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Description
FIELD
[0001] The present disclosure relates generally to

wireless communication systems, and more particularly,
to a methods and apparatuses for dynamic beam pair
selection.

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 5G New Radio (NR). 5G NR is part of a con-
tinuous mobile broadband evolution promulgated by
Third Generation Partnership Project (3GPP) to meet
new requirements associated with latency, reliability, se-
curity, scalability (e.g., with Internet of Things (loT)), and
other requirements. Some aspects of 5G NR may be
based on the 4G Long Term Evolution (LTE) standard.
There exists a need for further improvements in 5G NR
technology. These improvements may also be applicable
to other multi-access technologies and the telecommu-
nication standards that employ these technologies.
[0004] NR may support various wireless communica-
tion services, such as Enhanced mobile broadband (eM-
BB) targeting wide bandwidth (e.g. 80 MHz beyond), mil-
limeter wave (mmW) targeting high carrier frequency
(e.g. 60 GHz), massive MTC (mMTC) targeting non-
backward compatible MTC techniques, and/or mission
critical targeting ultra-reliable low latency communica-
tions (URLLC). These services may include latency and
reliability requirements. These services may also have
differenttransmission time intervals (TTI)to meetrespec-
tive quality of service (QoS) requirements. In addition,
these services may co-exist in the same subframe.
[0005] Wireless communication systems may also in-
clude or support networks used for vehicle based com-
munications, also referred to as vehicle-to-everything
(V2X), vehicle-to-vehicle (V2V) networks, and/or cellular
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V2X (C-V2X) networks. Vehicle based communication
networks may provide always on telematics where UEs,
e.g., vehicle UEs (v-UEs), communicate directly to the
network (V2N), to pedestrian UEs (V2P), to infrastructure
devices (V2l), and to other v-UEs (e.g., via the network).
The vehicle based communication networks may support
a safe, always-connected driving experience by provid-
ing intelligent connectivity where traffic signal/timing, re-
al-time traffic and routing, safety alerts to pedestrians/bi-
cyclist, collision avoidance information, etc., are ex-
changed.

[0006] Such network supporting vehicle based com-
munications, however, may also be associated with var-
ious requirements, e.g., communication requirements,
security and privacy requirements, etc. Other example
requirements may include, but are not limited to, reduced
latency requirements, higher reliability requirements, and
the like. For example, vehicle-based communications
may include communicating sensor data that may sup-
port self-driving cars. Sensor data may be used between
vehicles to improve the safety of self-driving cars.
[0007] US 2011/110453 discloses methods and sys-
tems for enabling the rectification of deteriorated channel
conditions on a communication link are described. In par-
ticular, the methods and systems can employ mecha-
nisms that prioritize beams in accordance with signal
quality measures, direction of departures of transmission
beams and/or direction of arrivals of reception beams to
address variable channel conditions.

SUMMARY

[0008] The invention is as defined in the independent
claims. 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. lts sole
purpose is to present some concepts of one or more as-
pectsinasimplified form as a prelude to the more detailed
description that is presented later.

[0009] The choice of a transmit (Tx)-Receive (Rx)
beam pair out of many available beam pairs between a
base station and a mmW-capable UE is directly related
to the performance of transmission between the base
station and the UE. A currently prevalent approach to
selecting a serving Tx-Rx beam pair is to measure each
beam pair from multiple available beam pairs in a round-
robin manner and to determine a new serving beam pair
based on the measurement results. In this round-robin
manner, every beam pair has equal opportunity to be
measured in a synchronization cycle. In fact, due to fac-
tors such as line of sight (LoS) and proximity between
the beam pairs, chances forthe beam pairs to be selected
as the serving beam pair are different. The round robin
approach does not distinguish among the beam pairs
and thus may result in long latency in selecting the serv-
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ing beam pair.

[0010] Thus, there is a need for a method, apparatus,
and computer-readable medium at a user equipment
(UE) in a mmW communications environment to assign
a priority to each beam pair, taking into consideration
dynamic information and static information of the beam
pair, to quickly converge on one a good serving beam
pair.

[0011] To the accomplishment of the foregoing and re-
lated ends, the one or more aspects comprise the fea-
tures hereinafter fully described and particularly pointed
out in the claims. The following description and the an-
nexed drawings set forth in detail certain illustrative fea-
tures of the one or more aspects. These features are
indicative, however, of but a few of the various ways in
which the principles of various aspects may be employed,
and this descriptionisintended to include all such aspects
and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

FIG. 1is a diagram illustrating an example of a wire-
less communications system and an access net-
work.

FIG. 2 illustrates an example logical architecture of
a distributed radio access network.

FIG. 3 is a diagram illustrating an example of a base
station and user equipment (UE) in an access net-
work.

FIG. 4 is adiagram illustrating a base station in com-
munication with a UE in accordance with one or more
aspects of the present disclosure.

FIG. 5A is a diagram illustrating a base station in
communication with a UE in accordance with one or
more aspects of the present disclosure.

FIG. 5B illustrates example sequence of beam pairs
for measurement, in accordance with one or more
aspects of the present disclosure.

FIG. 6 illustrates an example of a wireless commu-
nications system that supports dynamic beam selec-
tion in accordance with one or more aspects of the
present disclosure.

FIG. 7 is a flowchart of a method of wireless com-
munication in accordance with one or more aspects
of the present disclosure.

FIG. 8 illustrates an example sequence of beam pair
for measurement, in accordance with one or more
aspects of the present disclosure.
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FIG. 9 show performance chart of different methods
for selecting beam pairs for measurement, in accord-
ance with one or more aspects of the present disclo-
sure.

FIG. 10 is a conceptual data flow diagram illustrating
the data flow between different means/components
in an exemplary apparatus in accordance with one
or more aspects of the present disclosure.

FIG. 11is adiagramillustrating an example of a hard-
ware implementation for an apparatus employing a
processing system in accordance with one or more
aspects of the present disclosure.

DETAILED DESCRIPTION

[0013] 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
athorough 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.

[0014] 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.

[0015] 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-
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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.

[0016] Accordingly, in one or more example embodi-
ments, the functions described may be implemented in
hardware, software, or any combination thereof. Ifimple-
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.

[0017] FIG. 1is 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.

[0018] 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.

[0019] 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
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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
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 F
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).

[0020] Certain UEs 104 may communicate with each
other using device-to-device (D2D) communication link
192. The D2D communication link 192 may use the
DL/UL WWAN spectrum. The D2D communication link
192 may use one or more sidelink channels, such as a
physical sidelink broadcast channel (PSBCH), a physical
sidelink discovery channel (PSDCH), a physical sidelink
shared channel (PSSCH), and a physical sidelink control
channel (PSCCH). D2D communication may be through
avariety of wireless D2D communications systems, such
as for example, FlashLinQ, WiMedia, Bluetooth, ZigBee,
Wi-Fi based on the IEEE 802.11 standard, LTE, or NR.
[0021] 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.

[0022] 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 NRin an unlicensed frequency
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spectrum, may boost coverage to and/orincrease capac-
ity of the access network.

