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DEVICE AND METHOD FOR SYNCHRONQOUS BEAM SWITCHING

PRIORITY CLAIM
{8601} This application claims the benefit of priority to United States
Provisional Patent Apphication Senal No. 62/299,949, filed February 25, 2016,
and entitled “SYNCHRONOUS BEAM SWITCHING,” which is incorporated

herein by reference in its entirety.

TECHNICAL FIELD
{6002] Embodiments pertain to radio access networks. Some
embodiments relate to providing data in celtular and wirgless local area network
{WLAN) networks, including Third Generation Partnership Project Long Term
Evolution (3GPP LTE) networks and LUTE advanced (LTE-A) networks as well
as 4™ generation (4G) networks and 5% generation (3G) networks, all of which
are hereinafter referred to as LTE networks. Some embodiments relate o

beamforming m LTE networks.

BACKGROUND
[0003] The use of 3GPP LTE systems {including LTE and LTE-
Advanced systems} has increased due to an increase in both the types of user
equipment {UEs) using network resources and the amount of data and bandwidth
being used by various applications, such as video streaming, operating on these
UEs. Asaresult, 3GPP LTE systems continue to develop, with the next-
generation wircless communication system, 3G, aiming to answer the ever-
mereasing demand for bandwidth.
0004} In particular, carrier aggregation using high-frequency bands and
Multiple fnput Muktiple Output (MIMO) systems is being used to increase data
rates. MIMO systems use raultipath signal propagation to conununicate with
one or more UEs via multiple signals transmutted by the same evolved NodeB
(eNB} on the same or overlapping frequencies that would interfere with each
other if they were on the same path. This increase in uplink or downlink data

1
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may be dedicated to one UE, mereasing the effective bandwidth for that UE by
the number of spatial streams (Single User MIMO or SU-MIMO), or may be
spread across multiple UEs using different spatial streams for each UE (Multiple
User MIMO or MU-MIMO)}. In beamforming of MU-MIMO systems, in which
5 multiple signals are transmitted in paraliel in different directions, selection of the
appropriate beam may complicate transmission and roception, especially when

the high-frequency bands are used.

BRIEF DESCRIPTION OF THE FIGURES
10 [0005] In the figures, which are not necessanly drawn to scale, hike
numerals may describe similar components in different views. Like numerals
having different letter sutfixes may represent different instances of similar
components. The figures illustrate generally, by way of example, but not by way
of himitation, various embodiments discussed in the present document.
15 |3(06] FIG. 115 a functional diagram of a wireless network in
accordance with some embodiments.
{06071 FIG. 2 illustrates components of a communication network in
accordance with some embodiments.
{0008} FIG. 3 illustrates aspects of a beamforming MU-MIMO system in
20 accordance with some embodiments.
009} FIG. 4 illustrates aspects of synchronous beam switching in
accordance with some embodiments.
[0019] FIG. 5 illustrates an example method for synchronous beam

switching 1 accordance with some embodiments.

3
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{0611} FI1G. 6 illustrates one example method of synchronous beam
switching in accordance with some embodiments.

{0012} FI1G. 7 dlustrates aspects of synchronous beam switching in
accordance with some embodiments.

HERRY FIG. 8 illustrates aspects of a UE, in accordance with some

30 example embodiments.
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[0014] FiG. 9 is a block diagram illustrating an example computer
system machine which may be used in association with various embodiments
deseribed herein.

0615} F1G. 10 iHlustrates aspects of a UE, i accordance with some

5 cxample embodiments.

DETAILED DESCRIPTION
HEBEY The following description and the drawings sufficiently illustrate
specific crabodinents to enable those skilled in the art to practice them. Uther
10 embodiments may incorporate structural, logical, electrical, process, and other
changes. Portions and features of some embodiments may be incladed i, or
substituted for, those of other embodiments. Embodiments set forth mn the
claimos encompass all available equivalents of those claims.
{6617 FIG. 1 shows an example of a portion of an end-to-end network
15 architecture of a network {e.g. an Long Term Evolation (L'TE) network) with
various components of the network in accordance with some embodiments. In
particular, some communications between eNBs 104 and UEs 102 may involve
high-frequency channel communication with beamforming. In various
embodiments, Beam Refinement Reference Signals (BRRS¢) can be utilized as
20 synchronization signals for transmit and receive beam switching, and beam
switching indicators within downlink contrel information (DCI)
commumnications. In various embodiments, these synchronous beam switching
operations may be used in an LTE network such as the networks of FIGs. 1-3, or
m any other such communication network. As used herein, an LTE network

refers to both LTE and LTE Advanced (LTE-A) networks as well as other

3
L

versions of LTE networks m development, such as 4G and 5G LTE networks.
The network may comprise a radio access network (RAN}) (e.g., as depicted, the
E-UTRAN or evolved umversal terrestrial radio access network) 100 and a core
network 120 {e.g., shown as an evelved packet core (EPCY) coupled together

30 through an ST imterface 115, For convenience and brevity, only a portion of the

core network 120, as well as the RAN 101, is shown in the exarmple.
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[(3018] The core network 120 may include a mobility management eotity
(MME) 122, a serving gateway {(serving GW) 124, and a packet data network
gateway {(PDN GW} 126, The RAN 101 may mclude evolved nodeBs (eNBs)
104 (which may operate as base stations) for communicating with user

5 cguipment (UE) 102, The eNBs 104 may inchide macro eNBs 104a and low
power (LP) eNBs 104b. The eNBs 104 and UEs 102 may employ the techniques
described herein.

[3019] The MME 122 may be similar in function o the control plane of

10 mobility aspects in access such as gateway selection and tracking area list
management. The serving GW 124 may terminate the interface toward the RAN
101, and route data packets between the RAN 101 and the core network 120, In
addition, the serving GW 124 may be a local mobility anchor point for inter-cNB
handovers and also may provide an anchor for inter-3GPP mobility. Other

15 responsibilities may include lawful intercent, charging, and some policy
enforcement. The serving GW 124 and the MME 122 may be implemented 1
one phvsical node or separate physical nodes.
06261 The PDN GW 126 may terminate a SGi interface toward the
packet data network (PDN). The PDN GW 126 may route data packets between

20 the core network 120 and the external PIIN, and may perform policy
enforcement and charging data collection. The PDN GW 126 may also provide
an anchor pomt for mobility devices with non-LTE access. The external PDN
can be any kind of IP network, as well as an P Multimedia Subsystenm (IMS)

domain. The PDN GW 126 and the serving GW 124 may be implemented in a

b
L

single physical node or separate physical nodes.

{0621} The ¢NBs 104 {(macro and micro) may termunate the air interface
protocol and may be the first point of contact for a UE 102, In some
embodiments, an ¢NB 104 may tulfill various logical functions for the RAN 101
including, but not limited to, RNC (radio network controller) functions such as
30 radio bearer management, uplink and downlink dynamic radio resource
management and data packet scheduling, and mobility management. In

accordance with embodiments, the UEs 102 may be configured to communicate
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orthogonal frequency division multiplexed (OFDM) communication signals with
an ¢NB 104 over a multicarrier communication channel in accordance with an
orthogonal frequency-division muliple access (OFDMA) communication
technigque. The OFDM signals may comprise a plurality of orthogonal
subcarriers.

[0022] The S1 interface 115 mav be the interface that separates the RAN
101 and the core network 120, It mayv be aplit into two parts: the 51-U, which
may carry traffic data between the eNBs 104 and the serving GW 124, and the
S1-MME, which may be a signaling uterface between the eNBs 104 and the
MME 122, The X2 mntertace may be the mterface between eNBs 104, The X2
mterface may comprise two parts, the X2-C and X2-U. The X2-C may be the
control plane wterface between the eNBs 104, while the X2-U may be the user
plane interface between the eNBs 104,

{60231 With cellular networks, LP eNBs [04b may be typically used to
extend coverage to indoor arcas where outdoor signals do not reach well, or to
add network capacity in arcas with dense usage. In particular, it may be
desirable to enhance the coverage of a wireless communication system using
cells of different sizes, macrocells, microcells, picocells, and femtocells, to boost
system performance. The cells of different sizes may operate on the same
frequency band, or may operate on different frequency bands with each cell
operating n a different frequency band or only cells of different sizes operating
on different frequency bands. As used herein, the term LP eNB refers to any
suitable relatively LP eNB for implementing a smaller cell (smaller than a macro
cell) such as a femtocell, a picocell, or a microcell. Femtocell eNBs may be
typically provided by a mobile network operator to its residential or enterprise
customers. A femtocell may be typically the size of a residential gateway or
smaller and generally connect to a broadband line. The fondocell may connect
to the mobile operator’s mobile network and provide extra coverage in a range
of typically 30 to 50 meters. Thus, a LP ¢NB 104b might be a femtocell eNB
since it is coupled through the PDN GW 126, Smmlarly, a picocell may be a
wireless communication svstem typically covering a small arca, such as n-

building {offices, shopping malls, train stations, etc.), or more recently in-
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aircraft. A picocell eNB may generally connect through the X2 link to another
¢NB such as a macro ¢NB through its base station controller (BSC)
functionality. Thus, a LP ¢NB 104b may be implemented with a picocell eNB
since 1t may be coupled to a macro eNB 104a via an X2 mterface. Picocell
cNBs or other LP eNBs 104b may mcorporate some or all functionality of a
macro eNB 104a or LP eNB 104a. In some cases, this may be referred to as an
access point base station or enterprise femtocell.

[0024] Communication over an LTE network may be split up into 10ms
radio frames, cach of which may contain ten Ims subframes. Each subframe of
the frame, m turn, may contain two slots of 0.5ms. Hach subframe may be use
for uphok (UL} communications from the UE 102 to the eNB 104 or downlink
{DL) communications from the eNB 104 to the UE 102, In one embodiment, the
cNB 104 may allocate a greater mamber of DL communications than UL
communications in a particular frame. The eNB 104 may schedule
transmissions over a variety of frequency bands. Fach slot of the subframe may
contain 6~-7 OFDM symbols, depending on the system used. In one
embodiment, cach subtrame may contam 12 subcarmers. In the 3G system,
however, the frame size {ms}, the sabframe size, and the number of subframes
within a frame, as well as the frame structure, may be different from those of a
4G or LTE system. The subframe size, as well as the number of subframes in a
frame, may also vary in the 5G system from frame to frame. For example, while
the frame size may remain at 10ms m the 3G system for downward
compatibility, the subframe size may be decreased to .2ms or 0.25 ms to
merease the number of subframes m cach frame.

