time-synchronized with the base station. For
example, as discussed supra, the UE may transmit the
beam recovery request to the base station if the UE is
not time-synchronized with the base station. In an aspect,
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the beam recovery request is transmitted in a RACH sub-
frame. For example, as discussed supra, the beam re-
covery request may be transmitted through a RACH sub-
frame. In an aspect, a resource for receiving the beam
recovery request at the base station is selected based
on a resource of a downlink synchronization signal block.
For example, as discussed supra, the resource selection
for the beam recovery request may be based on a re-
source of a downlink synchronization signal block.
[0120] FIG. 15 is a conceptual data flow diagram 1500
illustrating the data flow between different means/com-
ponents in an exemplary apparatus 1502. The apparatus
may be a UE. The apparatus includes a reception com-
ponent 1504, a transmission component 1506, a beam
management component 1508, and a communication
management component 1510.
[0121] The beam management component 1508 uti-
lizes a first UE beam to communicate with a base station
that is configured to use a first beam of the base station
(e.g., base station 1530) (e.g., via the communication
management component 1510, the transmission com-
ponent 1506, and the reception component 1504, at
1552, 1554, 1556, 1558, 1560, and 1562). In an aspect,
the beam management component 1508 may indicate
to the base station that is configured to use the first beam
of the base station to change from the first beam to the
second beam, via the transmission component 1506 and
the communication management component 1510, at
1552, 1554, and 1556.
[0122] In an aspect, the beam management compo-
nent 1508 may determine whether the UE has received
a beam change instruction that indicates determination
by the base station to change from the first beam to the
second beam. The beam management component 1508
may switch from the first UE beam to a second UE beam
when the UE receives the beam change instruction.
[0123] The beam management component 1508 de-
termines whether the UE has lost communication with
the base station. In an aspect, the beam management
component 1508 determines that the UE has lost com-
munication with the base station if the UE fails to com-
municate with the base station using the second UE
beam after receiving the beam change instruction. In an
aspect, the beam management component 1508 deter-
mines that the UE has lost communication with the base
station if the UE fails to successfully receive the beam
change instruction that indicates determination by the
base station to change from the first beam to the second
beam and fails to communicate with the base station us-
ing the first UE beam. In an aspect, the beam manage-
ment component 1508 determines that the UE has lost
communication with the base station if the UE does not
determine that the base station has received an acknowl-
edgment of successful reception of a beam change in-
struction from the base station after the UE transmits the
acknowledgment to the base station. The beam manage-
ment component 1508 determines that the base station
is not configured with a second beam of the base station