[0023] 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.

[0024] 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.
[0025] 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-
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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,
aremote 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.

[0026] Referring again to FIG. 1, in certain aspects,
the UE 104s may be configured to include a serving beam
pair selection component (198) that enables the UEs 104
to determine a serving beam pair among multiple beam
pairs efficiently. This in turn enables the UE to set up a
link between the UE and the base station with minimal
latency, especially in a dynamical environment, where
the UE is in a fast motion and the current serving beam
pair may need frequent updating.

[0027] FIG. 2 illustrates an example logical architec-
ture of a distributed radio access network (RAN) 200,
which may be implemented in the wireless communica-
tion system illustrated in FIG. 1. A 5G access node 206
may include an access node controller (ANC) 202. The
ANC may be a central unit (CU) of the distributed RAN
200. The backhaul interface to the next generation core
network (NG-CN) 204 may terminate at the ANC. The
backhaul interface to neighboring next generation ac-
cess nodes (NG-ANs) may terminate at the ANC. The
ANC may include one or more TRPs 208 (which may
also be referred to as BSs, NR BSs, Node Bs, 5G NBs,
APs, or some other term). As described above, a TRP
may be used interchangeably with "cell."

[0028] The TRPs 208 may be a DU. The TRPs may
be connected to one ANC (ANC 202) or more than one
ANC (not illustrated). For example, for RAN sharing, ra-
dio as a service (RaaS), and service specific AND de-
ployments, the TRP may be connected to more than one
ANC. A TRP may include one or more antenna ports.
The TRPs may be configured to individually (e.g., dy-
namic selection) or jointly (e.g., joint transmission) serve
traffic to a UE.

[0029] The local architecture 200 may be used to illus-
trate fronthaul definition. The architecture may be defined
that support fronthauling solutions across different de-
ployment types. For example, the architecture may be
based on transmit network capabilities (e.g., bandwidth,
latency, and/or jitter).

[0030] The architecture may share features and/or
components with LTE. According to aspects, the next
generation AN (NG-AN) 210 may support dual connec-
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tivity with NR. The NG-AN may share a common fronthaul
for LTE and NR.

[0031] The architecture may enable cooperation be-
tween and among TRPs 208. For example, cooperation
may be present within a TRP and/or across TRPs via the
ANC 202. According to aspects, no inter-TRP interface
may be needed/present.

[0032] According to aspects, a dynamic configuration
of split logical functions may be present within the archi-
tecture 200. In one example aspect, the Radio Resource
Control (RRC) layer, Packet Data Convergence Protocol
(PDCP) layer, Radio Link Control (RLC) layer, Medium
Access Control (MAC)layer, and a Physical (PHY) layers
may be adaptably placed at the DU or CU (e.g., TRP or
ANC, respectively). According to certain aspects, a BS
may include a central unit (CU) (e.g., ANC 202) and/or
one or more distributed units (e.g., one or more TRPs
208).

[0033] FIG. 3 is a block diagram of a base station 310
in communication 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
3includes aradio resource control (RRC)layer, and layer
2 includes a packet data convergence protocol (PDCP)
layer, a radio link control (RLC) layer, and a medium ac-
cess control (MAC) layer. The controller/processor 375
provides RRC layer functionality associated with broad-
casting 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
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.

[0034] 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
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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.

[0035] At the UE 350, each receiver 354RX receives
asignal 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 mostlikely signal constellation points trans-
mitted by the base station 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 base station 310 on
the physical channel. The data and control signals are
then provided to the controller/processor 359, which im-
plements layer 3 and layer 2 functionality.

[0036] 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.
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[0037] Similar to the functionality described in connec-
tion with the DL transmission by the base station 310,
the controller/processor 359 provides RRC layer func-
tionality associated with system information (e.g., MIB,
SIBs) acquisition, RRC connections, and measurement
reporting; PDCP layer functionality associated with head-
er compression / decompression, and security (cipher-
ing, deciphering, integrity protection, integrity verifica-
tion); RLC layer functionality associated with the transfer
of upper layer PDUs, error correction through ARQ, con-
catenation, segmentation, and reassembly of RLC
SDUs, re-segmentation of RLC data PDUs, and reorder-
ing of RLC data PDUs; and MAC layer functionality as-
sociated with mapping between logical channels and
transport channels, multiplexing of MAC SDUs onto TBs,
demultiplexing of MAC SDUs from TBs, scheduling in-
formation reporting, error correction through HARQ, pri-
ority handling, and logical channel prioritization.

[0038] Channel estimates derived by a channel esti-
mator 358 from a reference signal or feedback transmit-
ted by the base station 310 may be used by the TX proc-
essor 368 to select the appropriate coding and modula-
tion schemes, and to facilitate spatial processing. The
spatial streams generated by the TX processor 368 may
be provided to different antenna 352 via separate trans-
mitters 354TX. Each transmitter 354TX may modulate
an RF carrier with a respective spatial stream for trans-
mission.

[0039] The UL transmission is processed at the base
station 310 in a manner similar to that described in con-
nection with the receiver function at the UE 350. Each
receiver 318RX receives a signal through its respective
antenna 320. Each receiver 318RX recovers information
modulated onto an RF carrier and provides the informa-
tion to a RX processor 370.

[0040] Thecontroller/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-
pression, control signal processing to recover IP packets
fromthe 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.
[0041] 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 abeam-
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-
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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.

[0042] FIG. 5a is a diagram 500a illustrating a base
station 501 in communication with a UE 505, in accord-
ance with one or more aspects of the present disclosure.
The diagram 500a shows a set of transmit beam 502a-
502d at a 5G base station and a set of receive beam
506a-506d at the UE. One of the transmit beams 502a-
502d may pair up with one of the receive beam 506a-
506d to form a serving Tx-Rx beam pair to carry a signal
through a millimeter wave channel 504 between the base
station 501 and the UE 505.

[0043] In one example aspect, before any communi-
cation between 5G mmW base station 501 and the UE
505, the base station 501 may first broadcast all 4 (Tx)
beams 1-4 or 502a-502d in a beam reference signal
(BRS) cycle to all the device in the transmission range.
The UE 505 in turn pairs up the received Tx beams with
its Rx beams to find the most suitable beam pair for trans-
missions between the UE 505 and the base station 501.
Larger the number of Tx beams and number of Rx beams
are, longer it may take to find the most suitable beam
pair, or a new serving beam pair. In the diagram 500,
there are 4 Tx beams and 4 Rx beams. That is, the size
of Tx beams and Rx beams are M=4, and N=4 respec-
tively.

[0044] A BRS cycle is a synchronization cycle which
may include a predetermined number of synchronization
periods. Different terms may be used for a synchroniza-
tion period. For example, a synchronization period may
be referred to as a synchronization frame (SF). During a
synchronization frame, a number of candidate Tx-Rx
beam pairs may be selected and measured to determine
anew serving Tx-Rx beam pair. For example, in one SF,
each of Tx beams may be paired with one of the Rx
beams to form a candidate Tx-Rx beam pair sequence
for beam pair measurement, if the selection method is to
allow Tx beams to vary. To select a reasonably stable
serving beam pair, predetermined number of synchroni-
zation cycles may be needed.

