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Description

CROSS REFERENCES

[0001] The present Application for Patent claims prior-
ity to U.S. Patent Application No. 15/197,523 by Islam et
al., entitled "Beamforming and User Equipment Group-
ing," filed June 29, 2016; and U.S. Provisional Patent
Application No. 62/258,937 by Islam et al., entitled
"Beamforming and User Equipment Grouping," filed No-
vember 23, 2015, each of which is assigned to the as-
signee hereof.

BACKGROUND

FIELD OF THE DISCLOSURE

[0002] The present disclosure, for example, relates to
wireless communication systems, and more particularly
to beamforming and user equipment grouping.

DESCRIPTION OF RELATED ART

[0003] Wireless communication systems are widely
deployed to provide various types of communication con-
tent such as voice, video, packet data, messaging, broad-
cast, and so on. These systems may be multiple-access
systems capable of supporting communication with mul-
tiple users by sharing the available system resources
(e.g., time, frequency, and power). Examples of such
multiple-access systems include code-division multiple
access (CDMA) systems, time-division multiple access
(TDMA) systems, frequency-division multiple access
(FDMA) systems, and orthogonal frequency-division
multiple access (OFDMA) systems.
[0004] By way of example, a wireless multiple-access
communication system may include a number of base
stations, each simultaneously supporting communica-
tion for multiple communication devices, otherwise
known as user equipments (UEs). A base station may
communicate with UEs on downlink channels (e.g., for
transmissions from a base station to a UE) and uplink
channels (e.g., for transmissions from a UE to a base
station).
[0005] Some wireless communication systems may
employ beamforming or spatial filtering techniques
where signals are transmitted in a directional manner.
Beamforming may be achieved by the selection of par-
ticular antenna elements for a transmission to achieve
constructive interference in the direction of transmission.
The width of the beamformed signals determine the
amount of gain, at the expense of selectivity. That is, a
wider beamform width reduces gain, but captures more
receivers (e.g., has a wider geographical coverage area).
Alternatively, a more narrow beamform signal increases
gain, but reduces the amount of captured receivers (e.g.,
has a smaller geographical coverage area).
[0006] Patent application US 2005/0261028 A1 relates

to a smart antenna for generating nested beams. The
antenna is configured to generate a cover beam and a
center beam. The cover beam has a wide coverage area
and the center beam, which is nested within the cover
beam, has a narrow coverage area. Both the cover beam
and the center beam may be independently steerable or
steered jointly as if coupled together.
[0007] Patent application WO 2015/109153 A1 relates
to systems, methods, and instrumentalities for a wireless
transmit/receive unit comprising a processor configured
to receive a set of gap patterns, and measurement ac-
tivities associated therewith, wherein each of the gap pat-
terns includes an identifier for the measurement activity
to be performed, and measure a signal pursuant to at
least one of the gap patterns to obtain a measurement.
[0008] Patent application US 2013/0057432 A1 relates
to beamforming methods for transmitting or receiving a
signal in a communication system. The method for trans-
mitting includes determining a first beamforming weight
associated with a total number of antennas in an antenna
array. The method also includes transmitting a first signal
in a first beam having a first beam width using the total
number of antennas by applying the first predetermined
beamforming weight. The method further includes deter-
mining a second beamforming weight associated with a
first sub-array of antennas in the antenna array and de-
termining a third beamforming weight associated with a
second sub-array of antennas in the antenna array.

SUMMARY

[0009] Aspects of the present invention are set out in
the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] A further understanding of the nature and ad-
vantages of the present disclosure may be realized by
reference to the following drawings. In the appended fig-
ures, similar components or features may have the same
reference label. Further, various components of the same
type may be distinguished by following the reference la-
bel by a dash and a second label that distinguishes
among the similar components. If only the first reference
label is used in the specification, the description is appli-
cable to any one of the similar components having the
same first reference label irrespective of the second ref-
erence label.

FIG. 1 shows a block diagram of a wireless commu-
nication system, in accordance with various aspects
of the present disclosure;

FIGs. 2A through 2C show block diagrams of a wire-
less communication system that support beamform-
ing and user equipment group selection, in accord-
ance with various aspects of the present disclosure;
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FIG. 3 shows an example of aspects of wireless com-
munications that support beamforming and user
equipment group selection, in accordance with var-
ious aspects of the present disclosure;

FIG. 4 shows a block diagram of an apparatus for
use in wireless communication, in accordance with
various aspects of the present disclosure;

FIG. 5 shows a block diagram of an apparatus for
use in wireless communication, in accordance with
various aspects of the present disclosure;

FIG. 6 shows a block diagram of a base station (e.g.,
a base station forming part or all of an evolved NodeB
(eNB) for use in wireless communication, in accord-
ance with various aspects of the present disclosure;
and

FIGs. 7 and 8 illustrate methods for wireless com-
munication, in accordance with various aspects of
the present disclosure.