when the beam management component 1508 deter-
mines that the UE has lost communication. The beam
management component 1508 selects a second UE
beam to communicate with the base station via a third
beam of the base station, in response to determining that
the base station is not configured with the second beam
of the base station, where the third beam is a predefined
beam. In an aspect, the first beam is at least one of a
first transmit beam or a first receive beam, the second
beam is at least one of a second transmit beam or a
second receive beam, and the fallback beam is at least
one of a fallback transmit beam or a fallback receive
beam.
[0124] In an aspect, a parameter value for a parameter
of the third beam is different from a parameter value for
the parameter of at least one of the first beam or the
second beam. In an aspect, the parameter of the third
beam include at least one of a uplink power control offset,
or aggregation level on a downlink control channel. In
such an aspect, the parameter of the third beam reflect
at least one of the following: an uplink power control offset
of the third beam being larger than an uplink power con-
trol offset of the second beam, or an aggregation level
on a control channel for the third beam being higher than
an aggregation level on a downlink control channel for
the second beam. In an aspect, the parameter of the third
beam are configured via at least one of a RRC signaling
or a downlink control channel. In an aspect, the param-
eter of the third beam are updated as the fallback beam
is updated with time.
[0125] In an aspect, the third beam is at least one of:
a beam with a wider beam width than a beam width of
the second beam, or a pseudo-omnidirectional beam at
the UE. In another aspect, the third beam is same as the
first beam.
[0126] In an aspect, the beam management compo-
nent 1508 receives, via the reception component 1504
and the communication management component 1510,
from the base station, at least one reference signal using
a plurality of candidate beams, at 1558, 1560, and 1562.
The beam management component 1508 transmits, via
the transmission component 1506 and the communica-
tion management component 1510, to the base station,
an indication of the third beam from the UE based on UE
reception quality of the at least one reference signal for
each of the plurality of candidate beams, at 1552, 1554,
and 1556.
[0127] In an aspect, the beam management compo-
nent 1508 receives, via the reception component 1504
and the communication management component 1510,
from the base station, at least one reference signal using
a plurality of candidate beams, at 1558, 1560, and 1562.
The beam management component 1508 transmits, via
the transmission component 1506 and the communica-
tion management component 1510, to the base station,
a signal quality report for at least one of the plurality of
candidate beams based on the at least one reference
signal. In an aspect, the signal quality report is used to
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set a beam among the plurality of candidate beams as
the third beam, at 1552, 1554, and 1556.
[0128] In an aspect, the signal quality report comprises
information on at least one of a beam identifier for each
candidate beams, an SNR for each candidate beam, an
SINR for each candidate beam, an RSRP for each can-
didate beam, an RSRQ, a RSSI for each candidate beam,
or a CQI for each candidate beam. In an aspect, the at
least one reference signal includes at least one of an
secondary synchronization signal, a beam reference sig-
nal, a mobility reference signal, a CSI-RS, and a demod-
ulation reference signal for a physical broadcast channel
signal.
[0129] In an aspect, the beam management compo-
nent 1508 receives, via the reception component 1504
and the communication management component 1510,
from the base station, a UE beam pattern for each of the
candidate beams, where the signal quality report is fur-
ther based on the UE beam pattern, at 1558, 1560, and
1562.
[0130] In an aspect, the beam management compo-
nent 1508 determines via the communication manage-
ment component 1510 that communication with the base
station using the third beam fails. The beam management
component 1508 performs a beam recovery procedure
to select a fourth beam upon the determination that the
communication using the third beam fails. In an aspect,
the beam recovery procedure is based on at least one
of a beam recovery request or a random access channel
(RACH).
[0131] In an aspect, the beam management compo-
nent 1508 may perform the beam recovery procedure
by: transmitting, via the communication management
component 1510 and the transmission component 1506,
to the base station, a RACH signal that indicates the
fourth beam, where the RACH signal is used to select
the fourth beam for the base station to communicate with
the UE. In an aspect, the RACH signal is transmitted if
the UE is not time-synchronized with the base station. In
an aspect, a resource for receiving the RACH signal at
the base station is selected based on a resource of a
downlink synchronization signal block.
[0132] In an aspect, the beam management compo-
nent 1508 may perform the beam recovery procedure
by: transmitting, via the communication management
component 1510 and the transmission component 1506,
to the base station, a beam recovery request that indi-
cates the fourth beam, where the beam recovery request
is used to select the fourth beam for the base station to
communicate with the UE. In an aspect, the beam recov-
ery request is transmitted if the UE is not time-synchro-
nized with the base station. In an aspect, the beam re-
covery request is transmitted in a RACH subframe. In an
aspect, a resource for receiving the beam recovery re-
quest at the base station is selected based on a resource
of a downlink synchronization signal block
[0133] The apparatus may include additional compo-
nents that perform each of the blocks of the algorithm in