[0045] The quality of a candidate Tx-Rx beam pair, in
one aspect, may be measured in terms of beam gain.
Several factors may affect the measured beam gain of a
candidate beam pair, including line of sight (LoS). In gen-
eral, a beam pair with LoS has a better beam gain than
a beam pair without LoS, provided everything else being
equal.

[0046] In one example aspect, during one synchroni-
zation cycle, all Tx beams are expected to emit in a fixed
pattern, because a base station may not change its lo-
cation frequently. Referring to FIG. 5a again, the Tx-Rx
beam pair (2,1) and the Tx-Rx beam pair (3,1) are ex-
pected to have better beam gains because Rx beam 1
has a LoS with the Tx beams 2 and 3, if only LoS is
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considered for beam gain measurements.

[0047] FIG. 5b illustrates an example sequence 500b
of Tx-Rx beams pairs, in accordance with one or more
aspects of the present disclosure. Based on the Tx-Rx
beam pairs of FIG. 5a, FIG. 5b illustrates a sequence of
beam pairs for measurement based on a round-robin ap-
proach. The example sequence 500b illustrates a syn-
chronization cycle or BRS cycle that includes 4 synchro-
nization frames 512a-512d. According to the round robin
approach, one of the Rx beams is selected sequentially
to pair with each of Tx beams within a SF to form M
candidate beam pairs for beam gain measurement, M
being the size of Tx beam set. As shownin FIG. 5b, during
the SF 512a, the Rx beam 1 is paired with each of the 4
Tx beams 1 through 4, for measurement, and then next
Rx beam, Rx beam 2, is paired with each of the 4 Tx
beams 1 through 4 for measurement. All N Rx beams
are measured in a round-robin fashion.

[0048] According to the existing approach, it normally
requires at least a complete BRS or synchronization cy-
cle for all Rx beams to be paired with Tx beams for beam
gain measurement to find a new serving Tx-Rx beam
pair. As a UE may have more than one Rx beam, it may
take a number of BRS cycles before finding a suitable
serving beam pair. This may resultin a non-trivial latency
and undesirable delay in establishing a connection be-
tween the base station and the UE. Based on the round-
robin approach to determining a new serving Tx-Rx beam
pair, the length of latency is proportional to the number
of Rx beams.

[0049] Thus, the existing round-robin approach likely
wastes synchronization SF resources, in part because
some of the beam pair may have little or zero chance to
be selected as the serving beam pair, due to their direc-
tions, lack of LoS or other factors. For example, referring
to both FIG. 5a and FIG. 5b, Tx beam 2 and 3 should
see more gains than 1 and 4, if LoS is assumed. Accord-
ingly, assigning the 4 Tx beams the same equal oppor-
tunity for measurement in one BRS cycle may not be
necessary and may be wasteful.

[0050] FIG. 6 illustrate an example of a wireless com-
munications system 600 that supports dynamic beam
pair selection in accordance with one or more aspects of
the present disclosure. The wireless communications
system 600 includes a base station 602 and a UE 604.
At 606, the base station 602 broadcast Tx beams avail-
able at the base station 602.

[0051] At 608, the UE 606 applies a dynamic beam
pair selection process, such as the one illustrated in FIG.
7,to selectcandidate Tx-Rx beam pairs for measurement
based on the priority of each beam pair. The phrase beam
pair selection is also termed beam pair scheduling.
Based on the dynamic beam pair selecting process,
those beam pairs with higher priorities have more chanc-
es to be selected for measurement. Thus, those beam
pairs have better opportunities to become the new serv-
ing beam pair. This may result in an improved latency
and delay in finding a suitable serving beam pair and
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establishing a connection between the base station and
the UE. The details of the beam pair scheduling or se-
lection method are shown in FIGs 7, 10, and 11 and de-
scribed in the corresponding sections.

[0052] At610,the UE 604 reports the determined new
serving beam pair to the base station 602. Then at 612,
the UE 604 and base station 602 receive and transmit
data using the new serving beam pair.

[0053] FIG.7isaflowchartforamethod 700 of wireless
communication in accordance with one or more aspects
of the present disclosure. The method 700 may be per-
formed by one of the UEs 104 of FIG. 1, the UE3 50 of
FIG. 3, the UE 604 of FIG. 6, or apparatus 1002/1002’
of FIGs. 10 and 11. An optional step is indicated in a
dashed boarder.

[0054] At 702, the method 700 includes selecting one
candidate Tx-Rx beam pair by the UE, based in part on
a priority value, or priority for short, associated with the
candidate Tx-Rx beam pair. In contrast to an existing
round-robin approach, which assigns equal likelihood to
all beam pairs, the likelihood of the beam pair being se-
lected for measurement may not be the same as that of
other beam pairs. The priority value represents the like-
lihood of the beam pair being selected for measurement
and thus the chance of the candidate beam pair eventu-
ally becoming the new serving Tx-Rx beam pair. As will
be explained shortly, the priority value is based on a com-
bination of static information and dynamic information
associated with the candidate Tx-Rx beam pair.

[0055] The UE selects a candidate beam pair also
based on a beam pattern of the Tx-Rx beam pairs. In one
example aspect, the Tx beams have a fixed pattern. That
is, the base station such as a gNB may broadcast a fixed
sequence of Tx beams that the gNB expects a UE to
follow, in measurements or other situations. There may
be various reasons for a fixed Tx beam pattern, such as
a gNB design choice by a gNB vendor or a choice by a
service provider that operates the gNB. As a result, the
UE may freely select a Rx beam but follows a fixed emis-
sion pattern of the Tx beams. For example, FIG. 8 shows
a sequence of beam pairs with a fixed Tx beam pattern
that has a sequence the Tx beams ranging from Tx
beam1 to Tx beam 4, sequentially. In most scenarios, it
is assumed that the antenna arrays at a base station are
stationary in relation to the UE.

[0056] In one example aspect, selecting the Tx-Rx
beam pair may include selecting the Tx-Rx beam pair for
a number of time for re-measurements during a prede-
termined number of synchronization cycles. The number
of times for re-measurements is proportional to the pri-
ority value of the selected beam pair relative to priority
values of other Tx-Rx beam pairs. In other words, a can-
didate beam pair with a higher priority value may be se-
lected for measurement and re-measurements more fre-
quently than a candidate beam pair with a lower priority
value.

[0057] At 704, the method 700 includes updating the
priority value of the selected beam pair. In one example
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aspect, the priority value may be based on two types of
information: static information and dynamic information.
In one aspect, the static information of Tx-Rx beam pair
may include spatial relationship between the Tx-Rx beam
pair, such as proximity information, a line of sight (LoS)
and non LoS (NLoS), among others.

[0058] The dynamic information of the priority value
may include the information that may change from one
instance to the next, and from one measurement to the
next. In one example aspect, the dynamic information
may include one or more of the latest beam measure-
ments of the selected Tx-Rx beam pair.