DETAILED DESCRIPTION

[0011] Conventional beamforming techniques may in-
clude a transmitter transmitting directional signals in dif-
ferent directions, e.g., periodic directional synchroniza-
tion signals, directional tracking signals during data trans-
mission, etc. The width of the beamformed signal deter-
mines the amount of gain (or usable signal strength at
the receiver) which determines the modulation and cod-
ing scheme (MCS) used for the transmission. Certain
transmissions, however, may not benefit from an in-
creased MCS rate, e.g., small data transmissions.
[0012] The described features generally relate to im-
proved techniques for beamformed transmissions and
user equipment (UE) set selection. Aspects of the dis-
closure are initially described in the context of a wireless
communication system. Broadly, a base station is con-
figured to use directional transmissions having different
beamform widths to sets of UEs and to individual UEs.
For example, the base station may select UEs within its
coverage area to be in a set based on the UEs’ channel
metrics, data needs, etc. The base station may transmit
control messages to the set of UEs in a directional trans-
mission having a beamform width. The beamform width
may be wide enough to provide reception and decoda-
bility of the control messages (e.g., scheduling assign-
ment information, acknowledgement procedures infor-
mation, etc.). The base station may then exchange data
messages (e.g., uplink (UL) data received from the UE
and/or downlink (DL) data transmitted to the UE) with
individual UEs using directional transmissions. The
beamform width of the directional transmission used for
data messages may be different from the beamform
width used for control messages. For example, the data
message beamform width may be more narrow than the

control message beamform width to provide higher MCS
rates to the individual UEs.
[0013] The following description provides examples,
and is not limiting of the scope, applicability, or examples
set forth in the claims. Changes may be made in the
function and arrangement of elements discussed without
departing from the scope of the disclosure. Various ex-
amples may omit, substitute, or add various procedures
or components as appropriate. For instance, the methods
described may be performed in an order different from
that described, and various steps may be added, omitted,
or combined. In addition, features described with respect
to some examples may be combined in other examples.
[0014] FIG. 1 illustrates an example of a wireless com-
munications system 100 in accordance with various as-
pects of the disclosure. The wireless communications
system 100 includes base stations 105, UEs 115, and a
core network 130. The core network 130 may provide
user authentication, access authorization, tracking, In-
ternet Protocol (IP) connectivity, and other access, rout-
ing, or mobility functions. The base stations 105 interface
with the core network 130 through backhaul links 132
(e.g., S1, etc.) and may perform radio configuration and
scheduling for communication with the UEs 115, or may
operate under the control of a base station controller (not
shown). In various examples, the base stations 105 may
communicate, either directly or indirectly (e.g., through
core network 130), with each other over backhaul links
134 (e.g., X1, etc.), which may be wired or wireless com-
munication links.
[0015] The base stations 105 may wirelessly commu-
nicate with the UEs 115 via one or more base station
antennas. Each of the base station 105 sites may provide
communication coverage for a respective geographic
coverage area 110. In some examples, base stations 105
may be referred to as a base transceiver station, a radio
base station, an access point, a radio transceiver, a
NodeB, eNodeB (eNB), Home NodeB, a Home eNodeB,
or some other suitable terminology. The geographic cov-
erage area 110 for a base station 105 may be divided
into sectors making up only a portion of the coverage
area (not shown). The wireless communications system
100 may include base stations 105 of different types (e.g.,
macro and/or small cell base stations). There may be
overlapping geographic coverage areas 110 for different
technologies.
[0016] In some examples, the wireless communica-
tions system 100 is an LTE/LTE-A network. In LTE/LTE-
A networks, the term evolved Node B (eNB) may be gen-
erally used to describe the base stations 105, while the
term UE may be generally used to describe the UEs 115.
The wireless communications system 100 may be a Het-
erogeneous LTE/LTE-A network in which different types
of eNBs provide coverage for various geographical re-
gions. For example, each eNB or base station 105 may
provide communication coverage for a macro cell, a small
cell, and/or other types of cell. The term "cell" is a 3GPP
term that may be used to describe a base station, a carrier
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or component carrier associated with a base station, or
a coverage area (e.g., sector, etc.) of a carrier or base
station, depending on context.
[0017] A macro cell may cover a relatively large geo-
graphic area (e.g., several kilometers in radius) and may
allow unrestricted access by UEs with service subscrip-
tions with the network provider. A small cell is a lower-
powered base station, as compared with a macro cell,
that may operate in the same or different (e.g., licensed,
unlicensed, etc.) frequency bands as macro cells. Small
cells may include pico cells, femto cells, and micro cells
according to various examples. A pico cell may cover a
relatively smaller geographic area and may allow unre-
stricted access by UEs with service subscriptions with
the network provider. A femto cell may cover a relatively
small geographic area (e.g., a home) and may provide
restricted access by UEs having an association with the
femto cell (e.g., UEs in a closed subscriber group (CSG),
UEs for users in the home, and the like). An eNB for a
macro cell may be referred to as a macro eNB. An eNB
for a small cell may be referred to as a small cell eNB, a
pico eNB, a femto eNB or a home eNB. An eNB may
support one or multiple (e.g., two, three, four, and the
like) cells (e.g., component carriers).
[0018] The wireless communications system 100 may
support synchronous or asynchronous operation. For
synchronous operation, the base stations may have sim-
ilar frame timing, and transmissions from different base
stations may be approximately aligned in time. For asyn-
chronous operation, the base stations may have different
frame timing, and transmissions from different base sta-
tions may not be aligned in time. The techniques de-
scribed herein may be used for either synchronous or
asynchronous operations.
[0019] The communication networks that may accom-
modate some of the various disclosed examples may be
packet-based networks that operate according to a lay-
ered protocol stack. In the user plane, communications
at the bearer or Packet Data Convergence Protocol (PD-
CP) layer may be IP-based. A Radio Link Control (RLC)
layer may perform packet segmentation and reassembly
to communicate over logical channels. A Medium Access
Control (MAC) layer may perform priority handling and
multiplexing of logical channels into transport channels.
The MAC layer may also use Hybrid ARQ (HARQ) to
provide retransmission at the MAC layer to improve link
efficiency. In the control plane, the Radio Resource Con-
trol (RRC) protocol layer may provide establishment,
configuration, and maintenance of an RRC connection
between a UE 115 and the base stations 105 or core
network 130 supporting radio bearers for the user plane
data. At the Physical (PHY) layer, the transport channels
may be mapped to Physical channels.
[0020] The UEs 115 are dispersed throughout the wire-
less communications system 100, and each UE 115 may
be stationary or mobile. A UE 115 may include or be
referred to by those skilled in the art as a mobile station,
a subscriber station, a mobile unit, a subscriber unit, a