the aforementioned flowcharts of FIGs. 12-14. As such,
each block in the aforementioned flowcharts of FIGs.
12-14 may be performed by a component and the appa-
ratus may include one or more of those components. The
components may be one or more hardware components
specifically configured to carry out the stated process-
es/algorithm, implemented by a processor configured to
perform the stated processes/algorithm, stored within a
computer-readable medium for implementation by a
processor, or some combination thereof.
[0134] FIG. 16 is a diagram 1600 illustrating an exam-
ple of a hardware implementation for an apparatus 1502’
employing a processing system 1614. The processing
system 1614 may be implemented with a bus architec-
ture, represented generally by the bus 1624. The bus
1624 may include any number of interconnecting buses
and bridges depending on the specific application of the
processing system 1614 and the overall design con-
straints. The bus 1624 links together various circuits in-
cluding one or more processors and/or hardware com-
ponents, represented by the processor 1604, the com-
ponents 1504, 1506, 1508, 1510, and the computer-read-
able medium / memory 1606. The bus 1624 may also
link various other circuits such as timing sources, periph-
erals, voltage regulators, and power management cir-
cuits, which are well known in the art, and therefore, will
not be described any further.
[0135] The processing system 1614 may be coupled
to a transceiver 1610. The transceiver 1610 is coupled
to one or more antennas 1620. The transceiver 1610
provides a means for communicating with various other
apparatus over a transmission medium. The transceiver
1610 receives a signal from the one or more antennas
1620, extracts information from the received signal, and
provides the extracted information to the processing sys-
tem 1614, specifically the reception component 1504. In
addition, the transceiver 1610 receives information from
the processing system 1614, specifically the transmis-
sion component 1506, and based on the received infor-
mation, generates a signal to be applied to the one or
more antennas 1620. The processing system 1614 in-
cludes a processor 1604 coupled to a computer-readable
medium / memory 1606. The processor 1604 is respon-
sible for general processing, including the execution of
software stored on the computer-readable medium /
memory 1606. The software, when executed by the proc-
essor 1604, causes the processing system 1614 to per-
form the various functions described supra for any par-
ticular apparatus. The computer-readable medium /
memory 1606 may also be used for storing data that is
manipulated by the processor 1604 when executing soft-
ware. The processing system 1614 further includes at
least one of the components 1504, 1506, 1508, 1510.
The components may be software components running
in the processor 1604, resident/stored in the computer
readable medium / memory 1606, one or more hardware
components coupled to the processor 1604, or some
combination thereof. The processing system 1614 may
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be a component of the UE 350 and may include the mem-
ory 360 and/or at least one of the TX processor 368, the
RX processor 356, and the controller/processor 359.
[0136] In one configuration, the apparatus 1502/1502’
(UE) for wireless communication includes means for uti-
lizing a first UE beam to communicate with a base station
that is configured to use a first beam of the base station,
means for determining whether the UE has lost commu-
nication with the base station, means for determining that
the base station is not configured with a second beam of
the base station when the UE determines that the UE
has lost communication, and means for selecting a third
UE beam to communicate with the base station via a third
beam of the base station, in response to determining that
the base station is not configured with the second beam
of the base station, wherein the third beam is a predefined
beam. In an aspect, the apparatus 1502/1502’ includes
means for determining whether the UE has received a
beam change instruction that indicates determination by
the base station to change from the first beam to the
second beam, and means for switching from the first UE
beam to a second UE beam when the UE receives the
beam change instruction. In an aspect, the means for
determining that the UE has lost communication is con-
figured to determine that the UE has lost communication
with the base station if the UE fails to communicate with
the base station using the second UE beam after receiv-
ing the beam change instruction. In an aspect, the means
for determining that the UE has lost communication is
configured to determine that the UE has lost communi-
cation with the base station if the UE fails to successfully
receive the beam change instruction that indicates de-
termination by the base station to change from the first
beam to the second beam and fails to communicate with
the base station using the first UE beam. In an aspect,
the means for determining that the UE has lost commu-
nication is configured to determine that the UE has lost
communication with the base station if the UE does not
determine that the base station has received an acknowl-
edgment of successful reception of a beam change in-
struction from the base station after the UE transmits the
acknowledgment to the base station. In an aspect, the
apparatus 1502/1502’ (UE) may further include means
for indicating to the base station that is configured to use
the first beam of the base station to change from the first
beam to the second beam. In an aspect, the apparatus
1502/1502’ (UE) may further include means for receiving,
from the base station, at least one reference signal using
a plurality of candidate beams, and means for transmit-
ting, to the base station, an indication of the third beam
from the UE based on UE reception quality of the at least
one reference signal for each of the plurality of candidate
beams. In an aspect, the apparatus 1502/1502’ (UE) may
further include means for receiving, from the base station,
at least one reference signal using a plurality of candidate
beams, means for transmitting, to the base station, a sig-
nal quality report for at least one of the plurality of can-
didate beams based on the at least one reference signal,

where the signal quality report is used to set a beam
among the plurality of candidate beams as the third
beam. In such an aspect, the apparatus 1502/1502’ (UE)
may further include means for receiving, from the base
station, a UE beam pattern for each of the candidate
beams, where the signal quality report is further based
on the UE beam pattern.
[0137] In an aspect, the apparatus 1502/1502’ (UE)
may further include means for determining that commu-
nication with the base station using the third beam fails,
and means for performing a beam recovery procedure
to select a fourth beam upon the determination that the
communication using the third beam fails. In an aspect,
the means for performing the beam recovery procedure
is configured to: transmit, to the base station, a random
access channel (RACH) signal that indicates the fourth
beam, wherein the RACH signal is used to select the
fourth beam for the base station to communicate with the
UE. In an aspect, the means for performing the beam
recovery procedure is configured to: transmit, to the base
station, a beam recovery request that indicates the fourth
beam, where the beam recovery request is used to select
the fourth beam for the base station to communicate with
the UE.
[0138] The aforementioned means may be one or
more of the aforementioned components of the appara-
tus 1502 and/or the processing system 1614 of the ap-
paratus 1502’ configured to perform the functions recited
by the aforementioned means. As described supra, the
processing system 1614 may include the TX Processor
368, the RX Processor 356, and the controller/processor
359. As such, in one configuration, the aforementioned
means may be the TX Processor 368, the RX Processor
356, and the controller/processor 359 configured to per-
form the functions recited by the aforementioned means.
[0139] The previous description is provided to enable
any person skilled in the art to practice the various as-
pects described herein. Various modifications to these
aspects will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied
to other aspects. Thus, the claims are not intended to be
limited to the aspects shown herein, but is to be accorded
the full scope consistent with the language claims, where-
in reference to an element in the singular is not intended
to mean "one and only one" unless specifically so stated,
but rather "one or more." The word "exemplary" is used
herein to mean "serving as an example, instance, or il-
lustration." Any aspect described herein as "exemplary"
is not necessarily to be construed as preferred or advan-
tageous over other aspects. Unless specifically stated
otherwise, the term "some" refers to one or more. Com-
binations such as "at least one of A, B, or C," "one or
more of A, B, or C," "at least one of A, B, and C," "one
or more of A, B, and C," and "A, B, C, or any combination
thereof’ include any combination of A, B, and/or C, and
may include multiples of A, multiples of B, or multiples of
C. Specifically, combinations such as "at least one of A,
B, or C," "one or more of A, B, or C," "at least one of A,
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B, and C," "one or more of A, B, and C," and "A, B, C, or
any combination thereof’ may be A only, B only, C only,
A and B, A and C, B and C, or A and B and C, where any
such combinations may contain one or more member or
members of A, B, or C.