[0059] In one example aspect, the static information
and the dynamic information each may have an associ-
ated weight for updating the priority value. The associat-
ed weight may be adjustable, based on the circumstanc-
es. For example, if the UE is expected to be in a very
dynamic environment, the weight for the dynamic infor-
mation may be greater relative to that of the static infor-
mation.

[0060] In one example aspect, updating the priority for
the selected beam pair may include one or more of: up-
dating the weight associated with the static information,
updating the weight associated with the dynamic infor-
mation, and combining the dynamic information and the
static information of the Tx-Rx beam pair, based in part
onone or both of the two weights. In one example aspect,
updating the priority value is performed in such a way
that a higher priority value results in a higher chance of
the Tx-Rx beam pair being selected for the measurement
and re-measurements.

[0061] In one example aspect, the static and dynamic
information may be combined, first based on the dynamic
information and then on the static information. For exam-
ple, for each beam pair, a priority is calculated based on
the dynamic information such as one or more latest beam
measurements of the beam pair. The beam pair with the
highest priority value may be selected or scheduled for
measurement or re-measurement. When multiple beam
pairs have a same priority value, the static information
such as spatial neighboring relationship with the current
serving beam pair is then factored into consideration to
distinguish between the beam pairs. Other similar or al-
ternative approaches to combining the dynamic informa-
tion and static information for determination of a priority
value for a beam pair may also be employed, depending
on specific circumstances.

[0062] At 706, the method 700 includes ascertaining
the selected beam pair by the UE. In one example, as-
certaining the selected beam pair may include repeating
the step of selecting the beam pair at 702 and updating
the priority value for the selected beam pair at 704 for a
number of times during a predetermined number of syn-
chronization cycles. One effect of ascertaining the se-
lected beam pair is to ensure that the measurement ob-
tained from the selected beam pair achieves certain de-
gree of reliability. This is particularly relevant when the
UE is in a very dynamic environment. For example, if the
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UE isin a fast rotation motion, the Rx beams may change
their physical locations relative to the fixed Tx beam pat-
tern at a high frequency. Thus, one measurement that is
valid at one moment may not be valid at next moment.
[0063] At 706, in an alternative aspect, ascertaining
the selected beam pairmay include ascertaining selected
n beam pairs which have highest priority values in the
current round of measurement. This is in place of select-
ing beam pair at 702 and updating the priority value at
704 for a large number of times. The number n may be
predetermined and adjustable. This may resultin a faster
convergence on a new serving beam pair.

[0064] At 708, the method 700 includes determining a
new serving Tx-Rx beam pair for transmissions between
the UE and the base station. In one example aspect, the
UE determines the new serving Tx-Rx beam pair by se-
lecting the Tx-Rx beam pair with a highest priority value,
after ascertaining selected candidate beam pairs for a
predetermined number of synchronization cycles.
[0065] At 710, the method 700 includes switching to
the newly determined Tx-Rx beam pair from the current
Tx-Rx beam pair. Then the UE may carry on transmis-
sions with the base station on the new serving Tx-Rx
beam pair. In one example aspect, the newly determined
Tx-Rx beam pair may be the same as the current serving
Tx-Rx beam pair. In this case, the step at 710 may be
avoided.

[0066] The method 700 may be triggered for various
occasions. One such occasion is when the UE enters
transmission range of the base station and just receives
the Tx beams broadcast from the base station. Another
occasion is when the UE’s location has changed in a non-
trivial way such that the current serving beam is no longer
effective and the performance of the current serving Tx-
Rx beam pair has degraded beyond a predetermined
threshold.

[0067] The method 700 is for illustration purpose and
shows one possible process for selecting candidate
beam pairs for measurement and for determining a new
serving beam pair. In practice, one or more steps shown
in illustrative flowchart for the method 700 may be com-
bined with other steps, performed in any suitable order,
performed in parallel (e.g., simultaneously or substan-
tially simultaneously), or removed. For example, updat-
ing the priority value of the selected Tx-Rx beam pair at
704 may be performed in parallel to or before ascertaining
the selected Tx-Rx beam pair at 706.

[0068] FIG. 8 illustrates an example beam pair se-
quence 800 for measurement, in accordance with one or
more aspects of the present disclosure. The beam pair
sequence 800 includes four synchronization periods
802-805 and within each synchronization period, four
beam pairs are selected and measured. In contrast to
the equal-opportunity, round-robin fixed sequence of
beam pairs for measurement, as shown in FIG. 5b, FIG.
8 shows a sequence of beam pairs with a fixed Tx beam
pattern. In FIG. 8, the UE can freely choose Rx beams,
but not Tx beams. For example, during the synchroniza-
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tion periods 802-805, the UE follows a fixed Tx beam
pattern, selecting Tx beam 1 through Tx beam 4 sequen-
tially during each of the synchronization periods.

[0069] Inanother example aspect, a higher priority val-
ue of a selected beam pair may result in more opportu-
nities for the beam pair to be selected for measurement
and re-measurements. As discussed earlier, the priority
value of a beam pair may be based on dynamic informa-
tion and static information. In one example scenario, the
Tx-Rxbeam pairs (2,1) and (3,1) may have higher priority
values, in part because the weight for the static part of
the priority value may be greater. For example, Rx beam
1 has at least partial LoS with Tx beams 2 and 3, as
shown in FIG. 5a. Thus, Tx-Rx beam pairs (2,1)and (3,1)
may have higher priority values. Additionally, the weight
for dynamic part of the priority values of Tx-Rx beam
pairs (2, 1) and (3, 1) may also be greater, because their
previous measurements of beam gain may be higher
than other beam pairs.

[0070] As a result, the beam pairs including Rx beam
1 are measured more frequently than Rx beams 3 and
4. For example, as shown in FIG. 8, Rx beam 1 is paired
with Tx beams 2 and 3 and measured more frequently
while the Rx beam 3, which is located opposite of Rx
beam 1 and has a NLoS, has far fewer opportunities to
be selected for measurements.

[0071] FIG. 9 shows the performance chart 900 of dif-
ferent methods for selecting beam pairs for measure-
ment. The chart 900 is for a scenario where the Tx beams
have a fixed Tx beam pattern and the UE is free to select
Rx beam for measurements. One such scenario may be
that the UE itself is in a fast rotation. While the UE is in
a fast rotation, the serving Tx-Rx beam pair may need to
be re-selected frequently to maintain a desirable perform-
ance in term of beam gains.

[0072] TheY axis of FIG. 9 shows the cumulative den-
sity function (CDF) F(x) values, representing the oppor-
tunity values for beam pairs being selected based on the
designated method. The X axis show the beam gains for
the designated beam pair selection method. The base
line 904 represents the result of the fixed, round-robin
beam pair selection method. The genie line 908 repre-
sents theoretical optimal results. The line 906 represent
performance results based on the dynamic beam pair
selection method, as described in the presentdisclosure,
andillustrated in FIG. 7. The performance chart 900 show
that the performance based on the dynamic beam pair
selection method is very close to that of theoretical opti-
mal line 908, and much better than that of the round-robin
beam pair selection method.