wireless unit, a remote unit, a mobile device, a wireless
device, a wireless communications device, a remote de-
vice, a mobile subscriber station, an access terminal, a
mobile terminal, a wireless terminal, a remote terminal,
a handset, a user agent, a mobile client, a client, or some
other suitable terminology. A UE 115 may be a cellular
phone, a personal digital assistant (PDA), a wireless mo-
dem, a wireless communication device, a handheld de-
vice, a tablet computer, a laptop computer, a cordless
phone, a wireless local loop (WLL) station, or the like. A
UE may be able to communicate with various types of
base stations and network equipment including macro
eNBs, small cell eNBs, relay base stations, and the like.
[0021] The communication links 125 shown in wireless
communications system 100 may include uplink (UL)
transmissions from a UE 115 to a base station 105, and/or
downlink (DL) transmissions, from a base station 105 to
a UE 115. The downlink transmissions may also be called
forward link transmissions while the uplink transmissions
may also be called reverse link transmissions. Each com-
munication link 125 may include one or more carriers,
where each carrier may be a signal made up of multiple
sub-carriers (e.g., waveform signals of different frequen-
cies) modulated according to the various radio technol-
ogies described above. Each modulated signal may be
sent on a different sub-carrier and may carry control in-
formation (e.g., reference signals, control channels, etc.),
overhead information, user data, etc. The communica-
tion links 125 may transmit bidirectional communications
using FDD (e.g., using paired spectrum resources) or
TDD operation (e.g., using unpaired spectrum resourc-
es). Frame structures for FDD (e.g., frame structure type
1) and TDD (e.g., frame structure type 2) may be defined.
[0022] In some embodiments of the wireless commu-
nications system 100, base stations 105 and/or UEs 115
may include multiple antennas for employing antenna
diversity schemes to improve communication quality and
reliability between base stations 105 and UEs 115. Ad-
ditionally or alternatively, base stations 105 and/or UEs
115 may employ multiple-input, multiple-output (MIMO)
techniques that may take advantage of multi-path envi-
ronments to transmit multiple spatial layers carrying the
same or different coded data.
[0023] Wireless communications system 100 may sup-
port operation on multiple cells or carriers, a feature which
may be referred to as carrier aggregation (CA) or multi-
carrier operation. A carrier may also be referred to as a
component carrier (CC), a layer, a channel, etc. The
terms "carrier," "component carrier," "cell," and "channel"
may be used interchangeably herein. A UE 115 may be
configured with multiple downlink CCs and one or more
uplink CCs for carrier aggregation. Carrier aggregation
may be used with both FDD and TDD component carri-
ers.
[0024] Wireless communications system 100 may sup-
port directional transmissions. For example, base sta-
tions 105 and/or UEs 115 may be configured with more
than one antenna (e.g., an antenna array), where selec-
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tion of particular antennas, antenna gain, etc., operate
to transmit signals in a directional or beamformed man-
ner. The beamform width and/or the direction of the di-
rectional transmission may be controlled by the base sta-
tion 105 and/or UE 115. In some aspects, a base station
105 may determine the location of UEs within its geo-
graphic coverage area 110 based on feedback informa-
tion received from the UEs 115, e.g., based on an angle
of arrival parameter associated with transmissions re-
ceived from the UEs 115.
[0025] Wireless communications system 100 may sup-
port beam widening and UE 115 grouping during DL con-
trol transmissions. For example, a base station 105 iden-
tify sets of UEs 115 within its geographic coverage area
110. The UEs 115 may be identified for a set based on
the UEs’ 115 location, channel conditions, data demand,
etc. The base station 105 may transmit user-specific con-
trol message(s) to the set of UEs 115 in a directional
transmission having a beamform width. The user-specific
control message beamform width may be selected to en-
sure reception of the user-specific control message by
each UE 115 in the set of UEs 115. In some cases, the
user-specific control message may include control data
that is specific to a particular UE 115. In some cases, the
user-specific control message may be communicated via
a Physical Downlink Control Channel (PDCCH). The
base station 105 may then exchange data messages with
each UE 115 in the set of UEs 115 using directional trans-
missions having a beamform width. For example, the
base station 105 may exchange data messages with a
first UE 115 using a first beamform width, exchange data
messages with a second UE 115 using a second beam-
form width, and so forth. The data message beamform
widths may be the same or different from each other.
Further, the data message beamform widths may be dif-
ferent from the control message beamform width, e.g.,
more narrow. In some aspects, the control message
beamform width is wider than the data message beam-
form widths.
[0026] Referring now to FIGs. 2A-2C, diagrams of a
wireless communication system 200 are shown. The
wireless communication system 200 implement aspects
of the wireless communications system 100 of FIG. 1.
Wireless communication system may include a base sta-
tion 105-a, UE 115-b, UE 115-c, and UE 115-d. The UEs
115-a through UE 115-d may be examples of the UE 115
described with reference to FIG. 1. The base station 105-
a may be an example of the base station 105 described
with reference to FIG. 1. The wireless communication
system 200 may illustrate aspects of base station 105-a
grouping UEs 115 into sets and using directional trans-
missions for communications.
[0027] Base station 105-a may group UEs 115 into sets
according to a variety of metrics. For example, base sta-
tion 105-a may group UE 115-a and UE 115-b into a first
set and group UE 115-c and UE 115-d into a second set.
Base station 105-a may select UEs 115 for a set based
on various factors. In some aspects, base station 105-a