Claims

1. A method of wireless communication by a base sta-
tion (102; 402; 704), the method comprising:

determining (714; 804) to change from a first
beam to a second beam;
transmitting (806), to a user equipment, UE,
(104; 404; 702) a beam change instruction (718)
to indicate the determination to change to the
second beam upon the determination to change
to the second beam;
selecting (722; 810) a third beam to communi-
cate with the UE (104; 404; 702), the method
characterized by:

determining (720; 808) whether the UE
(104; 404; 702) has received the beam
change instruction (718) based on receiving
a negative acknowledgement, NACK, or not
receiving an acknowledgement, ACK, from
the UE (104; 404; 702) or if there is a state
disconnect between the base station and
the UE, wherein the selecting (722) the third
beam to communicate with the UE (104;
404; 702) is in response to the base station
determining that the UE (104; 404; 702) has
not received the beam change instruction
(718)
determining that communication with the
UE using the third beam fails; and
performing a beam recovery procedure to
select a fourth beam upon the determination
that the communication using the third
beam fails.

2. The method of claim 1, wherein a parameter value
for a parameter of the third beam is different from a
parameter value for the parameter of at least one of
the first beam or the second beam, and wherein the
parameter of the third beam includes at least one of
a uplink power control offset, or aggregation level on
a downlink control channel.

3. The method of claim 2, wherein the parameter of the
third beam reflects at least one of the following:

an uplink power control offset of the third beam
being larger than an uplink power control offset
of the second beam, or
an aggregation level on a control channel for the

third beam being higher than an aggregation lev-
el on a downlink control channel for the second
beam.

4. The method of claim 2, wherein the parameter of the
third beam is configured based on at least one of a
radio resource control, RRC, signaling or a downlink
control channel.

5. The method of claim 1, wherein the third beam is
same as the first beam.

6. The method of claim 1, further comprising:
transmitting, to the UE, at least one reference signal
using a plurality of candidate beams, and either:

receiving an indication of the third beam from
the UE based on UE reception quality of the at
least one reference signal for each of the plural-
ity of candidate beams; or
receiving, from the UE, a signal quality report
for at least one of the plurality of candidate
beams based on the at least one reference sig-
nal; and
selecting a beam among the plurality of candi-
date beams as the third beam based on the sig-
nal quality report.

7. The method of claim 6, when the signal quality report
is received, further comprising:

transmitting, to the UE, a UE beam pattern for
each of the plurality of candidate beams,
wherein the signal quality report is further based
on the UE beam pattern.

8. The method of claim 1, wherein the determining
whether the UE has received the beam change in-
struction comprises at least one of:

determining whether the NACK is received from
the UE in response to the beam change instruc-
tion, and determining that the UE has not re-
ceived the beam change instruction if the NACK
is received; or
determining whether the UE and the base sta-
tion are in the state disconnect.

9. The method of claim 8, wherein the third beam is
selected when at least one of following conditions is
satisfied:

a first duration expiring after receiving the
NACK, or
the first duration expiring after determining that
the UE and the base station are in the state dis-
connect.
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10. A base station for wireless communication, compris-
ing:

a memory; and
at least one processor coupled to the memory
and configured to:

determine (714; 804) to change from a first
beam to a second beam;
transmit (806), to a user equipment, UE,
(104; 404; 702) a beam change instruction
(718) to indicate the determination to
change to the second beam upon the de-
termination to change to the second beam;
select (722; 810) a third beam to communi-
cate with the UE (104; 404; 702), the base
station characterized in that the at least
one processor is further configured to:

determine (720; 808) whether the UE
(104; 404; 702) has received the beam
change instruction (718) based on re-
ceiving a negative acknowledgement,
NACK, or not receiving an acknowl-
edgement, ACK, from the UE (104;
404; 702) or if there is a state discon-
nect between the base station and the
UE, wherein the selecting (722) the
third beam to communicate with the UE
(104; 404; 702) is in response to the
base station determining that the UE
(104; 404; 702) has not received the
beam change instruction (718)
determine that communication with the
UE using the third beam fails; and
perform a beam recovery procedure to
select a fourth beam upon the determi-
nation that the communication using
the third beam fails .

11. The base station of claim 10, wherein a parameter
value for a parameter of the third beam is different
from a parameter value for the parameter of at least
one of the first beam or the second beam, and where-
in the parameter of the third beam includes at least
one of a uplink power control offset, or aggregation
level on a downlink control channel.

12. The base station of claim 11, wherein the parameter
of the third beam reflects at least one of the following:

an uplink power control offset of the third beam
being larger than an uplink power control offset
of the second beam, or
an aggregation level on a control channel for the
third beam being higher than an aggregation lev-
el on a downlink control channel for the second
beam.