[0073] FIG. 10is 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 mmW capable UE in communication with a
base station. The apparatus includes a reception com-
ponent 1004 thatis configured to receive data and control
information from the base station. For example, the re-
ception component 1004 of the mmW capable UE may
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receive a set of Tx beams from the base station in a
broadcast message.

[0074] The apparatus 1002 also includes a dynamic
beam pair selection and measurement component 1006
that receives beam pairs from the reception component
1004, selects a candidate beam pair and measure the
selected beam pair. The apparatus 1002 also includes a
serving Tx-Rx beam pair determination component 1008
that receives measurement results from the beam pair
selection and measurement component 1006, updates
the priority value of each selected beam pair, based in
part on the measurement results, and determines a new
serving Tx-Rx beam pair based in part on the updated
priority values. The apparatus 1002 further includes the
transmission component 1010 that transmits the deter-
mined serving Tx-Rx beam pair to the base station 1050.
[0075] The apparatus may include additional compo-
nents that perform each of the blocks of the algorithm in
the aforementioned flowcharts of FIGs 6 and 7. As such,
each block in the aforementioned flowcharts of FIGs 6
and 7 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.

[0076] 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, and 1010, and the computer-
readable medium / memory 1106. The bus 1124 may
also link various other circuits such as timing sources,
peripherals, voltage regulators, and power management
circuits, which are well known in the art, and therefore,
will not be described any further.

[0077] 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 transmission component 1010.
In addition, the transceiver 1110 receives information
from the processing system 1114, specifically the recep-
tion component 1004, and based on the received infor-
mation, generates a signal to be applied to the one or
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more antennas 1120.

[0078] The processing system 1114 includes a proc-
essor 1104 coupled to a computer-readable medium /
memory 1106. The processor 1104 is responsible for
general processing, including the execution of software
stored on the computer-readable medium / memory
1106. The software, when executed by the processor
1104, causes the processing system 1114 to perform the
various functions described supra for any particular ap-
paratus. The computer-readable medium/memory 1106
may also be used for storing data that is manipulated by
the processor 1104 when executing software. The
processing system 1114 further includes at least one of
the components 1004, 1006, 1008, and 1010. The com-
ponents may be software components running in the
processor 1104, resident/stored in the computer reada-
ble medium / memory 1106, one or more hardware com-
ponents coupled to the processor 1104, or some combi-
nation thereof. The processing system 1114 may be a
component of the UE 350 and may include the memory
360 and/or at least one of the TX processor 368, the RX
processor 356, and the controller/processor 359.
[0079] It is understood that the specific order or hier-
archy of blocks in the processes / flowcharts disclosed
is an illustration of exemplary approaches. Based upon
design preferences, it is understood that the specific or-
der or hierarchy of blocks in the processes / flowcharts
may be rearranged. Further, some blocks may be com-
bined or omitted. The accompanying method claims
present elements of the various blocks in a sample order,
and are not meant to be limited to the specific order or
hierarchy presented.

[0080] 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, butis 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
ormore 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,
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,
AandB,AandC,B and C, or AandB and C, where any
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such combinations may contain one or more member or
members of A, B, or C. All structural and functional equiv-
alents to the elements of the various aspects described
throughout this disclosure that are known or later come
to be known to those of ordinary skill in the art are ex-
pressly incorporated herein by reference and are intend-
ed to be encompassed by the claims. Moreover, nothing
disclosed herein is intended to be dedicated to the public
regardless of whether such disclosure is explicitly recited
in the claims. The words "module," "mechanism," "ele-
ment," "device," and the like may not be a substitute for
the word "means." As such, no claim element is to be
construed as a means plus function unless the element
is expressly recited using the phrase "means for."

Claims

1. A method of wireless communication performed by
a user equipment, UE (604) capable of millimeter
wave, mmW communication, comprising:

selecting (702) by the UE (604) a Transmit, Tx-
Receive, Rx, beam pair from a plurality of Tx-
Rx beam pairs available at the UE for measure-
ment, based in part on a priority of the Tx-Rx
beam pair, wherein the plurality of Tx-Rx beam
pair comprises a set of Tx beams and a set of
Rx beams, said priority representing a likelihood
of a pair being selected for measurement;
updating (704) the priority of the selected Tx-Rx
beam pairbased in part on a combination of stat-
ic information and dynamic information of the
selected Tx-Rx beam pair, wherein the staticin-
formation of Tx-Rx beam pair comprises a spa-
tial relationship of the Tx-Rx beam pair, or a
presence or an absence of line of sight between
the Tx-Rx beam pair, or a combination thereof;
and wherein the dynamic information includes
one or more latest beam measurements of the
selected Tx-Rx beam pair;

ascertaining (706) the selected Tx-Rx beam pair
by re-measuring the selected Tx-Rx beam pair
and updating the priority value for the selected
Tx-Rx beam pairwithin a predetermined number
of synchronization cycles;

determining (708) a new serving Tx-Rx beam
pair based on priorities of the plurality of Tx-Rx
beam pairs by selecting as the new serving Tx-
Rx beam pair, the Tx-Rx beam pair of the plu-
rality of pairs with a highest priority value after
ascertaining selected candidate beam pairs for
the predetermined number of synchronization
cycles; and

switching (710) to the new serving Tx-Rx beam
pair from a current beam pair.

2. The method of claim 1, wherein the set of Tx beams
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has a fixed Tx beam pattern.

The method of claim 2, wherein selecting the Tx-Rx
beam pair further comprises selecting a Rx beam
based on the fixed Tx beam pattern.

The method of claim 2, wherein selecting the Tx-Rx
beam pair further comprises selecting the Tx-Rx
beam pair for a number of times that is proportional
to the priority of the Tx-Rx beam pair in reference to
priorities of other Tx-Rx beam pairs of the plurality
of Tx-Rx beam pairs.

The method of claim 1, wherein updating the priority
comprises at least one of:

updating a first weight associated with the static
information; or

updating a second weight associated with the
dynamic information; or

combining the dynamic information and the stat-
ic information of the Tx-Rx beam pair, based in
part on the first weight and the second weight,
in such a way that the priority is proportional to
a chance the Tx-Rx beam pair being selected
for measurement in relation to priorities of other
Tx-Rx beam pairs of the plurality of Tx-Rx beam
pairs; or

a combination thereof.