{8025} A downlink rescurce grid may be used for downlink
transmissions from an eNB to a UE, while an uplink resource grid may be used
for uplink transmissions from a UE to an eNB or from a UE to another UE. The
resource grid may be a time-frequency grid, which is the physical resource in the
downlink in each slot. The smallest time-frequency umit in a resource grid may
be denoted as a resource clement (RE). Each column and each row of the
resource grid may correspond to one OFDM symbol and one OFDM subcarrier,

respectively. The resource grid may contain resource blocks (RBs) that descenibe

)
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the mapping of physical channels to resource clements and physical RBs
{PRBs). A PRB may be the smallest unit of resources that can be allocated to a
UE. A RE m some embodiments may be 180 kHz wide in frequency and 1 slot
fong i time. In frequency, RBs may be either 12 < 15 kHz subcarriers or 24 x
7.5 kHz subcarriers wide, dependent on the system bandwidth. In Frequency
Division Duplexing (FDD) systems, both the uplink and downlink frames may
be 10ms and frequency {foll-duplex) or time ¢half-duplex} separated. The
duration of the resource grid in the time domain corresponds to one subframe or
two resource blocks. Hach resource grid may comprise 12 (subcarricrs) *14
{symbols} =168 resource elements.

{8026} Hach OFDM symbol may contaim a cyclic prefix {CP) which may
be used to effectively eliminate Inter Symbol Interference (1513, and a Fast
Fourier Transform {FFT) period. The duration of the CP may be determined by
the highest anticipated degree of delay spread. Although distortion from the
preceding OFDM symbol may exist within the CP, with a CP of sufficient
duration, preceding OFDM symbols do not enter the FFT period. Once the FET
period signal is received and digitized, the receiver may ignore the signal in the
CP.

10027} There may be several different 5G physical downlink channels
that are conveyed using such resource blocks, including the 5G physical
downlink control channel (xPDCCH) and the 3G physical downlink shared
channel (xPDSCH). Each downlink subframe may be partitioned mto the
xPDCCH and the xPDSCH, and perbaps additional signals, as discussed below.
The xPDCCH may occupy the first two symbols of each subframe and carry,
among other information, mformation about the transport format and resource
aHocations related to the xPDSCH channel, as well as alfocation and hybrid
automatic repeat request {H-ARQ} information related to the 5G uplink shared
channel (xPUSCH). The xPDSCH may carry user data and higher-fayer
signaling to a UE and, in some embodiments, oceupy the remainder of the
subframe. Typically, downlink scheduling (assigning control and shared
channel resource blocks to UEs within a cell) may be performed at the eNB
based on channel guality information provided from the UEs to the eNB, and

)
7
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then the downlink resource assignment information may be sent to each UE on
the xPDCCH used for (assigned to) the UE. The xPDCCH may contain DClin
one of a number of formats that indicate to the UE how to find and decode data,

transmtted on the xPDSCH n the same subframe, from the resource gnd. The

v

DL format may provide details such as a number of resource blocks, resource
allocation tvpe. modulation scheme, transport block, redundancy version, coding
rate, etc. Each DCI format may have a cyclic redvmdancy code (CRC) and be
scrambled with a Radio Network Temporary Identifier (RN'TH that identifies the
target UE for which the xPDSCH is intended. Use of the UE-specific RNTE may
10 hmut decoding of the DCI format (and hence the corresponding xPDSCH) 1o
only the mtended UE.
{00628} Various types of reference signals may be transmitted by the eNB
104 for a UE 102 to measurc. The reference signals may include, for example,
cell-specific reterence signals {(CRSs) and UE-specific reference signals
15 {(DMRSs} The CRSs may be used for cell search and mitial acquisition,
demodulation, and channel quality estimation. The DMRSs may be used for
PDSCH demodulation by the UE, as well as for handover. The number and type
of downlink reference signals has increased with newer generations of LTE
networks, which has led to issues due to the increased number of antennas,
20 antenna panels, and antenna ports. In particular, the eNB and/or UE may use
specific reference signals in beamforming to increase data throughput or quality.
Dhfforent reference signals may be transmitted by the ¢NB in each beam for
power measurement by the UEs serviced by the cNB and beam selection. These

reference signals may be referred to as Beamformed Reterence Signals (BRSs)

3
L

and may be located in different symbols within g specific BRS subframe. The
eNB may transmit different beamformed reference signals in the PDSCH on the
different antennas. In particular, the different beamformed referonce signal may
use different sequences to enable the UE to distinguish among the various
beamformed reference signals. The sequences may be similar to those used for
30 Secondary Synchronization Signal (S88) sequences, which may be an
mterleaved concatenation of two length-31 binary sequences scrambled with a

scrambling sequence given by the Primary Synchronization Signal (PSS). In

8
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some embodiments, the BRS transmitted from cach ¢eNB antenna port may be a
cychic shift of a base sequence. in some embodiments, the UE may perform a
scan to determine which BRS to use in order to measure the BRS receive power
{BRS-RP). In some embodiments, the UE will subseguently transmit BRS-RP
5 mformation as well as identity imformation of the beam and UE. This

mformation, for cxample, may enable the cNB to determine the best direction for
transmitting data to the UE,
10629] In some embodiments, Channel State Information (CS])
measurements may be used to estimate the channel quality. CSI measurements

10 may measure CRSs, CS1 Reference Signals (CHE-RSs), or other Channel State
Information-Interference Measurement {(CSE-IM) signals transmitted by the ¢NB.
From the measurements, calculations of the chansel quality may be subsequently
determined and reported to the eNB. The CSI report may include a Channel
Quality Indicator (CQI} and may be sent from the UE to the ¢NB to mdicate a

15 suitable downlink transmission data rate, 1.¢., a Modulation and Coding Scheme
{(MCS) value, for communications with the UE. The information provided by
the CQI may mclude both channel quality and desired transport block size.
06361 The system shown in FIG. 1 may also support MU-MIMO and
massive MIMO. Massive MIMO mayv use hundreds or thousands of antennas

20 over multiple terminals and eNBs, cach of which may be equipped with arravs of
active antenna clements. Signals sent using a set of antennas at a particular
angle are referred to as a beam. Each beam may have one or more transmission
angles, as well as an angular volume or a set of allowable ranges for the

transnussion angles. For example, a beam may be associated with a horizontal

3
L

angle, which allows the antennas on an ¢NB to track a UE as it moves across a
coverage arca horizontally, and with a vertical angle that changes as a height of
the UE or a distance of the UE from the ¢NB changes. For a fixed set of
antennas that generate the beam, this range will be limited, and the UE 15 passed
to different beams or channels when the UE moves outside the arga of coverage
30 for a particular beam.

{6631} An ¢NB can schedule a best transmission beam and a surrounding

transmussion beam within a U8 process. The Antenna Ports (APs) {e.g., the

9
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fixed address ports for each antenna out of all of the antennas of the eNB)
transmitting the best beam for a CS1-RS group may be explicitly configured via
radio resource control (RRC) signaling. The CSI processes thus measure the

performance of channels on particelar beams using the beamformed reference

v

signals transmitted by those beams. RRC signaling may be used to select

multiple beams for transnussion of data from the eNB to the UE when guality

thresholds are within certain parameters. Different structures for the €SI
processes may be used. For example, in some embodiments, each beam may
have separate CSI processes, and the cNB mayv configure a transmission beam

10 index for each CSI-RS group in a 81 process by RRC signaling. The UE may
provide to the eNB CSIor CQI feedback for at least some of the beams provided
by the eNB. In some embodiments, cach of the beams is configured as a C5i-
RS. Each beam may have a different polarization, leading to a number of
MIMO layers being used for each beam.

15 J6832] In MU-MIMO or massive MIMO, Tx beamforming and Rx
beamforming may be applied simultancous!yv. BERSs may be used for beam
refinement. In at least one case, to support a repeated BRRS, a wider subcarnier
spacing or time domain replica waveform may be ased. The BRRS can be
generated within one OFDM symbol, using frequency domain down-sampling

20 which changes the sampling band edge and scales the amplitude of the sampled

signal. By the down-sampling, the number of time-domain samples can be

reduced so that the subcarrier spacing can be increased. The BRRS may be
generated using a Zadoff-Chu sequence. The sequence may be a function of the

slot number, the cvclic shuti, the virtual cell ID, the number of antenna ports, an

3
L

antenma-port-fo-cyclic-shift mappimg fimction where the cyche shift is
determined by a hash table, and the number of BRRS subcarriers. The sequence
may be mapped to resource ¢lements on antenna ports as a function of the
number of BRRS sequence replicas in one symbol, the total number of downlink
resource blocks, and the subcarrier number per resource block., The BRRS can
30 be mapped to multiple BRRS symbols with repeated pattern and sequence,
where the number of BRRS symbols may be defined by the system or indicated

by the DCI and may be transmitted in one or more OFDM symbols.

10
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[6033] FIG. 2 illustrates a wirekess network 200, 1n accordance with
some cmbodiments. The wircless network 200 includes a UE 201 and an eNB
258 connected via one or more channels 280, 285 across an air interface 290,
The UE 201 and eNB 250 communicate using a svstem that supports controls for
5 managing the access of the UE 201 to a network via the eNB 250,
[0034] In the wireless network 200, the UE 201 and any other UE in the
system may be, for example, laptop computers, smartphones, tablet computers,
printers, machine-type devices such as smart meters or specialized devices for
healthcare monitoring, remote security surveiliance systems, mtelligent
10 transportation svstems, or any other wircless devices with or without a user
mterface. The eNB 230 provides the UE 201 network connectivity to a broader
network (not shown}. This UE 201 connectivity is provided via the air interface
290 1n an eNB service area provided by the eNB 250, In some embodiments,
such a broader network may be a wide area network operated by a cellular
15 network provider, or may be the Internet. Each ¢NB service arca associated with

the eNB 250 1s supported by antennas integrated with the eNB 250, The service
areas are divided into a number of sectors associated with certain antennas.
Such sectors may be physically associated with fixed antennas or may be
assigned to a physical area with tunable antennag or antenna settings adjustable

20 in a beamforming process used to direct a signal to a particular sector. One
embodiment of the eNB 250, for example, includes three sectors each covering
an approximately 120 degree arca with an array of antennas directed to each
sector to provide 360 degree coverage arcund the eNB 250,

{0035} The UE 201 mcludes control circuitry 205 coupled with fransmit

3
L

circuitry 210 and recetve circuitry 215, The transmit circuitry 210 and receive
circuitry 215 may cach be coupled with one or more antennas. The control
circuitry 205 may be adapted to perform operations associated with wireless
communications using congestion control. The control circuitry 205 may
include various combinations of application specific circuttry and baseband

30 gircuitry. The transnut circuitry 210 and receive circuitry 215 may be adapted to
transmit and receive data, respectively, and may include radio frequency (RF)

circutry or front end modiude (FEM) circuitry. In varicus embodiments, aspects

11
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of the transmit circuitry 210, receive circuitry 2135, and control circuitry 205 may
be integrated i various ways to implement the circuttry described herein. The
control circuitry 205 may be adapted or contigured to perform various
operations such as those described elsewhere 1n this disclosure related to a UE.