may select UEs 115 for a set dependent upon a channel
metric associated with each UE 115 that is located in its
coverage area. The channel metric may include an angle
of arrival parameter associated with transmissions from
each UE 115. For example, each UE 115 may be located
in a different area of the coverage area and therefore
transmissions from the UE 115 will arrive at base station
105-a from different angles. Base station 105-a may re-
ceive the transmissions and determine the angle of ar-
rival based on receive signal strength for each antenna
element, as one example. In some aspects, the channel
metric may comprise an angle of departure parameter
associated with transmissions to each of the plurality of
UEs.
[0028] In some aspects, the channel metric may in-
clude a signal-to-noise ratio (SNR) associated with each
UE 115. For example, the base station 105-a may deter-
mine the SNR for UEs 115 during transmissions and iden-
tify UEs 115 that are located in a similar area and are
experiencing similar channel conditions. The base sta-
tion 105-a may therefore use a similar MCS for directional
transmissions to the set of UEs 115. In some aspects,
the base station 105-a may group UEs 115 into a set
based on the data demand for each UE. For example,
the base station 105-a may identify UEs 115 that have
data schedule for reception (e.g., DL data) and/or trans-
mission (e.g., UL data) and group such UEs 115 into a set.
[0029] In some aspects, the channel metric may in-
clude one or more received signal strength indicators
(RSSIs). An RSSI may refer to a measurement of the
power present in a received radio signal. A carrier RSSI
may measure the average total received power observed
in OFDM symbols containing reference symbols for an
antenna port in the measurement bandwidth over N re-
source blocks. In some aspects , the channel metric may
include a reference signal received power (RSRP). The
RSRP may refer to the average power of resource ele-
ments that carry cell specific reference signals over the
entire bandwidth. In some aspects, the channel metric
may include a reference signal received quality (RSPQ).
The RSPQ may indicate the quality of the received ref-
erence signal and may provide additional information
when RSRP is not sufficient to make a reliable handover
or cell re-selection decision.
[0030] In some aspects, the base station 105-a may
receive feedback information from UEs 115 and group
the UEs 115 into a set of UEs 115 based on the feedback
information. The feedback information may include di-
rectional information for the particular UE 115. Directional
information may include a physical location of the UE
115, a location of the UE 115 with respect to base station
105-a (e.g., a transmission angle from the UE 115 to
base station 105-a), a cell identification information for
the UE 115, a measurement of the SNR of the link be-
tween the base station 105-a and the UE 115, etc. The
base station 105-a may receive the feedback information
on a directional random access channel. The feedback
information may be received in a channel quality indicator
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(CQI) feedback message.
[0031] In some aspects, the base station 105-a may
receive the feedback information responsive to transmis-
sions from the base station 105-a. For example, the base
station 105-a may transmit a directional signal to the UEs
115. The UEs 115 may transmit the feedback information
to the base station 105-a in response to the transmitted
directional signals. An example of a directional signal
may include a directional primary synchronization signal
(PSS). The directional PSS may be transmitted by the
base station 105-a in different time slots. The base station
105-a may select UEs 115 for a set of UEs 115 based
on the received feedback information.
[0032] In accordance with the claimed invention, the
base station 105-a transmits a directional tracking mes-
sage to the UEs 115 within its coverage area. The direc-
tional tracking message includes a request for the UEs
115 to transmit feedback information to the base station
105-a. The UEs 115 receiving the directional tracking
message respond by transmitting the feedback informa-
tion to the base station 105-a. Base station 105-a selects
UEs 115 for the set of UEs 115 based on the received
feedback information. According to the claimed inven-
tion, the base station 105-a determines a location infor-
mation for the UEs 115 based on the received feedback
information. For example, the base station 105-a may
know which direction the directional tracking message
has been transmitted, know the beamform width of the
directional tracking message, and determine that UEs
115 responding with feedback information are located
within the coverage area of the beamform width.
[0033] Thus, base station 105-a may select sets of UEs
115 from the UEs 115 within its coverage area based on
the UEs’ 115 channel metric, data demand, feedback
information, location, etc., alone or in any combination.
In the example wireless communication system 200, the
base station 105-a has selected UEs 115-a and 115-b
as a set of UEs 115 and selected UEs 115-c and 115-d
as a second set of UEs 115. The base station 105-a may
transmit control information to a set of UEs 115 and then
perform data communications with particular UEs 115
within the set.
[0034] Turning to FIG. 2A, the base station 105-a
transmits a control message to the set of UEs 115 con-
sisting of UE 115-a and UE 115-b. The control message
is transmitted in a directional transmission (e.g., a beam-
formed transmission) that has a beamform width. The
beamform width is selected to provide reception and de-
codability of the control message by UEs 115-a and 115-
b. The control message may convey scheduling assign-
ment information (e.g., UL, DL, or both), acknowledge-
ment/negative-acknowledgement (ACK/NACK) informa-
tion, and the like. The control message may be transmit-
ted in a time slot. The information included in the control
messages may be smaller than a conventional data mes-
sage transmission and, therefore, the control message
may be transmitted in a directional transmission having
a wider bandwidth, e.g., a lower MCS may be suitable to