6. An apparatus (1002) for wireless communication at

a user equipment, UE, comprising:

means for selecting by the UE a Transmit, Tx-
Receive, Rx beam pair from a plurality of Tx-Rx
beam pairs available at the UE for measure-
ment, based in part on a priority of the Tx-Rx
beam pair, wherein the plurality of Tx-Rx beam
pair comprises a set of Tx beams and a set of
Rx beams; said priority representing a likelihood
of a pair being selected for measurement;
means for updating the priority of the selected
Tx-Rx beam pair based in part on a combination
of static information and dynamic information of
the selected Tx-Rx beam pair wherein the static
information of Tx-Rx beam pair comprises a spa-
tial relationship of the Tx-Rx beam pair, or a
presence or an absence of line of sight between
the Tx-Rx beam pair, or a combination thereof;
and wherein the dynamic information includes
one or more latest beam measurements of the
selected Tx-Rx beam pair;

means for ascertaining the selected Tx-Rx
beam pair by re-measuring the selected Tx-Rx
beam pair and updating the priority value for the
selected Tx-Rx beam pair within a predeter-
mined number of synchronization cycles;
means for determining a new serving Tx-Rx
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beam pair based on priorities of the plurality of
Tx-Rx beam pairs by selecting as the new serv-
ing Tx-Rx beam pair, the Tx-Rx beam pair of the
plurality of pairs with a highest priority value after
ascertaining selected candidate beam pairs for
the predetermined number of synchronization
cycles;

means for ascertaining the selected Tx-Rx
beam pair by re-measuring the selected Tx-Rx
beam pair within a predetermined number of
synchronization cycles; and

means for switching to the new serving Tx-Rx
beam pair from a current beam pair.

The apparatus of claim 6, wherein the set of Tx
beams has a fixed Tx beam pattern.

The apparatus of claim 7, wherein means for select-
ing the Tx-Rx beam pair further comprises selecting
a Rx beam based on a fixed Tx beam pattern, the
set of Tx beams having the fixed Tx beam pattern.

The apparatus of claim 7, wherein means for select-
ing the Tx-Rx beam pair further comprises selecting
the Tx-Rx beam pair for a number of times that is
proportional to the priority of the Tx-Rx beam pair in
reference to priorities of other Tx-Rx beam pairs of
the plurality of Tx-Rx beam pairs.

The apparatus of claim 7, wherein means for updat-
ing the priority comprises at least one of:

updating a first weight associated with the static
information; or

updating a second weight associated with the
dynamic information; or

combining the dynamic information and the stat-
ic information of the Tx-Rx beam pair, based in
part on the first weight and the second weight,
in such a way that the priority is proportional to
a chance the Tx-Rx beam pair being selected
for measurement in relation to priorities of other
Tx-Rx beam pairs of the plurality of Tx-Rx beam
pairs; or

a combination thereof.

The apparatus for wireless communication accord-
ing to claim 6, comprising:

a transceiver (1110);

a memory (1106); and wherein the means for
selecting, means for updating, means for deter-
mining, means for ascertaining and means for
switching comprises

atleastone processor (1114) coupled to at least
one of the memory.
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Patentanspriiche

1.

Ein Verfahren fir Drahtloskommunikation, das durch
eine Nutzereinrichtung bzw. UE (UE = user equip-
ment) (604) durchgefihrt wird, die zu Millimeterwel-
len- bzw. mmW-Kommunikation in der Lage ist, das
Folgendes aufweist:

Auswahlen (702), durch die UE (604), eines
Sende-Empfangs- bzw. Tx-Rx-Strahlenpaares
(Tx = Transmit, Rx = Receive) aus einer Vielzahl
von Tx-Rx-Strahlenpaaren, die an der UE zur
Messung verfigbar sind, basierend teilweise
auf einer Prioritdt des Tx-Rx-Strahlenpaares,
wobei die Vielzahl von Tx-Rx-Strahlenpaaren
einen Satz von Tx-Strahlen und einen Satz von
Rx-Strahlen aufweist, wobei die Prioritdt eine
Wahrscheinlichkeit darstellt, dass ein Paar zur
Messung ausgewahlt wird;

Aktualisieren (704) der Prioritat des ausgewahl-
ten Tx-Rx-Strahlenpaares basierend teilweise
auf einer Kombination von statischer Informati-
on und dynamischer Information des ausge-
wahlten Tx-Rx-Strahlenpaares, wobei die stati-
sche Information des Tx-Rx-Strahlenpaares ei-
ne raumliche Beziehung des Tx-Rx-Strahlen-
paares, oder ein Vorliegen oder ein Fehlen einer
Sichtlinie zwischen dem Tx-Rx-Strahlenpaar,
oder eine Kombination davon aufweist; und wo-
bei die dynamische Information eine oder meh-
rere letzte Strahlmessungen des ausgewahlten
Tx-Rx-Strahlenpaares aufweist;

Ermitteln (706) des ausgewahlten Tx-Rx-Strah-
lenpaares durch erneutes Messen des ausge-
wahlten Tx-Rx-Strahlenpaares und Aktualisie-
ren des Prioritdtswertes flir das ausgewahlte Tx-
Rx-Strahlenpaarinnerhalb einer vorbestimmten
Anzahl von Synchronisationszyklen;
Bestimmen (708) eines neuen versorgenden
Tx-Rx-Strahlenpaares basierend auf Prioritaten
der Vielzahl von Tx-Rx-Strahlenpaaren durch
Auswahlen, als das neue versorgende Tx-Rx-
Strahlenpaar, des Tx-Rx-Strahlenpaares der
Vielzahl von Paaren mit einem hochste Priori-
tatswert nach Ermitteln ausgewahlter Kandida-
tenstrahlenpaare fir die vorbestimmte Anzahl
von Synchronisationszyklen; und

Wechseln (710) zu dem neuen versorgenden
Tx-Rx-Strahlenpaar von einem aktuellen Strah-
lenpaar.

Verfahren nach Anspruch 1, wobei der Satz von Tx-
Strahlen ein fixes Tx-Strahlmuster hat.

Verfahren nach Anspruch 2, wobei Auswahlen des
Tx-Rx-Strahlenpaares weiter Auswahlen eines Rx-
Strahls basierend auf dem fixen Tx-Strahlmuster
aufweist.
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4. Verfahren nach Anspruch 2, wobei Auswahlen des

Tx-Rx-Strahlenpaares weiter Auswahlen des Tx-Rx-
Strahlenpaares fiir eine Anzahl von Malen aufweist,
die proportional ist zu der Prioritat des Tx-Rx-Strah-
lenpaares in Bezug auf Prioritaten von anderen Tx-
Rx-Strahlenpaaren der Vielzahl von Tx-Rx-Strah-
lenpaaren.

Verfahren nach Anspruch 1, wobei Aktualisieren der
Prioritdt wenigstens eines von Folgendem aufweist:

Aktualisieren einer ersten Gewichtung, die mit
der statischen Information assoziiert ist; oder
Aktualisieren einer zweiten Gewichtung, die mit
der dynamischen Information assoziiert ist; oder
Kombinieren der dynamischen Information und
der statischen Information des Tx-Rx-Strahlen-
paares basierend teilweise auf der ersten Ge-
wichtung und der zweiten Gewichtung, so dass
die Prioritat proportional ist zu einer Chance des
Tx-Rx-Strahlenpaares zur Messung ausge-
wahltzuwerden in Bezug auf Prioritaten anderer
Tx-Rx-Strahlenpaare der Vielzahl von Tx-Rx-
Strahlenpaaren; oder

eine Kombination davon.