5 The transmit circuitry 210 may transmit a plurality of multiplexed uplink
physical channels. The plurality of uplink physical channels mayv be multiplexed
according to time division multiplexing (TDM) or frequency division
multipicxing (FDM) along with carmmicr aggregation. The transmit circuitry 210
may be configured to receive block data from the control circuitry 203 for

10 transmission across the air interface 290. Sumilarly, the receive circuitry 215
may receive a plurality of mudtiplexed downlink physical channels from the air
interface 290 and relay the physical channels to the control circuitry 205, The
plurality of downlink physical channels may be multiplexed according to TDM
or FDM along with carrier aggregation. The transnut circuitry 210 and the

15 receive circuitry 215 may transmit and receive both control data and content data
{c.g., messages, images, video, ofc.) structured within data blocks that are carried
by the physical channels.

08636} F1(3. 2 also illustrates the eNB 250, in accordance with various
embodiments. The eNB 250 circuitry may include control circuiiry 255 coupled

20 with transmit circnitry 260 and receive cirenitry 265 The transmit circuitry 260
and recetve circuitry 2635 may each be coupled with one or more antennas that
may be used to enable communications via the air interface 290,

{6637} The control circuitry 255 may be adapted to perform operations

for managing channels and congestion control communications used with

3
L

various UEs, mcluding communication of open mobile alliance (OMA)
management objocts (OMA-MOs) describing application categorics as detailed
further below. The transmit circuitry 260 and receive circuitry 265 may be
adapted to transmit and receive data, respectively, to any UE connected to the
eNB 2350, The transmit eircuitry 260 may transmit downlink physical channels
30 ¢omprised of a plurality of downlink subframes. The receive circuitry 265 may
receive a plurality of uplink physical channels from various UEs including the

UE 201

12
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[(3038] FIG. 3 illustrates aspects of a wirgless system 300 in accordance
with some embodiments. The wireless svstem 300 includes hugh-frequency
band communications between an eNB 350 and a UE 301, In the high-
frequency band commaenications, beamforming for a transmit {Tx} beam 312 and
5 areceive {Rx) beam 314 is applied io provide beamforming gain. In varicus

embodiments, this compensates for severe path loss, and suppresses mutual user
mterference.
[{3039] During the wireless Hink between the eNB 350 and the UE 301,
multiplc chamne! clusters 320A-N exist due to reflection and/or diffraction. At

10 the eNB 350 side, the Tx beam 312 ahigns with the angle of departure (AGD)
and zenith angle of departure (Z0D) of a strongest channel chuster 310,
Simulardy, at the UE 301 side, the Rx beam 314 will align with the angle of
arnval {AOA) and zenith angle of ammival (£Z0A) of the strongest channel cluster
310 selected from all channel clusters 320A-N. Whale FIG. 3 illustrates the

15 AQA/ZOA and AOD/Z0D with a two-dimensional representation associated
with the tustrated directionality of the Tx beam 312 and the Rx beam 314, it
will be apparent that the ADA/ZOA and AGD/Z0D are associated with a three-
dimensional direction for both the Tx beam 312 and the Rx beam 314, and any
adjustment in a beam to generate an updated Tx beam or updated Rx beam may

20 be performed for alignment in a three-dimensional space to generate the
communication link between the eNB 350 and the UE 301, Along with the
movement of the UE 301 or the change of the sarrounding envivonment, the
strongest channel cluster will change from the strongest channel cluster 31010 a

new strongest channel cluster. Subsequently, the Tx/Rx beam pair 312, 314 may

3
(v

adjust to a new updated Tw/Rx beam pair to match the new strongest channel
cluster selecied from the channel clusters 320A-N. In various embodiments, this
serves to realize transmission based on the strongest channel cluster as
changes.

[B040] In particolar, during beam switching, the link quality will

30 decrease if the Tx beam 312 and Rx beam 314 are mismatched as the adjustment
occurs during alignment to a different channel cluster. As described herein,

signaling s used to limit the mismatch during switching. FIG. 4 illustrates

13
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aspects of synchronous beam switching in accordance with some embodiments.
As illustrated by communications 400 of FIG. 4, in some embodiments, control
symbols 410 include a beam switching indicator for synchronous beam
switching. In some embodiments, the control symbols 410 include DCL In
5 some such embodiments, the beam switching mdicator is a 1-bit element within

the control symbols 410, The control symbols 410 are communicated using a Tx
beam 412 and an Rx beam 414, In response to the beam swiiching indicator, at a
later time following communication of the control symbols 410, data OFDM
symbols 440 are communicated using an updated Tx beam 432 and an updated

10 Rx beam 434,
{86041} FIG. 5 ilustrates an example method 500 for synchronous beam
switching in accordance with some such embodiments. Method 500 is
performed by a UE in a wireless network in some embodiments. fn some
embodiments, method 500 1s embodied by circuitry configured or adapted to

15 perform the operations of method 500G as part of a device. In some
embodiments, instructions on a storage medium or a non-transitory computer
readable medium that, when executed by one or more processors, cause a device
{¢.g., UE) to perform method 3500 are an embodiment.
[0042] Method 500 begins with operation 503, in which a UE decodes

20 beam refinement reference signal (BRRS) information {¢.g., conirol syvmbols
410y from an evolved node B (¢NB) that indicates that a transmission {Tx) beam
{e.g., Tx beam 412} will be switched to an updated Tx beam (¢ .g., updated Tx
beam 432).

16043] In operation 510, the UE determines, from the BRRS mformation,

3
L

a timing associated with the switching of the Tx beam to the updated Tx beam.
This timing enables synchronous operation, and hmits performance degradation
causcd bv mismatch between the Tx and Rx beams as thev change over time, as
detailed above. In some embodiments, the timing information is based on an
Nth frame offset value from the communication comprising the BRRS

30 information {¢.g., a frame including BCH. In other embodiments, other such
tinungs may be used. fn some embodiments, an immediate switching is

performed as the BRRS mformation 1s decoded and the UE determines that the

14
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Tx beam is switching to an updated Tx beam. The UE mitiates switching from a
current Rx beam to an updated Rx beam in operation 515 to match the updated
Tx beam at the timing associated with the switching of the Tx beam to the
updated Tx beam.

{0044} In some embodiments, prior to the UE receiving data on an
updated Rx beam, operation 520 1s performed, in which CSI-RS operation is
enabled, and performance measarements are calculated using the updated Rx
beam. Additicnal details of such an operation are described below with respect
to F1G. 7.

[8045] FIG. 6 illustrates an example method of synchronous beam
switching in accordance with some embodiments. FIG. 6 illustrates a
corresponding method 600 performed by an eNB that may be in communication
with a UE perfomming method 500. Method 600 1s tmplemented sinulardy to
method 300 in different embodiments, as described above. In other
embodiments, method 600 is performed by an eNB in communication with
multiple UEs, or in communication with one or more UEs performing operations
different from those of method 500,

{6046} In method 600, an eNB such as eNB 104, 250, or 350 encodes a
DI communication comprising a BRRS indicator in operation 605. This BRRS
mformation is encoded for a first UE to indicate that a Tx beam will be switched
to an updated Tx beam in operation 610. In operation 615, the ¢NB tranamits the
encoded DU including the BRRS information to the first UE. In operation 620,
the eNB then transmits information using the updated Tx beam. v some
embodiments, CSI-RS operation is enabled, such that a reference signal 1s
transmitted using the updated Tx beam prior to transptting data on the updated
Tx beam. In other embodiments, data is simply transmitted on the updated Tx
beam at a time indicated by timing information of the DCL

{60471 For example, as described above with respect to operation 320,
the beam switching indicator can be configured during DCI for CSI-RS
configuration. In such cmbodiments, if beam switching is activated. a UE will
measure the CSI-RS based on a candidate Rx beam; otherwise, the current Rx

beam 1s adopted.
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10048] In some such embodiments, for example, the control symbols 410
mclude configuration for a beam switching indicator. {f beam swiiching is
activated, CSI-RS measurements are performed based on transnussions by the
updated Tx beam using an updated Rx beam. If the performance of the updated

5 {eg., candidate} Rx beam is superior to the previously used Rx beam, then the
updated Rx beam is used for data transnussions. If the performance of the
previously used Rx beam 13 superior, the data transmissions occur using the
updated Tx beam and the previous Rx beam {¢.g., the Rx beam mstead of the
updated/candidate Rx beam).

10 [0049] FIG. 7 llustrates aspects of synchronous beam switching in
accordance with some embodiments that use CSI-RS and a one-bit beam
switching indicator. FIG. 7 lustrates communications 700 between an eNB and
a UFE using Tx and Rx beams that switch over time along with the movement of
the UE or changes in the surrounding environment, as described above and

15 illustrated by the channel clustering in FIG. 3. During initial operation, a
strongest cluster is selected and used to create a communication link with a Tx
beam 712 and an Rx beam 714, The cluster is selected so that a qualified hink
can be built, since the stronger channel clusters provide better channel quality,
As the environment changes, and the power of different clusters fluctuates, the

20 ¢NB and UE update the Tx beam and Rx beam using synchronous switching,
As part of this, the initial Tx beam 712 and Bx beam 714 communicate control
symbols 710 inchuding a one-bit beam switching mdicator 711 with a value of
“17, mdicating abrupt beam switching. 1n such an embodiment, the BRRS is

utifized as an ndication signal.

b
L

{00561 In one embodiment, if the ¢NB is configured to change such that
a current Rx beam will be switched to an updated candidate Rx beam when the
channel guality indicator (CQF) of the updated candidate Rx beam is better than
the current Rx beam, the BRRS format for abrupt beam switching 1s triggered.
HEE Y In such an embodiment, the UE receives the BCY corresponding
30 toa BRRS counfiguration based on the current Rx beam 714, and detects the
BRRS format imdicator within the DCL. Afier the UE observes that the BRRS

format indicator identifies a format for abrupt beam switching, the UE calculates

16
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an optimal Rx beam for the following data reception. In some embodiments, the
UE receives the BRRS based on the current Rx beam 714 and identifies a set of
candidate Rx beams around a target candidate Rx beam. The final (e.g., optimal
or calculated best) Rx beam 1s determined and used for the subsequent data
5 communication.