carry the smaller payload of the control messages.
[0035] Turning to FIG. 2B, the base station 105-a
transmits a control message to the set of UEs 115 con-
sisting of UE 115-c and UE 115-d. The control message
may be transmitted in a directional transmission (e.g., a
beamformed transmission) that has a beamform width.
The beamform width may be selected to provide recep-
tion and decodability of the control message by UEs 115-
c and 115-d. The control message may convey sched-
uling assignment information (e.g., UL, DL, or both), ac-
knowledgement/negative-acknowledgement
(ACK/NACK) information, and the like. The control mes-
sage may be transmitted in a time slot. The information
included in the control messages may be smaller than a
conventional data message transmission and, therefore,
the control message may be transmitted in a directional
transmission having a wider bandwidth, e.g., a lower
MCS may be suitable to carry the smaller payload of the
control messages.
[0036] Turning to FIG. 2C, the base station 105-a ex-
changes data messages with the UEs 115 in the sets of
UEs 115. For example, the base station 105-a may ex-
change data messages by receiving data messages from
the UEs 115 (e.g., UL data messages), transmitting data
messages to the UEs 115 (e.g., DL data messages), or
both. The data messages are exchanged with the UEs
115 using directional transmissions having a beamform
width. For example, the data message exchange be-
tween UE 115-a and base station 105-a may use a di-
rectional transmission having a first beamform width, the
data message exchange between UE 115-b and base
station 105-a may use a directional transmission having
a second beamform width, and so on. The beamform
widths of the directional transmissions used for data mes-
sage exchanges may be the same for all UEs 115, may
be the same for some of the UEs 115, and/or may be
different for each UE 115. For example, base station 105-
a may exchange data messages with UE 115-a using a
directional transmission having a first beamform width,
exchange data messages with UE 115-b using a direc-
tional transmission having a second beamform width,
where the first and second beamform widths are the
same or different.
[0037] The beamform widths of the directional trans-
missions used for data message exchanges are different
from the beamform width of the directional transmission
used for the control messages. For example, the first
and/or the second beamform widths may be different
from the beamform width used for transmitting the control
messages. In some aspects, the beamform widths for
the data message exchange are more narrow than the
beamform width used for the control message transmis-
sion. As illustrated in FIG. 2C, the beamform width of the
directional transmission used for data message ex-
change between UE 115-a and base station 105-a may
be narrow such that only UE 115-a may receive the data
messages. In contrast and as illustrated in FIG. 2A, the
beamform width of the directional transmission used for
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the control message transmission is wider such that UEs
115-a and 115-b both receive the control message trans-
mission. As also illustrated in FIG. 2C, the beamform
widths of the directional transmissions for the data mes-
sage exchanges with UEs 115-b, 115-c, and 115-d may
be narrow such that the particular UE 115 may receive
its respective data messages.
[0038] The data messages exchanged between base
station 105-a and UEs 115 may occur during the same
time slot and/or in different time slots. For example, base
station 105-a may exchange data messages with UEs
115-a and 115-b in the same time slot (e.g., receive
and/or transmit data messages from the UEs 115 at the
same time). As another example, base station 105-a may
exchange data messages with UEs 115-a and 115-b in
different time slots. Base station 105-a exchanges data
messages with the respective UEs 115 according to the
information included in the transmitted control messag-
es.
[0039] Referring now to FIG. 3, an example timing di-
agram 300 for wireless communications is shown. The
timing diagram 300 may be implemented according to
wireless communications systems 100 and/or 200 of
FIGs. 1 and 2, respectively. In some examples, a base
station 105 and/or a UE 115, such as described with ref-
erence to FIGs. 1 and/or 2 may implement aspects of
timing diagram 300. The timing diagram 300 illustrates
an example of wireless communications where the data
messages are exchanged with different UEs in different
time slots.
[0040] During a time slot 305, a base station 105 may
transmit a control message to a set of UEs 115, such as
UEs 115-a and 115-b as illustrated in FIG. 2A. During
time slot 310, a base station 105 may transmit a control
message to a second set of UEs 115, such as UEs 115-
c and 115-d as illustrated in FIG. 2B. As discussed, the
control messages may include scheduling assignment
information, ACK/NACK information, etc.
[0041] Subsequently, the base station 105 may ex-
change data messages with each UE 115 of the set of
UEs 115. For example and during time slots 315, the
base station 105 may exchange data messages with a
first UE, such as UE 115-a. During time slots 320, the
base station 105 may exchange data messages with a
second UE, such as UE 115-b. Base station 105 may
exchange data messages with third and fourth UEs dur-
ing time slots 325 and 330, such as UEs 115-c and 115-
d, respectively. The data messages may be exchanged
according to the information included in the control mes-
sages transmitted to the respective UE. As also dis-
cussed, the control messages may be transmitted using
directional transmissions having a beamform width that
is narrower than the beamform width of the directional
transmission used for data message exchanges.
[0042] FIG. 4 shows a block diagram 400 of an appa-
ratus 405 for use in wireless communication, in accord-
ance with various aspects of the present disclosure. In
some examples, the apparatus 405 may be an example