13. The base station of claim 11, wherein the parameter
of the third beam is configured based on at least one
of a radio resource control, RRC, signaling or a
downlink control channel.

14. The base station of claim 10, wherein the third beam
is same as the first beam.

15. The base station of claim 10, wherein the at least
one processor is further configured to:
transmit, to the UE, at least one reference signal us-
ing a plurality of candidate beams, and either:

receive an indication of the third beam from the
UE based on UE reception quality of the at least
one reference signal for each of the plurality of
candidate beams; or
receive, from the UE, a signal quality report for
at least one of the plurality of candidate beams
based on the at least one reference signal; and
select a beam among the plurality of candidate
beams as the third beam based on the signal
quality report.

Patentansprüche

1. Ein Verfahren für Drahtloskommunikation durch eine
Basisstation (102; 402, 704), wobei das Verfahren
Folgendes aufweist:

Bestimmen (714; 804) von einem ersten Beam
bzw. Strahl zu einem zweiten Strahl zu wech-
seln;
Senden (806), an eine Nutzereinrichtung bzw.
UE (UE = user equipment) (104; 404; 702) eines
Strahlwechselbefehls (718), um eine Bestim-
mung anzuzeigen zu dem zweiten Strahl zu
wechseln auf die Bestimmung hin, zu dem zwei-
ten Strahl zu wechseln;
Auswählen (722; 810) eines dritten Strahls zum
Kommunizieren mit der UE (104; 404; 702), wo-
bei das Verfahren gekennzeichnet ist durch:

Bestimmen (720; 808), ob die UE (104; 404;
702) den Strahlwechsel (718) empfangen
hat basierend auf Empfangen einer negati-
ven Bestätigung bzw. eines NACK (NACK
= negative acknowledgement) oder Nicht-
Empfangen einer Bestätigung bzw. eines
ACK (ACK = acknowledgement) von der UE
(104; 404; 702), oder wenn es einen Nicht-
Verbunden-Zustand zwischen der Basis-
station und der UE gibt, wobei das Auswäh-
len (722) des dritten Strahls zum Kommu-
nizieren mit der UE (104; 404; 702) anspre-
chend darauf stattfindet, dass die UE be-
stimmt, dass die UE (104; 404; 702) den
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Strahlwechselbefehl (718) nicht empfan-
gen hat
Bestimmen, dass Kommunikation mit der
UE unter Nutzung des dritten Strahls fehl-
schlägt; und
Durchführen einer Strahlwiedergewin-
nungsprozedur zum Auswählen eines vier-
ten Strahls auf die Bestimmung hin, dass
die Kommunikation unter Nutzung des drit-
ten Strahls fehlschlägt.

2. Verfahren nach Anspruch 1, wobei sich ein Parame-
terwert für einen Parameter des dritten Strahls von
einem Parameterwert für den Parameter von we-
nigstens einem von dem ersten Strahl oder dem
zweiten Strahl unterscheidet, und wobei der Para-
meter des dritten Strahls wenigstens eines von ei-
nem Aufwärtsstreckenleistungssteuerungsversatz
oder einer Aggregationsstufe eines Abwärtsstre-
ckensteuerkanals aufweist.

3. Verfahren nach Anspruch 2, wobei der Parameter
des dritten Strahls wenigstens eines von Folgendem
wiedergibt:

ein Aufwärtsstreckenleistungssteuerungsver-
satz des dritten Strahls ist größer als ein
Aufwärtsstreckenleistungssteuerungsversatz
des zweiten Strahls, oder
eine Aggregationsstufe auf einem Steuerkanal
für den dritten Strahl ist höher als eine Aggre-
gationsstufe auf einem Abwärtsstreckensteuer-
kanal für den zweiten Strahl.

4. Verfahren nach Anspruch 2, wobei der Parameter
des dritten Strahls konfiguriert ist basierend auf we-
nigstens einem von einer Funkressourcensteue-
rungs- bzw. RRC-Signalisierung (RRC = radio re-
source control) oder einem Abwärtsstreckensteuer-
kanal.

5. Verfahren nach Anspruch 1, wobei der dritte Strahl
der gleiche ist wie der erste Strahl.

6. Verfahren nach Anspruch 1, das weiter Folgendes
aufweist:
Senden, an die UE, wenigstens eines Referenzsig-
nals unter Nutzung einer Vielzahl von Kandidaten-
strahlen, und entweder:

Empfangen einer Anzeige des dritten Strahls
von der UE basierend auf einer UE-Empfangs-
qualität des wenigstens einen Referenzsignals
für jeden der Vielzahl von Kandidatenstrahlen;
oder
Empfangen, von der UE, eines Signalqualitäts-
berichts für wenigstens einen der Vielzahl von
Kandidatenstrahlen basierend auf dem wenigs-

tens einen Referenzsignal; und
Auswählen eines Strahls aus der Vielzahl von
Kandidatenstrahlen als den dritten Strahl basie-
rend auf dem Signalqualitätsbericht.