[0052] As illustrated by FIG. 7, in one embodiment, the control symbols
710 include the beam switching indicator 711 commumnicating to a UE that an
abrupt beam switching is triggered. The control symbols 710 are communicated
using the current Tx beam 712 and Rx beam 714. CSI-RS symbols 737 are also

10 communicated and received using an updated Tx beam 732 and a candidate
updated Rx beam 734, Transmussion of data OFDM symbols 740 may continue
durning the time before the switching occurs. The UE then calculates COI
mformation or other related signal quality information to determine an updated
Rx beam with the highest performance. This may be the candidate updated Rx

15 beam 734, the original Rx beam 714, or another Rx beam that is past of a set of
candidate Rx beams having any AOD/Z0D value. Once the updated Rx beam is
selected {e.g., a beam having determuned AGD/Z0D values), the data 1s received
using the updated Rx beam.
{0653} As described in various embodiments below, in order to

20 simuitaneously switch the Tx beam 312 and the Rx beam 314 at the
corresponding eNB 350 and UE 301 (FIG. 3}, the following mechanisms are
proposed in this disclosure: BRRS can be utilized as the synchronous signal to
mform the UE 301 that 1t 15 a candidate for beam switching: and a beam

switching mdicator witlhun DCI may be used.

3
(v

{8054} In the embodiment of FIG. 7, the example one-bit beam switching
mdicator format element has a value of one. In other embodiments, the beam
switching indicator format clement has a value of zero, and operation continues
with no adjustments. In other embodiments, the operations associated with 07
and “1” values may be reversed, such that a “0” value is associated with the

30 abrupt beam switching.

[0055] In various other embodiments, any other such DCI format

clement values or other DCI are used with a beam switching indicator as

17
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described herein. Additionally, as described above, in any embodiments, control
symbols {¢.g., DT include timing information. Such timing information may
melude a network synchromzed time for switching both the Tx and Rx beamas.
In some embodiments, the timing information is based on a subframe offset

5 {e.g., Noffset) for beam switching that is configured by BCL In still further
embodiments, master information block (MIB), system information block (SIB),
or radio resource control (RRC) signaling may be used to identify the tining
information, such that the Tx and Rx beams are operated with synchronous
switching to minimize performance degradation when the Tx and Rx beams are

10 mismaiched.

EXAMPLE EMBODIMENTS
[0056] Example 1 is an apparatus of a user equipment {UE), the
apparatus comprising: a memory; and processing circuitry in communication

15 with the memory and arranged to: decode beam refinement refercnee signal
{BRRS) mformation from an evolved node B (eNB) that indicates that a
transnussion (Tx) beam 1s to switch to an updated Tx beam; and mitiate
switching from a receive (Rx) beam to an updated Rx beam to match the updated
Tx beam when switching the Tx beam o the updated Tx beam.

20 {B0S7] In Example 2, the subject matter of Example | optionally
meludes wherem the processing circuitry is further configured to: receive, from
the eNB, a downhink control information (DCI) using the Rx beam, wherein the
DCI communication is received prior to decoding the BRRS mformation.

[0058] In Example 3, the subject matter of Example 2 optionally

b
L

mehides wherem the processing circuitry is further configured to decode a
BRRS format indicator within the DCL

[B059] In Example 4, the subject matter of Example 3 optionally
mnciudes wherein the processing circuitry 1s further configured to: identify the
BRRS format indicator as an abrupt beam switching mdicator; and determine the

30 updated Rx beam.

1%
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{(3060] In Example 3, the subject matter of any one or more of Examples
1-4 optionally mclude- 4 wherein the processing circuitry 1s further configured
to select the updated Rx beam from a set of candidate Rx beams.
{8061} In Example 6, the sabject matter of Example 5 optionally

5 mehedes wherein the updated Rx beam is selected from the set of candidate Rx
beams following receipt of the BRRS information.
0062} In Example 7, the subject matter of any one or more of Examples
5-6 optionally include wherein the BRRS information is received using the
updated Rx beam.

1 [0063] In Example 8, the subject matter of any one or more of Examples
2--T optionally inclade or 7 wherein the processing circuitry is further arranged
to: configure a beam switching indicator with receipt of the DT for channel
status indicator reference signal {CSI-RS) operation.

[0064] In Example 9, the subject matter of Example 8 optionally

15 ncludes wherein the processing circuitry is further arranged to: following
wdentitication of the BRRS format indicator as an abrupt beam switching
mdicator, performmg a CSI-RS measurement on the updated Rx beam.

{8065} In Example 10, the subject matter of Example 9 optionally
includes wherein the processing circuitry is further arranged 0 receive a data

20 transnussion associated with the updated Tx beam using the updated Rx beam in
response to the CSI-RS measurement.

0066} In Example 11, the subject matter of any one or more of
Examples 9-10 optionally include wherein the processing circuitry is further

arranged to: cancel switching from the Rx beam to the updated Rx beam in

3
(v

response to the CSI-RS measurement; and receive a transmuission associated with
the updated Tx beam using the Rx beam in response to the CSE-RS
measurement.

{067} In Example 12, the subject matter of any one or more of
Examples 4-11 optionally include or 8, wherein the beam switching mdicator

30 comprises a 1-bif field within a DCY format associated with the DCLL
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[(3068] In Example 13, the subject matter of Example 12 optionally
mcludes, wherein the abrupt beam switching indicator is configured by the UE
in response to a downhnk configuration DCI
{0069} In Example 14, the subject matter of any one or more of
5 Examples 12-13 optionally include wherein the abrupt beam switching indicator

is configured by a sccond DCI separate from the DCL
{6070} In Example 15, the subject matter of any one or more of
Examples 10-14 optionally include further comprising: one or more antennas
coupled to the processing circuitry; and a touchscreen display; wherein the

10 BRRS mformation s received via the one or more antennas; and wherein the
data transmission is initiated in response to an input received at the touchscreen
display.
{0071} Example 16 is a computer-readable storage medium that stores
mstructions for execution by one or more processors of a user equipment (UE),

15 the one or more processors to configare the UE to: decode beam refinement
reference signal (BRRS) mformation from an evolved node B (eNB) that
indicates that a transmission (Tx) beam 1s 1o switch to an updated Tx beam;
determine, from the BRRS information, a timing associated with switching of
the Tx beam to the updated Tx beam as indicated by the BRRS information; and

20 imitiate switching from a receiver (Rx) beam to an updated Rx beam to match the
updated Tx beam at the timing associated with the switching of the Tx beam to
the updated Tx beam.
{06072} In Examaple 17, the subject matter of Example 16 optionally

mecludes wherem the timing associated with the switching of the Tx beam to the

25 updated Tx beam as indicated by the BRRS information comprises an Nth frame
offset value.
[0073] In Example 18, the subject matter of Example 17 optionally

mnciudes wherein the processors are further configured to imtiate the switching to

the updated Rx beam upon receiving the BRRS information when the Nith frame
30 offset value 5 0.

[0074] In Example 19, the subject matter of anv one or more of

Examples 16-18 optionally inclode wherein the processors are further

20
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configured to: receive, from the eNB, a downlink control information (BCI)
communication using the Kx beam prior io decoding the BRRS information;
decode a BRRS format indicator within the DCT; identify the BRRS format
indicator as an abrupt beam switching indicator; and configure a beam switching
5 mdicator with receipt of the DUT for channel status indicator reference signal
{CSI-KS) operation.
{6075] In Example 20, the subject matter of Example 19 optionally
includes, wherein the beam switching indicator comprises a 1-hit field within a
DCI format associated with the DCL
1 [6076] In Example 21, the subject matter of Example 20 optionally
mehides, wherein the beam switching indicator is configured by the UE during
an uplink grant DL
{0077} Example 22 15 an apparatus of an cvolved node B (eNB), the
apparatus comprising: a memory; and processing circuitry in communication
15 with the memory and arranged to: encode a downlink control imformation (BCl)
communication comprising a beam refinement reference signal (BRRS) format
indicator; and encode BRRS information for a first user equipment (UE} that
indicates that a transmission (Tx) beam 1s to switch to an updated Tx beam;
wherein the BRRS information comprises timing information associated with
20 switching of the Tx beam to the updated Tx beam as mdicated by the BRRS
mformation.
{6078} In Example 23, the subject matter of Example 22 optionally
mcludes wherem the BRRS format indicator s an abrupt beam switching

mdicator; and wherein the eNB uses the DCI for channel status indicator

3
(v

reference signal (CSI-RS) operation.

{6879) In Example 24, the subject matter of Example 23 optionally
mcludes wherein the tinung information associated with the switching of the Tx
beam to the updated Tx beamn as indicated by the BRRS mformation comprises
an Nth frame offset value.

30 {6088 In Example 23, the subject matter of Example 24 opticnally

mcludes wherein the processing circuitry is configured to mitiate the switching

21
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to the gpdated Tx beam upon receiving the BRRS information when the Nth
frame offset value is 0,
16081} Example 26 15 a method compnsing: decoding beam refinement
reference signal (BRRS) information from an evolved node B (eNB) that

5 mdicates that a transmission (Tx) beam is to switch to an updated Tx beam;
determining, from the BRRS nformation, a timing associated with switching of
the Tx beam to the updated Tx beam as indicated by the BRRS information; and
mitiating switching from a receiver (Rx} beam 1o an updated Rx beam to maich
the updated Tx beam at the timing associated with the switching of the Tx bear

10 to the updated Tx beam.

0082} In Example 27, the subject matter of Example 26 optionally
includes wherein the timing associated with the switching of the Tx beam to the
updated Tx beam as indicated by the BRRS information comprises an Nth frame
offset value.

15 [0(083] In Example 28, the subject matter of Example 27 optionally
mcludes wherein the processors are further configured to mitiate the switching to
the updated Rx beam upon receiving the BRRES information when the Nth frame
offsct value is G.

{0084} In Example 29, the subiect matter of any one or more of

20 Examples 26-28 optionally include wherein the processors are further
configured 1o receive, from the eNB, a downlink control information (BCI)
communication using the Rx beam prior to decoding the BRRS mformation;
decode a BRRS format indicator within the DCT; identify the BRRS format

indicator as an abrupt beam switching indicator; and configure a beam switching

3
(v

mdicator with receipt of the DCI for channel status mdicator reference signal
{CSI-RS) operation.