of aspects of one or more of the base stations 105 de-
scribed with reference to FIGs. 1-2. In some examples,
the apparatus 405 may be part or include an LTE/LTE-
A eNB and/or an LTE/LTE-A base station. The apparatus
405 may also be a processor. The apparatus 405 may
include a receiver 410, a beamform manager 415, and/or
a transmitter 420. Each of these components may be in
communication with each other.
[0043] The components of the apparatus 405 may, in-
dividually or collectively, be implemented using one or
more ASICs adapted to perform some or all of the appli-
cable functions in hardware. Alternatively, the functions
may be performed by one or more other processing units
(or cores), on one or more integrated circuits. In other
examples, other types of integrated circuits may be used
(e.g., Structured/Platform ASICs, FPGAs, and other
Semi-Custom ICs), which may be programmed in any
manner known in the art. The functions of each compo-
nent may also be implemented, in whole or in part, with
instructions embodied in a memory, formatted to be ex-
ecuted by one or more general or application-specific
processors.
[0044] In some examples, the receiver 410 may in-
clude at least one radio frequency (RF) receiver, such
as an RF receiver operable to receive feedback signals,
directional information, data messages, etc., from UEs
115 according to aspects of the present disclosure. The
receiver 410 may be used to receive various types of
data and/or control signals (i.e., transmissions) over one
or more communication links of a wireless communica-
tion system, such as one or more communication links
of the wireless communications system 100 described
with reference to FIG. 1.
[0045] In some examples, the transmitter 420 may in-
clude at least one RF transmitter, such as at least one
RF transmitter operable to transmit control messages,
data messages, etc., according to aspects of the present
disclosure. The transmitter 420 may be used to transmit
various types of data and/or control signals (i.e., trans-
missions) over one or more communication links of a
wireless communication system, such as one or more
communication links of the wireless communications
system 100 described with reference to FIG. 1.
[0046] In some examples, the beamform manager may
monitor, control, provide a means for, other otherwise
manage aspects of beamforming and UE set selection.
For example, the beamform manager 415 may, in coop-
eration with the transmitter 420, transmit a control mes-
sage to a set of UEs using a directional transmission
having a first beamform width. The beamform manager
415 may, in cooperation with the receiver 410 and/or the
transmitter 420, exchange data messages with a first UE
of the set of UEs using a directional transmission having
a second beamform width which is different from the first
beamform width. The beamform manager 415 may, in
cooperation with the receiver 410 and/or the transmitter
420, exchange data messages with a second UE of the
set of UEs using a directional transmission having a third
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beamform width which is different from at least one of
the first beamform width and/or the second beamform
width.
[0047] FIG. 5 shows a block diagram 500 of an appa-
ratus 405-a for use in wireless communication, in accord-
ance with various aspects of the present disclosure. In
some examples, the apparatus 405-a may be an example
of aspects of one or more of the base stations 105 de-
scribed with reference to FIGs. 1-2, and/or an example
of aspects of the apparatus 405 described with reference
to FIG. 4. In some examples, the apparatus 405-a may
be part or include an LTE/LTE-A eNB and/or an LTE/LTE-
A base station. The apparatus 405-a may also be a proc-
essor. The apparatus 405-a may include a receiver 410-
a, a beamform manager 415-a, and/or a transmitter 420-
a. The receiver 410-a and the transmitter 420-a may be
an example of, and perform the functions of the receiver
410 and the transmitter 420, respectively, described with
reference to FIG. 4. The beamform manager 415-a may
include a UE set manager 505, a control message man-
ager 510, and a UE data exchange manager 515. Each
of these components may be in communication with each
other.
[0048] The UE set manager 505 may monitor, control,
provide a means for, or otherwise manage aspects of
selecting a set of UEs from a plurality of UEs in a coverage
area of the apparatus 405-a. The UE set manager 505
may select the set of UEs based at least in part on a
channel metric associated with the plurality of UEs in a
cell coverage area. The channel metric may include an
angle of arrival parameter associated with transmissions
from the plurality of UEs. The channel metric may include
a SNR associated with transmissions from the plurality
of UEs.
[0049] The UE set manager 505 may select the set of
UEs based at least in part on a data demand associated
with the plurality of UEs in the cell coverage area. The
UE set manager 505 may receive, from each of a plurality
of UEs, a feedback message including directional infor-
mation for each of the plurality of UEs. The UE set man-
ager 505 may select the set of UEs based at least in part
on the directional information. The feedback message
may be received in a directional random access channel.
The feedback message may be received in a CQI feed-
back message. The feedback message may be received
through uplink control information (UCI). In some as-
pects, the feedback message may be received via a
physical uplink control channel (PUCCH). In some as-
pects, the feedback message may be received via a
physical uplink shared channel (PUSCH).
[0050] The UE set manager 505 may transmit one or
more directional PSSs to the plurality of UEs and receive
feedback information from each of the plurality of UEs,
the feedback information based at least in part on the
one or more directional PSSs. The UE set manager 505
may select the set of UEs based at least in part on the
feedback information.
[0051] The UE set manager 505 may transmit one or