7. Verfahren nach Anspruch 6, das, wenn der Signal-
qualitätsbericht empfangen wird, weiter Folgendes
aufweist:

Senden, an die UE, eines UE-Strahlmusters für
jeden der Vielzahl von Kandidatenstrahlen,
wobei der Signalqualitätsbericht weiter auf dem
UE-Strahlmuster basiert.

8. Verfahren nach Anspruch 1, wobei das Bestimmen,
ob die UE den Strahlwechselbefehl empfangen hat,
wenigstens eines von Folgendem aufweist:

Bestimmen, ob das NACK von der UE empfan-
gen wird ansprechend auf den Strahlwechsel-
befehl und Bestimmen, dass die UE den Strahl-
wechselbefehl nicht empfangen hat, wenn das
NACK empfangen wird; oder
Bestimmen, ob die UE und die Basisstation in
dem Nicht-Verbunden-Zustand sind.

9. Verfahren nach Anspruch 8, wobei der dritte Strahl
ausgewählt wird, wenn wenigstens eine der folgen-
den Bedingungen erfüllt ist:

eine erste Dauer läuft ab nach Empfangen des
NACK, oder
die erste Dauer läuft ab nach Bestimmen, dass
die UE und die Basisstation in dem Nicht-Ver-
bunden-Zustand sind.

10. Eine Basisstation für Drahtloskommunikation, die
Folgendes aufweist:

einen Speicher; und
wenigstens einen Prozessor, der an den Spei-
cher gekoppelt ist und konfiguriert ist zum:

Bestimmen (714; 804) von einem ersten
Strahl zu einem zweiten Strahl zu wechseln;
Senden (806), an eine Nutzereinrichtung
bzw. UE (UE = user equipment) (104; 404;
702), eines Strahlwechselbefehls (718), um
die Bestimmung anzuzeigen zu dem zwei-
ten Strahl zu wechseln auf die Bestimmung
hin, zu dem zweiten Strahl zu wechseln;
Auswählen (722; 810) eines dritten Strahls
zum Kommunizieren mit der UE (104; 404;
702), wobei die Basisstation dadurch ge-
kennzeichnet ist, dass der wenigstens ei-
ne Prozessor weiter konfiguriert ist zum:

Bestimmen (720; 808), ob die UE (104;
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404; 702) den Strahlwechselbefehl
(718) empfangen hat basierend auf
Empfangen einer negativen Bestäti-
gung bzw. eines NACK (NACK = nega-
tive acknowledgement) oder Nicht-
Empfangen einer Bestätigung bzw. ei-
nes ACK (ACK = acknowledgement)
von der UE (104; 404; 702), oder ob es
einen Nicht-Verbunden-Zustand zwi-
schen der Basisstation und der UE gibt,
wobei das Auswählen (722) des dritten
Strahls zum Kommunizieren mit der UE
(104; 404; 702) ansprechend darauf
stattfindet, dass die UE bestimmt, dass
die UE (104; 404; 702) den Strahlwech-
selbefehl (718) nicht empfangen hat
Bestimmen, dass Kommunikation mit
der UE unter Nutzung des dritten
Strahls fehlschlägt; und
Durchführen einer Strahlwiedergewin-
nungsprozedur zum Auswählen eines
vierten Strahls auf die Bestimmung hin,
dass die Kommunikation unter Nut-
zung des dritten Strahls fehlschlägt.

11. Basisstation nach Anspruch 10, wobei sich ein Pa-
rameterwert für einen Parameter des dritten Strahls
von einem Parameterwert für den Parameter von
wenigstens einem von dem ersten Strahl oder dem
zweiten Strahl unterscheidet, und wobei der Para-
meter des dritten Strahls wenigstens eines von ei-
nem Aufwärtsstreckenleistungsteuerungsversatz
oder einer Aggregationsstufe auf einem Abwärts-
streckensteuerkanal aufweist.

12. Basisstation nach Anspruch 11, wobei der Parame-
ter des dritten Strahls wenigstens eines von Folgen-
dem wiedergibt:

ein Aufwärtsstreckenleistungsteuerungsver-
satz des dritten Strahls ist größer als ein
Aufwärtsstreckenleistungssteuerungsversatz
des zweiten Strahls, oder
eine Aggregationsstufe auf einem Steuerkanal
für den dritten Strahl ist höher als eine Aggre-
gationsstufe auf einem Abwärtsstreckensteuer-
kanal für den zweiten Strahl.

13. Basisstation nach Anspruch 11, wobei der Parame-
ter des dritten Strahls basierend auf wenigstens ei-
nem von Funkressourcensteuerungs- bzw. RRC-Si-
gnalisierung (RRC = radio resource control) oder ei-
nem Abwärtsstreckensteuerkanal konfiguriert ist.