[0085] In Example 30, the subiect matter of Example 29 optionally
meludes, wherein the beam switching indicator comprises a 1-bit field within a
DI format associated with the DCL

30 {6086] In Example 31, the subject matter of Example 30 opticnally
mcludes, wherein the beam switching indicator is configured by the UE during

an uplink grant DCL
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[6087) Example 32 is an apparatus of a user equipment {UE}, the
apparatus comprsing: a memory; and means for decoding beam refinement
reference signal (BRRS) information from an evolved node B (eNB) that
indicates that a transmission (Tx) beam 1s to switch to an updated Tx beam; and
5 means for mnitiating switching from a receive (Rx} beam to an updated Rx beam

to match the updated Tx beam when switching the Tx beam to the updated Tx
beam.
[3088] In Example 33, the subject matter of Example 32 optionally
mcludes further comprising: means for receiving, from the eNB, a downlink

10 control information (DCI) using the Rx beam, wherein the DCI communication
is received prior to decoding the BRRS mformation.
{0089} In Example 34, the subiect matter of any one or more of
Examples 32-33 optionally include turther comprising means for decoding a
BRRS format indicator within the DCIL

15 [3(399] In Example 35, the subject matter of any one or more of
Examples 32-34 optionally include further comprising: means for configuring a
beam switching mdicator with receipt of the DCI for channel status mdicator
reference signal (CSI-RS) operation.
{0091} Example 36 is a method comprising: transmiiting an indicator by

20 atransmitter, the indicator to inform User Equipment (UE}, that Tx beam will be
switched; receiving the indicator by a Receiver, and preparing to switch to
another Rx beam.
[0692] In Exaraple 37, the subject matter of Example 36 optionally

mecludes or any claim herein wherein a beam refinement referenee signal

b
L

{BRRS) can be unlized as an indication signal to mform UE for simultancous

beam switching,

G833} In Example 38, the subject matter of Example undefined
optionally includes or any claim, wherein the UE will reccive the DCI
corresponding to BRRS configuration based on the current Rx beam, and detect

30 the BRRS format indicator within DCL; and after observing that it 15 a BRRS

format for abrupt beam switching, UE reccives the BRES based on the Rx
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beams around candidate Rx beam, and obtains an optimal Rx beam for the
following data reception.
6694} In Example 39, the subject matter of Example undefined
optionally mmcludes and/or some other claim herem, whergin 1-bit beam
5 switching indicator for syachronous beam switching can be indicated by DC,

where “17 means switching to the candidate Rx beam, and 07 for vice versa.
[3695] In Example 40, the subject matter of Example undefined
optionally includes and/or some other claim herein, wherein the beam switching
wmndicator can be configured during the DCI for CSI-RS configuration.

1 [0096] In Example 41, the subject matter of Example 40 optionally
includes and/or some other claim herein, if the beam switching s activated, UE
will measure the CSI-RS based on the candidate Rx beam, otherwise, the

current Rx beam is adopted.

{3097} In Example 42, the subject matter of Example undefined
i5 optionally includes and/or some other claim herein, wherein beam switching

mndicator can be configured during the downlink configuration DCI or uplink

grant DCL

[0098] In Example 43, the subject matter of Example undefined

optionally includes and/or some other claim herein, 1f the active beam switching
20 ndicator is configured at the Nith subframe, UE will switch to the candidate Rx

beam starting from the (N+Noffset)th subframe.

16699} In Example 44, the subject matter of Example 43 optionally

ncludes and/or some other claim herein, for Noffset = 0, UE performs Rx beam

switching at the current subframe after receiving the control symbols,

3
(v

[[UUEEH] In Example 45, the subject matter of Example undefined
optionally includes and/or some other claim herein wherein the beam switching
indicator can be configured by other DCL

08101} In Example 46, the subject matter of Example undefined
optionally includes and/or some other claim herein, wherein the subframe offset
30 Noffset for Rx beam switching can be configured by the DL, or higher layer

signaling, such as MIB, 51B or KRC.
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[66102] Example 47 s an apparatus comprising means to perform one or
more elements of a method described i or related to any of method or process
described herein.

[BG163] Example 48 15 the mstractions by one or more processors of the
electronic device, to perforn: one or more elements of a method described 10 or
related to any of the claims described herein, or any other method or process
described herein.

[66104] In Example 49, the subject matter of Example undefined
optionally includes any other method or process described herem.

[66105] Example 30 is a method, technique, or process as descnbed in or
related to any claim above, or portions or parts thereof.

[GO1G6] Example 51 i3 an apparatus COMprising: one of More processors
and one or more computer readable media comprising instructions that, when
executed by the one or more processors, cause the one or more processors (o
perform the method, techniques, or process as described 1n or related to any of
example, ot portions thercof.

166107} Example 32 may mnclude a method of communicating in a

wirgless network as shown and described herein.

[06108] Example 33 may include a system for providing wireless

communication as shown and described herein.

6109} Example 54 may mnclude a device for providing wircless

commumication as shown and described herein,

[066116] FIG. 8 shows an example UE, illustrated as a UE 800, The UE
800 may be an implementation of the UE 102, or anv device described heremn.

The UE 800 can include one or more antennas 308 configured to communicate
with a transmission station, such as a base station {(BS), an eNB, or ancther type

of wireless wide arca network {WWAN) access point. The UE 8006 can be

configured fo communicate using at least one wireless communication standard

including 3GPP LTE, WiMAX High Speed Packet Access (HSPA}, Blactooth,

and WiFi. The UE 800 can communicate using separate antennas for each

wireless communication standard or shared antennas for multiple wireless
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communication standards. The UE 800 can communicate in a WLAN, a wireless
personal arca network (WPAN), and/or a WWAN,
06111} FIG. § also shows a mucrophone 820 and one or more speakers

812 that can be used for audio mnput and output to and from the UE 800, A

v

display screen 804 can be a liquid crystal display (LCD) screen, or another type
of display screen such as an organic light emitting diode (OLED) display. The
display screen 804 can be configured as a touch screen. The touch screen can
use capacitive, resistive, or another type of touch screen technology. An
application processor 814 and a graphics processor 818 can be coupled to an
10 internal memory 816 to provide processing and display capabilities. A non-
volatile memory port 810 can also be used to provide data /O options to a user.
The non-volatile memory port 810 can also be used to expand the memory
capabilitics of the UE 800. A kevboard 806 can be mtegrated with the UE 800
or wirelessly connected to the UE 800 to provide additional user input. A virtual
15 keyboard can also be provided using the touch screen. A camera 822 located on
the front (display screen) side or the rear side of the UE 800 can also be
mtegrated into a housing 802 of the UE 800.
{86112} FI(G. 9 1s a block diagram illustrating an example computer
system machine 900 upon which any one or more of the methodologies herein
20 discussed can be run, and which may be used to tuplement the eNB 104, the UE
102, or any other device described heremn. In various alternative embodiments,
the machine operates as a standalone device or can be connected {(e.g.,
networked) to other machines. In a networked deployment, the machine can

operate in the capacity of either a server or a client machine in server-client

3
L

network environments, or it can act as a peer maching in peer-to-peer {or
distributed) network environments. The machine can be a personal computer
(PC) that may or may not be portable {(¢.g., a notehook or a nethook), atablet, a
set-top box {(5TB}, a gamung console, a Personal Digital Assistant (PDA), a
mobile telephone or smartphone, a web appliance, a network router, a network
30 switch, a network bridge, or any machine capable of executing instructions
{sequential or otherwise) that specify actions to be taken by that machine.

Further, while only a single machine is illustrated, the term “machine” shall also

26
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be taken to include any collection of machines that mndividually or jointly
execute a set {or multiple sets) of instructions to perform any one or more of the
methodologies discussed herein,

{80113} The example computer system machine 900 includes a processor

5 902 {cg.,acentral processing unit ((PU), a graphics processing unit {GPU), or

both), a main memorv 904, and a static memory 906, which communicate with
gach other via an interconnect 908 (e g., a link, a bus, etc.}). The computer
system machine 900 can further mchade a video display unit 910, an
alphanumeric input device 912 (¢.g., a kevboard), and a user interface (UT)

19 navigation device 914 {¢.g., a mouse). In onec embodiment, the video display
gnit 910, alphanamerie wnput device 912, and Ul navigation device 914 arc a
touch screen display. The computer system machine 900 can additionally
include a mass storage device 916 {(¢.g., a drive unit}, a signal generation device
918 {(e.g., a speaker), an output controller 932, a power management controiler

15 934, anctwork interface device 920 {(which can inclade or operably
conmmunicate with one or more antennas 930, transceivers, or other wireless
conmmunications hardware), and one or more sensors 928, such as a GPS sensor,
compass, location sensor, accelerometer, or other sensor,

{06114} The mass storage device 916 includes a machine-readable

20 medium 922 on which 1s stored one or more sets of data structures and
mstructions 924 {e.g., software) embodyving or uttlized by anv one or more of the
methodologies or fimetions described herein. The mstractions 924 can also
reside, completely or at least partially, within the main memory 904, static

memory 906, and/or processor 202 during execution thereof by the computer

3
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system machine 900, with the main memory 804, the static memory 906, and the
processor 902 also constituting machine-readable media.

[60115] While the machine-readable medium 922 is dlustrated in an
example embodiment to be a single medium, the term “machine-readable
mediom” can include a single medium or multiple media {e.g., a centralized or
30 distributed database, and/or associated caches and servers) that store the one or
more nstroctions 924, The term “machimne-readable medium” shall also be taken

to mclude any tangible medivm that 1s capable of storing, encoding, or carrying
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mnstructions for execution by the machine and that cause the machine to perform
any onc or more of the methodologies of the present disclosure, or that is
capable of storing, encodmg, or carrying data structures utilized by or associate
with such instructions.

5 {06116} The instructions 924 can further be transmitted or received over a
communications network 926 using a transmission medium via the network
miterface device 920 utilizing any one of a number of well-known transfer
protocols (e.g., hypertext transfer protocel (HTTP)). The term “transmission
medium” shall be taken to include any medium that is capable of storing,

10 encoding, or carrying mstructions for execution by the machine, and includes
digital or analog communications signals or other intangible media to facilitate
communication of such software.

[66117] Yarious techniques, or certain aspocts or portions thereof, may
take the form of program code (i .¢., instructions) embodied in tangible media,

15 such as floppy diskettes, CD-ROMs, hard drives, non-transitory computer
readable storage media, or any other machine-readable storage medium wherein,
when the program code is loaded into and executed by a machine, such as a
computer, the machine becomes an apparatus for practicing the various
techniques. In the case of program code execution on programmable computers,

20 the computing device may include a processor, a storage medium readable by
the processor (including volatile and non-volatile memory and/or storage
clements), at least one input device, and at least one cutput device. The volatile
and non-volatile memory and/or storage elements may be a Random Access

Memory (RAM), Erasable Programmable Read-Only Memory (EPROM), flash
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drive, optical drive, magnetic hard drive, or other mednim for storing electronic
data. The ¢NB and UE may also inclade a transceiver module, a counter module,
a processing module, and/or a clock module or timer module. One or more
programs that may implement or utilize the various techniques described herein
may usc an application programming mterface (API), reusable controls, and the
30 hike. Such programs may be tmplemented in a high-level procedural or object-
oricnted programming language to communicate with a coraputer systom.