Eine Vorrichtung (1002) fiir Drahtloskommunikation
an einer Nutzereinrichtung bzw. UE (UE = user
equipment), die Folgendes aufweist:

Mittel zum Auswéahlen, durch die UE, eines Sen-
de-Empfangs- bzw. Tx-Rx-Strahlenpaares (Tx
= Transmit, Rx = Receive) aus einer Vielzahl
von Tx-Rx-Strahlenpaaren, die an der UE zur
Messung verfligbar sind, basierend teilweise
auf einer Prioritat des Tx-Rx-Strahlenpaares,
wobei die Vielzahl von Tx-Rx-Strahlenpaaren
einen Satz von Tx-Strahlen und einen Satz von
Rx-Strahlen aufweist, wobei die Prioritat eine
Wahrscheinlichkeit darstellt, dass ein Paar zur
Messung ausgewahlt wird;

Mittel zum Aktualisieren der Prioritdt des aus-
gewahlten Tx-Rx-Strahlenpaares basierend
teilweise auf einer Kombination von statischer
Information und dynamischer Information des
ausgewahlten Tx-Rx-Strahlenpaares, wobeidie
statische Information des Tx-Rx-Strahlenpaa-
res eine raumliche Beziehung des Tx-Rx-Strah-
lenpaares, oder ein Vorliegen oder ein Fehlen
einer Sichtlinie zwischen dem Tx-Rx-Strahlen-
paar, oder eine Kombination davon aufweist;
und wobei die dynamische Information eine
oder mehrere letzte Strahlmessungen des aus-
gewabhlten Tx-Rx-Strahlenpaares aufweist;
Mittel zum Ermitteln des ausgewahlten Tx-Rx-
Strahlenpaares durch erneutes Messen des
ausgewahlten Tx-Rx-Strahlenpaares und Aktu-
alisieren des Prioritatswertes flr das ausge-
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wahlte Tx-Rx-Strahlenpaar innerhalb einer vor-
bestimmten Anzahl von Synchronisationszyk-
len;

Mittel zum Bestimmen eines neuen versorgen-
den Tx-Rx-Strahlenpaares basierend auf Prio-
ritaten der Vielzahl von Tx-Rx-Strahlenpaaren
durch Auswahlen, als das neue versorgende Tx-
Rx-Strahlenpaar, des Tx-Rx-Strahlenpaares
der Vielzahl von Paaren mit einem héchsten Pri-
oritatswert nach Ermitteln ausgewahlter Kandi-
datenstrahlenpaare fir die vorbestimmte An-
zahl von Synchronisationszyklen;

Mittel zum Ermitteln des ausgewahlten Tx-Rx-
Strahlenpaares durch erneutes Messen des
ausgewahlten Tx-Rx-Strahlenpaares innerhalb
einer vorbestimmten Anzahl von Synchronisati-
onszyklen; und

Mittel zum Wechseln zu dem neuen versorgen-
den Tx-Rx-Strahlenpaar von einem aktuellen
Strahlenpaar.

Vorrichtung nach Anspruch 6, wobei der Satz von
Tx-Strahlen ein fixes Tx-Strahlmuster hat.

Vorrichtung nach Anspruch 7, wobei die Mittel zum
Auswahlen des Tx-Rx-Strahlenpaares weiter Aus-
wahlen eines Rx-Strahls aufweisen basierend auf
einem fixen Tx-Strahlmuster, wobeider Satz von Tx-
Strahlen das fixe Tx-Strahimuster hat.

Vorrichtung nach Anspruch 7, wobei Mittel zum Aus-
wahlen des Tx-Rx-Strahlenpaares weiter Auswah-
len des Tx-Rx-Strahlenpaares fiir eine Anzahl von
Malen aufweisen, die proportional ist zu der Prioritat
des Tx-Rx-Strahlenpaares in Bezug auf Prioritaten
von anderen Tx-Rx-Strahlenpaaren der Vielzahl von
Tx-Rx-Strahlenpaaren.

Vorrichtung nach Anspruch 7, wobei Mittel zum Ak-
tualisieren der Prioritat wenigstens eines von Fol-
gendem aufweisen:

Aktualisieren einer ersten Gewichtung, die mit
der statischen Information assoziiert ist; oder
Aktualisieren einer zweiten Gewichtung, die mit
der dynamischen Information assoziiertist; oder
Kombinieren der dynamischen Information und
der statischen Information des Tx-Rx-Strahlen-
paares basierend teilweise auf der ersten Ge-
wichtung und der zweiten Gewichtung, so dass
die Prioritat proportional ist zu einer Chance des
Tx-Rx-Strahlenpaares zur Messung ausge-
wahltzu werdenin Bezug aufPrioritaten anderer
Tx-Rx-Strahlenpaare der Vielzahl von Tx-Rx-
Strahlenpaaren; oder

eine Kombination davon.

Vorrichtung fiir Drahtloskommunikation nach An-
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spruch 6, die Folgendes aufweist:

einen Transceiver (1110);

einen Speicher (1106); und wobei die Mittel zum
Auswahlen, Mittel zum Aktualisieren, Mittel zum
Bestimmen, Mittel zum Ermitteln und Mittel zum
Wechseln

wenigstens einen Prozessor (1114) aufweisen,
der an wenigstens einen von dem Speicher ge-
koppelt ist

Revendications

Procédé de communication sans fil réalisé par un
équipement utilisateur, UE (604), capable d’effec-
tuer la communication par ondes millimétriques,
mmW, comprenant les étapes consistant a :

sélectionner (702) par I'UE (604) une paire de
faisceaux d’émission, Tx, et de réception, Rx
parmi une pluralité de paires de faisceaux de
Tx-Rx disponibles au niveau de 'UE pourlame-
sure, sur la base en partie d’'une priorité de la
paire de faisceaux de Tx-Rx, dans lequel la plu-
ralité de paires de faisceaux de Tx-Rx comprend
un ensemble de faisceaux de Tx et un ensemble
de faisceaux de Rx, ladite priorité représentant
une probabilité qu’'une paire soit sélectionnée
pour la mesure ;

mettre a jour (704) la priorité de la paire de fais-
ceaux de Tx-Rx sélectionnée surla base en par-
tie d’'une combinaison d’informations statiques
etd’informations dynamiques de la paire de fais-
ceaux de Tx-Rx sélectionnée, les informations
statiques de la paire de faisceaux de Tx-Rx com-
prenant une relation spatiale de la paire de fais-
ceaux de Tx-Rx, ou une présence ou une ab-
sence de ligne de visée entre la paire de fais-
ceaux de Tx-Rx, ou une combinaison de celles-
ci ; et dans lequel les informations dynamiques
comprennent une ou plusieurs mesures de fais-
ceau les plus récentes de la paire de faisceaux
de Tx-Rx sélectionnée ;

vérifier (706) la paire de faisceaux de Tx-Rx sé-
lectionnée en mesurant a nouveau la paire de
faisceaux de Tx-Rx sélectionnée et en mettant
a jour la valeur de priorité pour la paire de fais-
ceaux de Tx-Rx sélectionnée dans un nombre
prédéterminé de cycles de synchronisation ;
déterminer (708) une nouvelle paire de fais-
ceaux de Tx-Rx de desserte sur la base des
priorités de la pluralité de paires de faisceaux
de Tx-Rx en sélectionnant comme nouvelle pai-
re de faisceaux de Tx-Rx de desserte, la paire
de faisceaux de Tx-Rx de la pluralité de paires
avec une valeur la plus élevée de priorité aprés
avoir vérifié les paires de faisceaux candidats
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sélectionnées pour le nombre prédéterminé de
cycles de synchronisation ; et

commuter (710) vers la nouvelle paire de fais-
ceaux de Tx-Rx de desserte a partir d’'une paire
de faisceaux actuelle.