14. Basisstation nach Anspruch 10, wobei der dritte
Strahl der gleiche ist wie der erste Strahl.

15. Basisstation nach Anspruch 10, wobei der wenigs-

tens eine Prozessor weiter konfiguriert ist zum:
Senden, an die UE, wenigstens eines Referenzsig-
nals unter Nutzung einer Vielzahl von Kandidaten-
strahlen, und wobei entweder:

Empfangen einer Anzeige des dritten Strahls
von der UE auf einer UE-Empfangsqualität des
wenigstens einen Referenzsignals für jeden der
Vielzahl von Kandidatenstrahlen basiert; oder
Empfangen, von der UE, eines Signalqualitäts-
berichts für wenigstens einen der Vielzahl von
Kandidatenstrahlen basierend auf dem wenigs-
tens einen Referenzsignal; und
Auswählen eines Strahls aus der Vielzahl von
Kandidatenstrahlen als den dritten Strahl basie-
rend auf dem Signalqualitätsbericht.

Revendications

1. Procédé de communication sans fil par une station
de base (102 ; 402 ; 704), le procédé comprenant :

une détermination (714 ; 804) du fait de changer
d’un premier faisceau vers un deuxième
faisceau ;
une transmission (806), vers un équipement
d’utilisateur, UE, (104 ; 404 ; 702) d’une instruc-
tion de changement de faisceau (718) pour in-
diquer la détermination du fait de changer vers
le deuxième faisceau lors de la détermination
du fait de changer vers le deuxième faisceau ;
une sélection (722 ; 810) d’un troisième fais-
ceau pour communiquer avec l’UE (104 ; 404 ;
702), le procédé caractérisé par :

une détermination (720 ; 808) du fait que
l’UE (104 ; 404 ; 702) a reçu ou non l’ins-
truction de changement de faisceau (718)
sur la base d’une réception d’un accusé de
réception négatif, NACK, ou d’une absence
de réception d’un accusé de réception po-
sitif, ACK, de la part de l’UE (104 ; 404 ;
702) ou s’il existe un état de déconnexion
entre la station de base et l’UE, dans lequel
la sélection (722) du troisième faisceau
pour communiquer avec l’UE (104 ; 404 ;
702) est en réponse à une détermination
par la station de base du fait que l’UE (104 ;
404 ; 702) n’a pas reçu l’instruction de chan-
gement de faisceau (718)
une détermination d’un échec d’une com-
munication avec l’UE en utilisant le troisiè-
me faisceau ; et
une réalisation d’une procédure de récupé-
ration de faisceau pour sélectionner un qua-
trième faisceau lors de la détermination
d’un échec de la communication en utilisant
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le troisième faisceau.

2. Procédé selon la revendication 1, dans lequel une
valeur de paramètre pour un paramètre du troisième
faisceau est différente d’une valeur de paramètre
pour le paramètre d’au moins un parmi le premier
faisceau ou le deuxième faisceau, et dans lequel le
paramètre du troisième faisceau inclut au moins un
d’un décalage de commande de puissance de liaison
montante, ou d’un niveau d’agrégation sur un canal
de commande de liaison descendante.

3. Procédé selon la revendication 2, dans lequel le pa-
ramètre du troisième faisceau reflète au moins un
parmi ce qui suit :

le fait qu’un décalage de commande de puis-
sance de liaison montante du troisième faisceau
est supérieur à un décalage de commande de
puissance de liaison montante du deuxième
faisceau, ou
le fait qu’un niveau d’agrégation sur un canal de
commande pour le troisième faisceau est supé-
rieur à un niveau d’agrégation sur un canal de
commande de liaison descendante pour le
deuxième faisceau.

4. Procédé selon la revendication 2, dans lequel le pa-
ramètre du troisième faisceau est configuré sur la
base d’au moins un élément parmi une signalisation
de commande de ressource radio, RRC, ou un canal
de commande de liaison descendante.

5. Procédé selon la revendication 1, dans lequel le troi-
sième faisceau est le même que le premier faisceau.

6. Procédé selon la revendication 1, comprenant en
outre :
une transmission, vers l’UE, d’au moins un signal de
référence en utilisant une pluralité de faisceaux can-
didats, et soit :

une réception d’une indication du troisième fais-
ceau à partir de l’UE sur la base d’une qualité
de réception d’UE de l’au moins un signal de
référence pour chacun de la pluralité de fais-
ceaux candidats ; soit
une réception, à partir de l’UE, d’un rapport de
qualité de signal pour au moins un de la pluralité
de faisceaux candidats sur la base de l’au moins
un signal de référence ; et
une sélection d’un faisceau parmi la pluralité de
faisceaux candidats à titre de troisième faisceau
sur la base du rapport de qualité de signal.

7. Procédé selon la revendication 6, lorsque le rapport
de qualité de signal est reçu, comprenant en outre :

une transmission, vers l’UE, d’un diagramme de
faisceau d’UE pour chacun de la pluralité de fais-
ceaux candidats,
dans lequel le rapport de qualité de signal est
en outre basé sur le diagramme de faisceau
d’UE.