However, the program(s) may be implemented 1n assembly or machine
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language, if desired. In any case, the language may be a compiled or interpreted
language, and combined with hardware implementations.
{66118} Various embodiments may use 3GPP LTE/LTE-A, Instituie of
Electrical and Electronic Engingers (IEEE) 902 .11, and Bluetooth
5 communication standards. Various altemative embodiments may use a variety

of other WWAN, WLAN, and WPAN protocols and standards in connection
with the techniques described herein. These standards include, but are not
biited to, other standards from 3GPP (c.g., HSPA+ UMTS), IEEE 902 16 (e g.,
502 .16p), or Bluetooth {c.g., Bluctooth 8.0, or like standards detined by the

10 Bluetooth Special Interest Group) standards fanmulies. Other applicable network
configurations can be included within the scope of the presently described
communication networks. It will be understood that communications on such
communication networks can be facilitated using any number of personal arca
networks {PANg), local area networks (LANS), and wide area networks

15 (WANSs), osing any combination of wired or wireless transmission mediums.
{00119} Embodiments described herein may be implemented into a
system using any suitably configured hardware and/or software. FIG. 10
tustrates components of a UE 1000 i accordance with some embodiments. At
least some of the components shown may be used in the UE 102 {or eNB 104}

20 shown in FIG. 1. The UE 1000 and other components may be configured to use
the synchronization signals as described herein. The UE 1000 may be one of the
UEs 102 shown in FIG. 1 and may be a stationary, non-mobile device or may be
a mobile device. In some embodiments, the UE 1000 may include application

circuttry 1002, baseband circuitry 1004, Radio Frequency (RF) circuitry 1006,

3
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front-end module (FEM} circuitry 1008, and one or more antennas 1010,
coupled together at feast as shown. At least some of the baseband circaitry
1004, RF circuitry 1006, and FEM circuitry 1008 may form a transceiver. In
some embodiments, other network elements, such as the eNB 104, may contam
some or all of the components shown in FIG. 10, Other of the network elements,
30 such as the MME, may contain an interface, such as the S1 interface, to

communicate with the eNB over a wired connection regarding the UE 1000,
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{001 20] The application circuitry 1002 may include one or more
application processors. For example, the apphication circuttry 1002 may include
circuitry such as, but not limited to, one or more single-core or muiti-core
processors. The processor(s) may include any combimation of general-purpose
processors and dedicated processors {e.g., graphics processors, application
processors, eic.). The processors may be coupled with and/or may include
memory/storage and may be configured to execute instractions stored in the
memory/storage tc enable various applications and/or operating systems €0 ron
on the UE 1000,

06121} The baseband circuitry 1004 may include circuitry such as, but
not limited to, one or more single-core or multi-core processors. The baschand
circuitry 1004 may include one or more baseband processors and/or control logic
to process bascband signals received from a receive signal path of the RF
circuitry 1006 and to generaie baseband signals for a transmit signal path of the
RF circuitry 1006. The bascband circuity 1004 may interface with the
application circuttry 1002 for generation and processing of the baseband signals
and for controlling operations of the R¥ circuitry 1006, For example, in some
embodiments, the baseband circuitry 1004 may include a second generation (2G)
baseband processor 1004a, third generation (3G} baseband processor 1004b,
fourth generation {4G) baschand processor 1004¢, and/or other baseband
processor{s) 1004d for other existing generations, generations in development,

or generations to be developed in the future (e.g.

ot

fifth gencration (5G3), etc.).
The baseband circuitry 1004 (¢.g., onc or more of the baseband processors
1004a~d) may handle various radio control functions that enable commumication
with one or more radio networks via the RF circuitry 1006. The radio control
functions may inchude, but are not himited to, signal modulation/demodulation,
encoding/decoding, radio frequency shifting, ctc. in some emobodiments,
modulation/demodulation circuitry of the baseband circuitry 1004 may include
FFT, precoding, and/or consteliation mapping/demapping functionality. In some
embodiments, encoding/decoding circuitry of the baseband circwitry 1004 may
mclude convolution, tail-biting convolution, turbo, Viterbi, and/or Low Density

Parity Check (LDPC) encoder/decoder functionality. Embodiments of

}
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modulation/demoduiation and encoder/decoder functionality are not limited to
these examples and may include other suitable functionality in other
embodiments.

86122} In some embodiments, the baseband circuitry 1004 may include

v

clements of a protocol stack such as, for example, elements of an evolved
universal terrestrial radio access network (EUTRAN) protocol including, for
gxample, phyvsical (PHY), media access control (MAC), radio link control
{RLC), packet data convergence protocol (PDCPY, and/or radio resource control
{RRC) clements. A central processing unit {CPU)Y 1004¢ of the baseband
10 crcurtry 1004 may be configured to run clements of the protocol stack for
signaling of the PHY, MAC, RLC, PDCP,| and/or RRC layers. In some
embodiments, the baseband circuitry 1004 may include one or more audio digital
signal processor(s) (DSPs) 1004f The audio DSP(s) 1004f may be or mclude
elements tor compression/decompression and echo cancellation and may include
15 other suitable processing elements in other embodiments. Components of the
bascband circuitry 1004 may be suitably combined in a single chip or a single
chipset, or disposed on a same circuit board in some embodiments. In some
embodiments, some or all of the constituent components of the baschand
circuitry 1004 and the application circuitry 1002 may be implemented together,
20 such as, for example, on a system on a chip (SOC).
661231 In some embodiments, the baseband civcuitry 1004 may provide
for communication compatible with one or more radio technologies. For
example, in some embodiments, the baseband circuitry 1004 may support
communicaiion with an EUTRAN and/or other wireless metropolitan area

networks (WMAN), 2 WLAN, or a WPAN. Embodiments i which the
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baseband circuitry 1004 is configured to support radio communications of more
than one wireless protocol may be referred to as multi-mode baschand curcurtry.
In some embodiments, the UE 1000 can be configured to operate in accordance
with communication standards or other protocols or standards, meluding

30 Institute of Electrical and Electronic Engimeers ({EEE) 802,16 wircless
technology (WiMax), IEEE 802.11 wircless technology (WikF1) including IEEE

802.11 ad, which operates in the 60 GHz millimeter wave spectrum, or various

i
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other wireless technologies such as global system for mobile communications
{GSM), enhanced data rates for GSM evolution (EDGE), GSM EDGE radio
access network (GERAN), universal mobile telecommunications system
{UMTS), UMTS terrestrial radio access network (UTRAN), or other 2, 3G,
443, 5G, eic. technologies ¢ither already developed or to be developed.

[00124] The RY circuitry 1006 may cnable conununication with wircless
networks using modulated electromagnetic radiation through a non-sohid
mediom. In various embodiments, the RF ciramtry 1006 may mehude switches,
filters, amplificrs, ete. to facilitate the communication with the wireless network.
The RF circuitry 1006 may include a receive signal path which may include
circuitry to down-convert RF signals received from the FEM circuitry 1008 and
provide baseband signals to the baseband circuitry 1004, The RF circuitry 1006
may also include a transmit signal path which may include circuitry to up-
convert baseband signals provided by the baseband circuitry 1004 and provide
RF output signals to the FEM circuitry 1008 for transmission.

[066125) In some embodiments, the RF circuitry 1006 may include a
recerve signal path and a transmit signal path. The receive signal path of the RF
circuitry 1006 may inchide mixer circuttry 1006a, amplifier circuttry 1006b, and
filter circuitry 1006¢. The transmit signal path of the RF circuitry 1006 may
nclude the filter circuitry 1006¢ and the mixer cucuttry 1006a. The RF circuitry
1006 may also include synthesizer circuitry 10064 for synthesizing a trequency
for use by the mixer circuitry 10063 of the receive signal path and the transmit
signal path. In some embodiments, the mixer cireuiiry 1006a of the receive
signal path may be configured to down-convert RF signals received trom the
FEM circuitry 1008 based on the synthesized frequency provided by the
synthesizer cirenitry 1006d. The amplifier circuitry 1006b may be configured to
amphify the down-converted signals, and the filter circuttry 1006¢ may be a low-
pass filter (L.PY) or band-pass filter (BPF) configured to remove unwanted
signals from the down-converted signals to generate output bascband signals,
Cutput baseband sigrals may be provided to the bascband circuitry 1004 for
further processing. In some embodiments, the output bascband signals may be

zero-frequency baseband signals, although this is not a requirement. In some

2
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embodiments, the mixer circuitry 1006a of the receive signal path may comprise
passive mixers, although the scope of the emboduments 1s not limited i this
respect.

{66126} In some embodiments, the muxer circuitry 10063 of the transmit
signal path may be configured to up-convert input bascband signals based on the
synthesized frequency provided by the synthesizer circuitry 10064 to generate
RF output signals for the FEM circuitry 1008, The baseband signals may be
provided by the baseband circuitry 1004 and may be filtered by the filter
circuttry 1006¢. The filter cirenitry 1006¢ may include a low-pass filier {LPF),
although the scope of the embodiments is not limited 1n this respect.

{66127} In some embodiments, the muixer circuitry 10063 of the receive
signal path and the mixer circuitry 1006a of the transmit signal path may include
two or more mixers and may be amranged for quadrature downconversion and/or
upconversion respectively. In some embodiments, the mixer circuitry 1006a of
the recetve signal path and the mixer circuitry 1006a of the transmut signal path
may include two or more mixers and may be arranged for tmage rejection {(e.g.,
Hartley image rejection). In some embodiments, the mixer civeuitry 1006a of the
recetve signal path and the mixer circuitry 1006a of the transmit signal path may
be arranged for direct downconversion and/or direct upconversion, respectively.
In some embodiments, the mixer circuitry 1006a of the receive signal path and
the mixer circuitry 1006a of the transmit signal path mayv be configured for
super-heterodyne operation.

[066128] In some embodiments, the output bascband signals and the mnput
baseband signals may be analog baseband signals, although the scope of the
embodiments is not imited in this respect. In some aliernate embodiments, the
cutput bascband signals and the input baseband signals may be digital baseband
signals. In these alternate embodiments, the RF circuitry 1006 may include
analog-to-digital converter (ADC) and digital-to-analog converter (BAC)
circuitry and the baseband circintry 1004 may mchide a digital baseband

interface to communicate with the RF circottry 1006,
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[66129] In some dual-mode embodiments, a separate radio I circuitry
may be provided for processing signals for cach spectrum, although the scope of
the embodiments 1s not limited in this respect.

{EERIH] In some embodiments, the synthesizer circuitry 1006d may be a
fractional-N synthesizer or a fractional N/N+1 synthesizer, although the scope of
the embodiments 15 not limited in this respect, as other types of frequency
synthesizers may be suitable. For example, the synthesizer circuitry 1606d may
be a delta-sigma synthesizer, a frequency multiplier, or a synthesizer compnsing
a phase-locked loop with a frequency divider,

{66131} The synthesizer circuitry 1006d may be configured to synthesize
an output frequency for use by the mixer circuitry 1006a of the RF circuitry
1006 based on a frequency input and a divider control input. In some
cmbodiments, the synthesizer circuitry 1006d may be a fractional N/N+1
synthesizer.