Procédé selon la revendication 1, dans lequel I'en-
semble de faisceaux de Tx a un diagramme de fais-
ceau Tx fixe.

Procédé selon la revendication 2, dans lequel la sé-
lection de la paire de faisceaux de Tx-Rx comprend
en outre la sélection d’'un faisceau Rx sur la base du
diagramme de faisceau Tx fixe.

Procédé selon la revendication 2, dans lequel la sé-
lection de la paire de faisceaux de Tx-Rx comprend
en outre la sélection de la paire de faisceaux de Tx-
Rx pour un nombre de fois proportionnel a la priorité
de la paire de faisceaux de Tx-Rx par rapport aux
priorités d’autres paires de faisceaux de Tx-Rx de la
pluralité de paires de faisceaux de Tx-Rx.

Procédé selon larevendication 1, dans lequel la mise
a jour de la priorité comprend au moins 'un des élé-
ments suivants consistant a :

mettre a jour un premier poids associé aux in-
formations statiques ; ou

mettre a jour un deuxiéme poids associé aux
informations dynamiques ; ou

combiner les informations dynamiques et les in-
formations statiques de la paire de faisceaux de
Tx-Rx, sur la base en partie du premier poids et
du deuxieme poids, de telle sorte que la priorité
soit proportionnelle a la probabilité que la paire
de faisceaux de Tx-Rx soit sélectionnée pour la
mesure par rapport aux priorités d’autres paires
de faisceaux de Tx-Rx de la pluralité de paires
de faisceaux de Tx-Rx ; ou

une combinaison de ceux-ci.

6. Appareil (1002) pour la communication sans fil au

niveau d'un utilisateur, UE,

comprenant :

équipement

des moyens pour sélectionner par'UE une paire
de faisceaux d’émission, Tx, et de réception, Rx
parmi une pluralité de paires de faisceaux de
Tx-Rx disponibles au niveau de I'UE pour la me-
sure, sur la base en partie d’'une priorité de la
paire de faisceaux de Tx-Rx, dans lequel la plu-
ralité de paires de faisceaux de Tx-Rx comprend
un ensemble de faisceaux de Tx etun ensemble
de faisceaux de Rx ; ladite priorité représentant
une probabilité qu’'une paire soit sélectionnée
pour la mesure ;

des moyens pour mettre a jour la priorité de la
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paire de faisceaux de Tx-Rx sélectionnée sur la
base en partie d'une combinaison d’informa-
tions statiques et d'informations dynamiques de
la paire de faisceaux de Tx-Rx sélectionnée, les
informations statiques de la paire de faisceaux
de Tx-Rx comprenant une relation spatiale de
la paire de faisceaux de Tx-Rx, ou une présence
ou une absence de ligne de visée entre la paire
de faisceaux de Tx-Rx, ou une combinaison de
celles-ci ; et dans lequel les informations dyna-
miques comprennent une ou plusieurs mesures
de faisceau les plus récentes de la paire de fais-
ceaux de Tx-Rx sélectionnée ;

des moyens pour vérifier la paire de faisceaux
de Tx-Rx sélectionnée en mesurant a nouveau
la paire de faisceaux de Tx-Rx sélectionnée et
en mettant a jour la valeur de priorité pour la
paire de faisceaux de Tx-Rx sélectionnée dans
un nombre prédéterminé de cycles de
synchronisation ;

des moyens pour déterminer une nouvelle paire
de faisceaux de Tx-Rx de desserte sur la base
des priorités de la pluralité de paires de fais-
ceaux de Tx-Rx en sélectionnant comme nou-
velle paire de faisceaux de Tx-Rx de desserte,
la paire de faisceaux de Tx-Rx de la pluralité de
paires avec une valeur la plus élevée de priorité
apres avoir vérifié les paires de faisceaux can-
didats sélectionnées pour le nombre prédéter-
miné de cycles de synchronisation ;

des moyens pour vérifier la paire de faisceaux
de Tx-Rx sélectionnée en mesurant a nouveau
la paire de faisceaux de Tx-Rx sélectionnée
dans un nombre prédéterminé de cycles de
synchronisation ; et

des moyens pour passer a la nouvelle paire de
faisceaux de Tx-Rx de desserte a partir d'une
paire de faisceaux actuelle.

Appareil selon la revendication 6, dans lequel I'en-
semble de faisceaux d’émission a un diagramme de
faisceau d’émission fixe.

Appareil selon la revendication 7, dans lequel les
moyens de sélection de la paire de faisceaux de Tx-
Rx comprennent en outre la sélection d’'un faisceau
Rx sur la base d’'un diagramme de faisceau de Tx
fixe, 'ensemble de faisceaux de Tx ayantle diagram-
me de faisceau de Tx fixe.

Appareil selon la revendication 7, dans lequel les
moyens de sélection de la paire de faisceaux de Tx-
Rx comprennent en outre la sélection de la paire de
faisceaux de Tx-Rx pour un nombre de fois propor-
tionnel a la priorité de la paire de faisceaux de Tx-
Rx par rapport aux priorités d’autres paires de fais-
ceaux de Tx-Rx de la pluralité de paires de faisceaux
de Tx-Rx.
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10. Appareil selon la revendication 7, dans lequel les
moyens pour mettre a jour la priorité comprennent
au moins l'un des éléments suivants consistant a :

mettre a jour un premier poids associé aux in- 5
formations statiques ; ou

mettre a jour un deuxiéme poids associé aux
informations dynamiques ; ou

combiner les informations dynamiques et les in-
formations statiques de la paire de faisceauxde 70
Tx-Rx, sur la base en partie du premier poids et

du deuxieme poids, de telle sorte que la priorité

soit proportionnelle a la probabilité que la paire

de faisceaux de Tx-Rx soit sélectionnée pour la
mesure par rapport aux priorités d’autres paires 75
de faisceaux de Tx-Rx de la pluralité de paires

de faisceaux de Tx-Rx ; ou

une combinaison de ceux-ci.

11. Appareil de communication sans fil selon la reven- 20
dication 6, comprenant :

un émetteur-récepteur (1110) ;

une mémoire (1106) ; etdans lequel les moyens

de sélection, les moyens de mise a jour, les 25
moyens de détermination, les moyens de véri-
fication et les moyens de commutation com-
prennent

au moins un processeur (1114) couplé a au
moins I'une des mémoires. 30
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