8. Procédé selon la revendication 1, dans lequel la dé-
termination du fait que l’UE a reçu ou non l’instruction
de changement de faisceau comprend au moins une
parmi :

une détermination du fait que le NACK est reçu
ou non à partir de l’UE en réponse à l’instruction
de changement de faisceau, et une détermina-
tion du fait que l’UE n’a pas reçu l’instruction de
changement de faisceau si le NACK a été reçu ;
ou
une détermination du fait que l’UE et la station
de base sont dans un état déconnecté ou non.

9. Procédé selon la revendication 8, dans lequel le troi-
sième faisceau est sélectionné lorsqu’au moins une
des conditions suivantes est remplie :

une expiration d’une première durée après une
réception du NACK, ou
une expiration de la première durée après une
détermination du fait que l’UE et la station de
base sont dans un état déconnecté.

10. Station de base pour une communication sans fil,
comprenant :

une mémoire ; et
au moins un processeur couplé à la mémoire et
configuré pour :

une détermination (714 ; 804) du fait de
changer d’un premier faisceau vers un
deuxième faisceau ;
une transmission (806), vers un équipe-
ment d’utilisateur, UE, (104 ; 404 ; 702)
d’une instruction de changement de fais-
ceau (718) pour indiquer la détermination
du fait de changer vers le deuxième fais-
ceau lors de la détermination du fait de
changer vers le deuxième faisceau ;
une sélection (722 ; 810) d’un troisième
faisceau pour communiquer avec l’UE
(104 ; 404 ; 702), la station de base carac-
térisée en ce que l’au moins un processeur
est en outre configuré pour :

une détermination (720 ; 808) du fait
que l’UE (104 ; 404 ; 702) a reçu l’ins-
truction de changement de faisceau
(718) sur la base d’une réception d’un
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accusé de réception négatif, NACK, ou
d’une absence de réception d’un accu-
sé de réception positif, ACK, de la part
de l’UE (104 ; 404 ; 702) ou s’il existe
un état de déconnexion entre la station
de base et l’UE, dans laquelle la sélec-
tion (722) du troisième faisceau pour
communiquer avec l’UE (104 ; 404 ;
702) est en réponse à une détermina-
tion par la station de base du fait que
l’UE (104 ; 404 ; 702) n’a pas reçu l’ins-
truction de changement de faisceau
(718)
une détermination d’un échec d’une
communication avec l’UE en utilisant le
troisième faisceau ; et
une réalisation d’une procédure de ré-
cupération de faisceau pour sélection-
ner un quatrième faisceau lors de la dé-
termination d’un échec de la communi-
cation en utilisant le troisième faisceau.

11. Station de base selon la revendication 10, dans la-
quelle une valeur de paramètre pour un paramètre
du troisième faisceau est différente d’une valeur de
paramètre pour le paramètre d’au moins un parmi le
premier faisceau ou le deuxième faisceau, et dans
laquelle le paramètre du troisième faisceau inclut au
moins un parmi un décalage de commande de puis-
sance de liaison montante, ou un niveau d’agréga-
tion sur un canal de commande de liaison descen-
dante.

12. Station de base selon la revendication 11, dans la-
quelle le paramètre du troisième faisceau reflète au
moins un parmi ce qui suit :

le fait qu’un décalage de commande de puis-
sance de liaison montante du troisième faisceau
est supérieur à un décalage de commande de
puissance de liaison montante du deuxième
faisceau, ou
le fait qu’un niveau d’agrégation sur un canal de
commande pour le troisième faisceau est supé-
rieur à un niveau d’agrégation sur un canal de
commande de liaison descendante pour le
deuxième faisceau.

13. Station de base selon la revendication 11, dans la-
quelle le paramètre du troisième faisceau est confi-
guré sur la base d’au moins un élément parmi une
signalisation de commande de ressource radio,
RRC, ou un canal de commande de liaison descen-
dante.

14. Station de base selon la revendication 10, dans la-
quelle le troisième faisceau est le même que le pre-
mier faisceau.

15. Station de base selon la revendication 10, dans la-
quelle l’au moins un processeur est en outre confi-
guré pour :
une transmission, vers l’UE, d’au moins un signal de
référence en utilisant une pluralité de faisceaux can-
didats, et soit :

une réception d’une indication du troisième fais-
ceau à partir de l’UE sur la base d’une qualité
de réception d’UE de l’au moins un signal de
référence pour chacun de la pluralité de fais-
ceaux candidats ; soit
une réception, à partir de l’UE, d’un rapport de
qualité de signal pour au moins un de la pluralité
de faisceaux candidats sur la base de l’au moins
un signal de référence ; et
une sélection d’un faisceau parmi la pluralité de
faisceaux candidats à titre de troisième faisceau
sur la base du rapport de qualité de signal.
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