{66132} In some embodiments, frequency nput may be provided bv a
viltage controlled oscillator (VCO), although that 1s not a requirement. Divider
control input may be provided by etther the baseband cirenitry 1004 or the
application circuitry 1002 depending on the desired output frequency. In some
embodiments, a divider control input {e.g., N} may be determined from a lock-
up table based on a channel indicated by the application circuitry 1002

{30133} The synthesizer civcuitry 10064 of the RF circuitry 1006 may
include a divider, a delay-locked loop (BLL}, a multiplexer, and a phase
accumulator. In some embodiments, the divider mav be a dual modulus divider
{DMD) and the phase accumulator may be a digital phase accumulator (BPA).
In some embodiments, the DMD may be configured to divide the input signal by
either N or N+1 {c.g., based on a carry out) to provide a fractional division ratic.
In some example embodiments, the DLL may include a set of cascaded, tunable,
delay elements, a phase detector, a charge pump and a D-type tlip-flop. In these
embodiments, the delay elements may be configured to break a VCO period ap
mnto Nd equal packets of phase, where Nd is the number of delay clements in the

delay Iine. In this way, the DLL provides negative feedback to help ensure that

the total delay throogh the delay line 1s one VEO cycle.
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[066134] In some embodiments, the synthesizer circuitry 1006d may be
configured to gencrate a carrier frequency as the output frequency, while in other
embodiments, the output frequency mayv be a multiple of the camer frequency
{c.g., twice the carrier frequency, four times the carrier frequency} and used in

5 conjunction with quadrature generator and divider cireuiiry to generate multiple
signals at the carrier frequency with nnltiple different phases with respect to
gach other. In some embodiments, the cutpat frequency may be a QO frequency
{fuo). In some embodiments, the RF circuitry 1006 may include an 1Q/polar
converter.

10 {00135] The FEM circuitry 1008 may include a receive signal path which
may include circuitry configured to operate on RFE signals received from the one
or more antennas 1010, amphify the received signals, and provide the amplified
versions of the received signals to the RF circuitry 1006 for further processing.
The FEM circuitry 1008 may also include a transmit signal path which may

15 anclade circuitry configured to amphify signals for transmission provided by the
RF circuitry 1006 for transmission by one or more of the one or more antennas
1010.

{66136} In some embodiments, the FEM circuitry 1008 may include a
Tx/Rx switch to swiich batween transmit mode and receive mode operation. The

20 FEM circuitry 1008 may include a receive signal path and a transmit signal path.
The receive signal path of the FEM circuitry 1008 may nclude a low-noise
amplifier (LNA} to amplify received RF signals and provide the amplified
recetved RF signals as an output {c.g., to the RF circuitry 1006). The transmit

signal path of the FEM circwitry 1008 may include a power amplifier (PA) to
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amphify input RF signals {¢.g., provided by the RF circuitry 1006}, and one or
more filters to generate RF gignals for subsequent transmission {e.g., by ong or
more of the one or more antennas 1010}

661371 In some embodiments, the UE 1000 mav include additional
elements such as, for example, a memory/storage, display, camera, sensor,

30 and/or iput/output {I/0) interface as descnibed in more detail below. in some
embodiments, the UE 1000 described herein may be pait of a portable wireless

communication device, such as a personal digital assistant (PDA), a laptop or

5
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portable computer with wircless conmmunication capability, a web tablet, a
wireless telephone, a smartphone, a wireless headset, a pager, an instant
messaging device, a digital camera, an access point, a television, a medical
device (e.g., a heart rate monitor, a blood pressure monitor, etc.), or another
device that may receive and/or transmit information wirelessly. In some
cmbodiments, the UE 1000 may nclude one or more user interfaces designed to
enable user mteraction with the system and/or peripheral component interfaces
designed to enablke peripheral component interaction with the system. For
example, the UE 1000 may include one or more of a keyboard, a keypad, a
touchpad, a display, a sensor, a non-volatile memory port, a universal serial bus
(UUSB) port, an audio jack, a power supply interface, one or more antennas, a
graphics processor, an application processor, a speaker, a microphone, and other
1/0 components. The display may be an LCD or LED screen including a touch
screen. The sensor may include a gyro sensor, an accelerometer, a proxamity
sensor, an ambient light sensor, and a positioning unit. The positioning unit may
communicate with components of a positioning network, ¢.g., a global
positioning system (GPS) satellite.

{80138} The antennas 1010 may comprise one or more directional or
ommnidirectional antennas, including, for example, dipole antennas, monopole
antennas, patch antennas, loop antennas, microstrip antennas, or other types of
antennas suitable for transnussion of RF signals. In some multiple-input
multiple-cutput (MIMQO} crbodiments, the antennas 1010 may be effectively
separated to take advantage of spatial diversity and the different channel
characteristics that may result.

661391 Although the UE 1000 1s tllustrated as having several separate
functional elements, one or more of the functional elements may be combined
and may be implemented bv combinations of sofitware-configured elements,
such as processing elements including digital signal processors (DSPs), and/or
other hardware elements. For example, some elements may comprise one or
more microprocessors, BSPs, field-programmable gate arrays (FPGAs),
application spectfic integrated circuits {ASICs), radio-frequency mtegrated

circuits {RFICs), and combinations of various hardware and logie circuitry for
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performing at least the functions described herein. In some embodiments, the
functional clements may refer to onc Or MoOre Processes operating on one or
more processing elements.
00148} Examples, as described herein, may include, or may operate on,
5 logic or a number of components, modules, or mechanisms. Modules are
tangible entities {¢.g ., hardware) capable of performing specified operations and
may be configured or arranged in a certain manner. In an example, circuits may
be arranged {¢.g., internally or with respect to external entitics such as other
circuits) in a specified manner as a module. In an example, the whole or part of
10 one or more computer svstems (¢.g., a standalone, client, or server computer
system} or one or more hardware processors may be configured by firmware or
software {¢.g., instructions, an application portion, or an apphication) as a
module that operates to perform specified operations. {n an cxample, the
software may reside on a communication device—readable medium. In an
15 example, the software, when execuoted by the underlving hardware of the
module, causes the hardware to perform the specified operations.
{66141} Accordingly, the term “module™ is undersiood to encompass a
tangible entity, be that an entity that 1s physically constracted, specifically
configured (e.g., hardwired), or temporanly {e.g., transitonly} configured {c g,
20 progranuned) to operate i a specified manner or to perform part or all of any
operation described herein. Considering examples in which moduies are
temporarily configured, each of the modules need not be instantiated at any one
moment in time. For example, where the modules comprise a gencral-purpose

hardware processor contigured using software, the general-purpose hardware
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processor may be configured as respective different modules at different times.
Software may accordingly configure a hardware processor, for example, to
constitute a particular module at one instance of time and to constitute a different
module at a different mstance of time.

606142} While the communication device—readable medium 1s llustrated
30 as asingle medium, the term “communication device-rcadable medium” may

mclude a single medium or multiple media {c.g., a centralized or distributed
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database, and/or associated caches and servers) configured to store the one or
more nstruciions.

{66143} The term “communication device—readable medium” may include
any medium that 13 capable of storing, encoding, or carrying instructions for
execution by the communication device and that cause the communication
device to perform any one or more of the technigues of the present disclosure, or
that 1s capable of storing, encoding, or carrving data structures used by or
associated with such instructions. Noun-limiting communication device—readable
medium examples may mchude solid-state memories, and optical and magnetic
media. Specific examples of communication device-readable media may
mnclude: non-volatile memory, such as semiconductor memory devices (e.g.,
EPROM, Electrically Erasable Programmable Read-Only Memory (EEPROM}))
and flash memory devices; magnetic disks, such as internal hard disks and
removable disks; magneto-optical disks; RAM: and CD-ROM and DVD-ROM
disks. In some examples, conmmuanication device-readable media may inchide
non-transitory communication device—readable media. fn some examples,
communication device—readable media may include communication device—
readable media that is not a transitory propagating signal,

{06144} The instractions may further be transmitted or received over a
communications network using a transmission medium via a network interface
device utihzimg any one of a number of transfer protocols {¢.g., frame relay,
internet protocol (IP), transmission control protocol (TCP), user datagram
protocol (UDP), hvpertext transfer protocol (HTTP), etc.). Example
communicafion networks may include a LAN, a WAN, a packet data network
{¢.g., the Internet), mobile telephone networks (e.g., celular networks}, Plain
Old Telephone (POTS) networks, and wircless data networks (¢.g., Institute of
Electrical and Electronics Engincers (IHEE) 802,11 family of standards known
as Wi-Fi®, IEEE 802,16 family of standards known as WiMax®), IEEE
802.15 4 family of standards, a Long Term Evolution (LTE} family of standards,
a Universal Mobile Telecommunications System (UMTS) family of standards,
or peer-to-pecr (P2P) networks, among others. In an example, the network

mterface device may include one or more physical jacks (¢.g., Ethemet, coaxdal,
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or phone jacks} or one or more antennas to connect to the communications
network. In an example, the network interface device may include a plurality of
antennas to wirelessly communicate using single-input multiple-output (SIMO),
MIMO, or multiple-input single-output (MISO) techniques. In some examples,
the network interface device may wirelessly commuucate using Multiple User
MIMO technigues. The term “transmission medivn” shall be taken to inchude
any infangible mediom that is capable of storing, encoding, or carrying
instructions for execution by the communication device, and includes digital or
analog commumications signals or other intangible media to facilitate
communication of such software.

{86145} As discussed above, an eNB may have mudtiple antennas that
may be used in various groupings and with various signal modifications for cach
grouping to produce a plurality of APs. Each AP may be defined for one or
more antennas. Each AP may correspond to a different transmission signal
direction. Using the different APs, the eNB may transmit multiple layers with
codebook-based or non-codebook-based precoding techniques. Each AP may
correspond 1o a beam that transmits AP-specific CSI-RS signals. The UE may
contain a plurality of receive antennas that may be used sclectively to create Rx
beamforming. Rx beamforming mav be used to increase the receive antenna
{beamforming} gain for the direction{s) on which desired signals are received,
and to suppress interference from neighboring cells. Fast Rx beam refinement,
i which the Rx beam direction s dynamically adjusted in response to the
channel conditions measured by the UE, is desirable from a performance
standpoint.