more directional tracking messages to corresponding in-
dividual UEs of the plurality of UEs, the one or more di-
rectional tracking messages each conveying a request
to the corresponding UEs to provide feedback informa-
tion. The UE set manager 505 may receive, responsive
to the one or more directional tracking messages, feed-
back information from each of the corresponding individ-
ual UEs and select the set of UEs based at least in part
on the feedback information.
[0052] The control message manager 510 may moni-
tor, control, provide a means for, or otherwise manage
aspects of control message transmission for the appa-
ratus 405-a. The control message manager 510 may
transmit a control message to the set of UEs using a
directional transmission having a first beamform width.
The control message may be a user-specific or UE-spe-
cific control message communicated via the PDCCH of
the wireless communications system 100.
[0053] The UE data exchange manager 515 may mon-
itor, control, provide a means for, or otherwise manage
aspects of data message exchanges for the apparatus
405-a. The UE data exchange manager 515 may ex-
change data messages with a first UE of the set of UEs
using a directional transmission having a second beam-
form width. The second beamform width may be different
from the first beamform width. The UE data exchange
manager 515 may exchange data messages with a sec-
ond UE of the set of UEs using a directional transmission
having a third beamform width. The third beamform width
may be different from at least one of the first beamform
width and the second beamform width. The second
beamform width and the third beamform width may be
narrower than the first beamform width. The data mes-
sages exchanged with the second UE may be exchanged
in a different time slot than the data messages exchanged
with the first UE. The data messages exchanged with the
second UE may be exchanged in the same time slot than
the data messages exchanged with the first UE.
[0054] FIG. 6 shows a block diagram 600 of a base
station 105-b (e.g., a base station forming part or all of
an eNB) for use in wireless communication, in accord-
ance with various aspects of the present disclosure. In
some examples, the base station 105-b may be an ex-
ample of aspects of one or more of the base stations 105
described with reference to FIGS. 1-2, and/or aspects of
one or more of the apparatus 405 when configured as a
base station, as described with reference to FIGs. 4
and/or 5. The base station 105-b may be configured to
implement or facilitate at least some of the base station
and/or apparatus features and functions described with
reference to FIGs. 1-3.
[0055] The base station 105-b may include a base sta-
tion processor 610, a base station memory 620, at least
one base station transceiver (represented by base sta-
tion transceiver 650), at least one base station antenna
(represented by base station antenna(s) 655), and/or a
beamform manager 415-b. The base station 105-b may
also include one or more of a base station communica-
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tions manager 630 and/or a network communications
manager 640. Each of these components may be in com-
munication with each other, directly or indirectly, over
one or more buses 635.
[0056] The base station memory 620 may include ran-
dom access memory (RAM) and/or read-only memory
(ROM). The base station memory 620 may store non-
transitory computer-readable, computer-executable
software/firmware code 625 containing instructions that
are configured to, when executed, cause the base station
processor 610 to perform various functions described
herein related to wireless communication (e.g., beam-
forming transmissions of control messages, data mes-
sages, etc.). Alternatively, the non-transitory computer-
readable, computer-executable software/firmware code
625 may not be directly executable by the base station
processor 610 but be configured to cause the base sta-
tion 105-b (e.g., when compiled and executed) to perform
various of the functions described herein.
[0057] The base station processor 610 may include an
intelligent hardware device, e.g., a central processing
unit (CPU), a microcontroller, an ASIC, etc. The base
station processor 610 may process information received
through the base station transceiver 650, the base station
communications manager 630, and/or the network com-
munications manager 640. The base station processor
610 may also process information to be sent to the base
station transceiver 650 for transmission through the an-
tenna(s) 655, to the base station communications man-
ager 630, for transmission to one or more other base
stations 105-c and 105-d, and/or to the network commu-
nications manager 640 for transmission to a core network
645, which may be an example of one or more aspects
of the core network 130 described with reference to FIG.
1. The base station processor 610 may handle, alone or
in connection with the beamform manager 415-b, various
aspects of UE set selection and directional transmissions
having beamform widths.
[0058] The base station transceiver 650 may include
a modem configured to modulate packets and provide
the modulated packets to the base station antenna(s)
655 for transmission, and to demodulate packets re-
ceived from the base station antenna(s) 655. The base
station transceiver 650 may, in some examples, be im-
plemented as one or more base station transmitter mod-
ules and one or more separate base station receiver mod-
ules. The base station transceiver 650 may support com-
munications in a first radio frequency spectrum band
and/or a second radio frequency spectrum band. The
base station transceiver 650 may be configured to com-
municate bi-directionally, via the antenna(s) 655, with
one or more UEs or apparatuses, such as one or more
of the UEs 115 described with reference to FIGs. 1-3.
The base station 105-b may, for example, include multi-
ple base station antennas 655 (e.g., an antenna array
used for directional transmissions). The base station 105-
b may communicate with the core network 545 through
the network communications manager 640. The base