86146} This may be particularly destrable with use of the high-frequency
bands around, for example, 28GHz, 37GHz, 39GHz, and 64-71GHz, used 1n
conjunction with carrier aggregation, which may permit networks to continue to
service the never-ending hunger for data delivery. The increased beamforming
gain in this frequency range may permit the UE and eNB to compensate for the
mncreasingly hikely event of severe pathloss and suppress mutual user

mterference, leading to an increase in svstem capacity and coverage.
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[66147] To maximize the beamforming gain, as indicated above, the UE
may scarch for an optimum Tx/Kx beam pair using the BRS. However, the BRS
15 a broadcast signal that 1s transmitted penodically on all Tx beams m a fixed
manner. This means that to detect the BRS, the UE may have to wait unti] the
5 next BRS subframe for Rx beam refinement if the UE has just missed the BRS,

This, however, may not be fast enough in some circumstances. In addition to or
instead of using the BRS, the CSI-RS or Sounding RS (SRS} also can be utilized
for Rx beam refinement. In this case, however, the Tx beams on the RS used are
fimited to the most recent reported BRS measurement. Thus, a BRES may be

10 produced for transmission on the same Tx beam as data to be transmitted to the
UE.
{06148} In some embodiments, to achieve faster Rx beam refinement and
update the Bx beam, a BRRS may be transmitted on the same Tx beam as data to
be transmitied to the UE. The BRRS, along with the temporal proxamity relative

15 to the data OFDM symbols (e.g., within 6, 13, or 25 msg), establishes an
association between the BRRES and the data on the same Tx beam. Multiple
BRRS symbols may be transmitted using the same Tx beam. Such Rx-beam
refinement may enable the UE and eNB to usc the selected beam to
communicate more effectively. However, not all UEs may use BRRS symbols.

20 This may result in the BRRS symbols of one set of UEs and the data symbols of
another set of UEs cansing nutual interference with cach other. To avoid the
mterference, BRRS symbol mapping and a specific BRRS format may be used.
[066149] Embodiments may be implemented in one or a combination of

hardware, firmware, and software. Embodiments may also be implemented as
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structions stored on a computer-readable storage device, which may be read
and executed by at least one processor to perform the operations descnibed
herein. A computer-readable storage device may include any non-transitory
mechanism for storing information in a form readable by a machine {¢.g., a
computer). For example, a computer-readable storage device may include read-
30 only memory (ROM), RAM, magnetic disk storage media, optical storage

media, flash-memory devices, and other storage devices and media. Some
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embodiments may mchude one or more processors and may be configured with
mstructions stored on a computer-readable storage device.
66134} Although an embodiment has been descnibed with reference 1o
specific example embodiments, it will be evident that varicus modifications and
5 changes may be made to these embodiments without departing from the broader
scope of the present disclosure. Accordingly, the specification and drawings are
to be regarded in an illustrative rather than a restrictive sense. The
accompanying drawings that form a part hereof show. by way of illustration, and
not of himitation, specific embodiments m which the subject matter may be
10 practiced. The embodiments tlustrated are described in sufficient detail to
enable those skilled in the art to practice the teachings disclosed herein. (ther
embodiments may be utilized and derived therefrom, such that structural and
logical substitutions and changes may be made without departing from the scope
of this disclosure. This Detailed Description, therefore, is not to be taken in a
15 himiting sense, and the scope of various embodiments 1s defined only by the
appended claims, along with the full range of equivalents to which such claims
are entitled.
{86151} Such embodiments of the subject matier may be referred to
herein, individually and/or collectively, by the term “embodiments” merely for
20 convenicnce and without intending to voluntarily limit the scope of this
application to any single inventive concept if more than one 1s m fact disclosed.
Thus, although specific embodiments have been illustrated and described herein,
1t should be appreciated that anv arrangement calculated to achicve the same

purpose may be substituted for the specific embodiments shown. This disclosure

3
L

15 intended to cover any and all adaptations or vanations of various
embodiments. Combinations of the above embodiments, and other embodiments
not specifically described herein, will be apparent to those of skill in the art upon
reviewing the above description.

0061521 In this document, the terms “a” or “an” are used, as is common in
30 patent documents, to include one or more than one, independent of any other
mstances or usages of “at least one”™ or “one or more.” In this document, the

term “or’ 18 used o refer to a nonexclusive or, such that “A or B” includes A
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but not B.” “B but not A.” and “A and B, unless otherwise indicated. In this
document, the terras “including” and “in which” arc used as the plam-English
equivalents of the respective terms “comprising” and “wherein.” Also, in the
following claims, the terms “inclading” and “comprising” are open-ended; that

5 18, asystem, UE, article, composition, formulation, or process that includes
clements in addition to those listed afier such a term in a claim are still deemed
to fall within the scope of that claim. Moreover, in the following claims, the
terms “first” “second,” and “third,” etc. are used merely as labels, and are not
mtended to impose numerical requirements on their objects.

10 {00183] The Abstract of the Disclosure 1s provided to comply with 37
CFR. §1.72(b), requiring an abstract that will allow the reader to qunckly
ascertain the nature of the technical disclosure. It is submitted with the
understanding that it will not be used to interpret or limit the scope or meaning
of the claims. In addition, in the foregoing Detailed Description, it can be seen

15 that various features are grouped together in a single embodiment for the
purpose of streamlining the disclosure. This method of disclosure 1s not to be
mterpreted as reflecting an mntention that the claimed embodiments require more
features than are expressly recited in each claim. Rather, as the following claims
reflect. mventive subject matter lies in less than ali features of a single disclosed

20 embodiment. Thus the following claims are hereby incorporated into the
Detailed Description, with each claim standing on its own as a separate

embodiment.
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CLAIMS
What is claimed 1s:

1. An apparatus of a user equipment (UE), the apparatus
5 comprising:

a memory; and

processing circuitry in communication with the memory and arranged to:
decode beam refinement reference signal (BRRS) mformation

from an evolved node B (eNB) that indicates that a transmission (Tx}

0 beam is to switch to an updated Tx beam; and

titiate switching from a receive (Rx) beam to an updated Rx

beam to match the updated Tx beam when switching the Tx beam to the

updated Tx beam.

15 2 The apparatus of claim | wherein the processing circuitry is
further configured to:
receive, from the eNB, a downhink control information (D) using the
Rx beam, wherein the DCI communication 1s received prior to decoding the

BRRS mformation.

20
3. The apparatus of claim 2 wherein the processing circuitry is
further configured to decode a BRRS format indicator within the DCL
4, The apparatos of claim 3 wherein the processing circuitry
25 1s further configured to:
identify the BRRS format indicator as an abrupt beam switching
mdicator; and
determing the updated Rx beam.
30 5. The apparatus of claims 1~ 4 wheren the processing circuitry is

further configured to select the updated Rx beam from a set of candidate Rx

beams.
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6. The apparatus of claim 5 wherein the updated Bx beam is
selected from the set of candidate Rx beams following receipt of the BRRS

information.

7. The apparatus of claim 5 wherein the BRRS information is

recetved using the updated R beam.

3. The apparatus of claims 2 or 7 wherein the processing circuitry s
10 further arranged to:
configure a beam switching mdicator with receipt of the DCI for

channel status indicator reference signal (CS1-RS) operation.

9, The apparatus of claim 8 wherein the processing circuitry is
15 further arranged to:
following identification of the BRKS format indicator as an
abrupt beam switching mdicator, performing a C5I-RS measurement on the

updated Rx beam.
20 10 The apparatus of claim 9 wherein the processing circuitry is
further arranged to receive a data transmission associated with the updated Tx

beam using the updated Rx beam in response o the CSI-RS measurement.

i1 The apparatus of claim 9 wherein the processing circuitry is

3
L

further arranged to:

cancel switching from the Rx beam to the updated Rx beam in
response 1o the CSE-RS measurement; and

receive a transrmoission associated with the updated Tx beam using

the Rx beam in response to the CSI-RS measurement.

12. The apparatus of claims 4 or 8, wherein the beam switching

mdicator comprises a 1-bit field within a DCI format associated with the DCL
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13. The apparatus of claim 12, wherein the abrupt beam switching

mdicator 18 configured by the UE in response to a downlink configuration DCL

14, The apparatus of claim 12 wherein the abrupt beam switching

mdicator 1s configured by a second DCI separate from the DCL

15. The apparatus of claim 10 further comprising:

ong or more anfennas coupled to the processing circuitry; and

a touchscreen display;

wherein the BRRS information is received via the one or more
antennas; and
wherein the data transmission is mitiated in response to an input

received at the touchscreen display.

16. A computer-readable storage medium that stores instructions for
execution by one or more processors of a user equipment { UE), the one or more
processors to configure the UE to:

decode beam refinement reference signal (BRRS) information from an
evalved node B (eNB) that indicates that a transnussion {Tx} bean is to switch
to an updated Tx beam;

determing, from the BRRS information, a timing associated with
swiiching of the Tx beam to the updated Tx beam as indicated by the BRRS
mformation; and

initiate switching from a receiver (Rx) beam to an updated Rx beam to
match the apdated Tx beam at the timing associated with the switching of the Tx

beam to the updated Tx beam.

17. The computer-readable storage medium of claim 16 wherein the
timing associated with the switching of the Tx beam to the updated Tx beam as

mdicated by the BRRS information comprises an Nth frame offset value.
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13. The computer-readable storage medium of claim 17 wherein the
processors are further contigured to inttiate the switching to the updated Rx
beam upon receiving the BRRS mformation when the Nth frame offset value 1s

0.

v

19, The computer-readable storage medium of claim 16 wherein the
processors are further configored to:

receive, from the eNB, a downlink control mformation (DCI)
communication using the Kx beam prior to decoding the BRRS information;

10 decode a BRRS format indicator withan the DY,

identify the BRRS format indicator as an abrupt beam switching

mdicator; and
contigure a beam switching ndicator with receipt of the DCI for

channel status indicator reference signal (CSI-RS) operation.

i5
20. The computer-readable storage medium of claim 19, wherein the
beam switching mdicator comprises a 1-bit ficld within a DCI format associate
with the DCL
20 21, The computer-readable storage medium of claim 20, wherein the
beam switching indicator is configured by the UE durning an uplink grant DCIL
22. An apparatus of an evolved node B (¢NB), the apparatus
comprising:
25 a memory; and
processing circuitry in communication with the memory and arranged to:
encode a downlink control information {(DCH) communication
comprising a beam refinement reference signal (BRRS) format mdicator;
and
30 encode BRRS information for a first user equipment (UE) that

ndicates that a transmission (1) beam is to swiich to an updated Tx

beam;
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wherein the BRRS information comprises timing information
associated with switching of the Tx beam to the updated Tx beam as

mdicated by the BRRS mformation.

5 23 The apparatus of claim 22 wherein the BRRS format indicator is
an abrupt beam switching indicator; and
wherein the eNB uses the DCI for channel status indicator

reference signal (CSI-RS) operation.

10 24 The apparatus of claim 23 wherein the timing information
associated with the switching of the Tx beam to the updated Tx beam as

indicated by the BRRS mformation comprises an Nth frame offset value.

25, The apparatus of claim 24 wherein the processing circutiry 1s
15 configured to initiate the switching to the updated Tx beam upon receiving the

BRRS information when the Nth frame offset value 1s 0.
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