station 105-b may also communicate with other base sta-
tions, such as the base stations 105-c and 105-d, using
the base station communications manager 630.
[0059] The beamform manager 415-b may be config-
ured to perform and/or control some or all of the features
and/or functions described with reference to FIGs. 1-3
related to UE set selection and control/data message
beamforming. The beamform manager 415-b, or portions
of the beamform manager 415-b, may include a proces-
sor, and/or some or all of the functions of the beamform
manager 415-b may be performed by the base station
processor 610 and/or in connection with the base station
processor 610. In some examples, the beamform man-
ager 415-b may be an example of the beamform manager
415 and/or 415-a described with reference to FIGs. 4
and/or 5. For example, the beamform manager 415-b
may include a UE set manager 505-a, a control message
manager 510-a, and a UE data exchange manager 515-
a, which may be examples of and implement the functions
of the UE set manager 505, the control message man-
ager 510, and the UE data exchange manager 515, re-
spectively, described with reference to FIG. 5.
[0060] FIG. 7 is a flow chart illustrating an example of
a method 700 for wireless communication, in accordance
with various aspects of the present disclosure. For clarity,
the method 700 is described below with reference to as-
pects of one or more of the base stations 105 described
with reference to FIGs. 1-3 and 6, and/or aspects of one
or more of the apparatuses 405 described with reference
to FIGs. 4-5. In some examples, a base station may ex-
ecute one or more sets of codes to control the functional
elements of the base station to perform the functions de-
scribed below. Additionally or alternatively, the base sta-
tion may perform one or more of the functions described
below using special-purpose hardware.
[0061] At block 705, the method 700 may include the
base station transmitting one or more user-specific con-
trol messages to a corresponding one or more UEs using
a single directional transmission having a first beamform
width. The operation(s) at block 705 may be performed
using the control message manager 510 described with
reference to FIGs. 5 and 6.
[0062] At block 710, the method 700 may include the
base station exchanging, according to the user-specific
control messages, a data message with a first UE of the
one or more UEs using a directional transmission having
a second beamform width which is different from the first
beamform width. The operation(s) at block 710 may be
performed using the UE data exchange manager 515
described with reference to FIGs. 5 and 6.
[0063] At block 715, the method 700 may include the
base station exchanging, according to the user-specific
control messages, a data message with a second UE of
the one or more UEs using a directional transmission
having a third beamform width which is different from at
least one of the first beamform width and the second
beamform width. The operation(s) at block 715 may be
performed using the UE data exchange manager 515
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described with reference to FIGs. 5 and 6.
[0064] FIG. 8 is a flow chart illustrating an example of
a method 800 for wireless communication, in accordance
with the claimed invention. For clarity, the method 800 is
described below with reference to aspects of one or more
of the base stations 105 described with reference to FIGs.
1-3 and 6, and/or aspects of one or more of the appara-
tuses 405 described with reference to FIGs. 4-5. In some
examples, a base station may execute one or more sets
of codes to control the functional elements of the base
station to perform the functions described below. Addi-
tionally or alternatively, the base station may perform one
or more of the functions described below using special-
purpose hardware.
[0065] At block 805, the method 800 includes the base
station receiving, from each of a plurality of UEs, a feed-
back message comprising a channel metric, e.g., direc-
tional information, SNR of the link, data demand for each
of the plurality of UEs, etc. The operation(s) at block 805
may be performed using the UE set manager 505 de-
scribed with reference to FIGs. 5 and 6.
[0066] At block 810, the method 800 includes the base
station selecting a set of UEs based at least in part on
determined location information for each of the plurality
UEs and the data demand associated with each UE of
the plurality of UEs. The operation(s) at block 810 may
be performed using the UE set manager 505 described
with reference to FIGs. 5 and 6.
[0067] At block 815, the method 800 includes the base
station transmitting one or more user-specific control
messages to corresponding UEs selected from the set
of UEs using a single directional transmission having a
first beamform width. The operation(s) at block 815 may
be performed using the control message manager 510
described with reference to FIGs. 5 and 6.
[0068] At block 820, the method 800 includes the base
station exchanging, according to the user-specific control
messages, a data message with a first UE of the set of
UEs using a directional transmission having a second
beamform width which is different from the first beamform
width. The operation(s) at block 820 may be performed
using the UE data exchange manager 515 described with
reference to FIGs. 5 and 6.
[0069] At block 825, the method 800 includes the base
station exchanging, according to the user-specific control
messages, a data message with a second UE of the set
of UEs using a directional transmission having a third
beamform width which is different from at least the first
beamform width. The operation(s) at block 825 may be
performed using the UE data exchange manager 515
described with reference to FIGs. 5 and 6.
[0070] Techniques described herein may be used for
various wireless communications systems such as CD-
MA, TDMA, FDMA, OFDMA, SC-FDMA, and other sys-
tems. The terms "system" and "network" are often used
interchangeably. A CDMA system may implement a radio
technology such as CDMA2000, Universal Terrestrial
Radio Access (UTRA), etc. CDMA2000 covers IS-2000,

IS-95, and IS-856 standards. IS-2000 Releases 0 and A
are commonly referred to as CDMA2000 1X, 1X, etc. IS-
856 (TIA-856) is commonly referred to as CDMA2000
1xEV-DO, High Rate Packet Data (HRPD), etc. UTRA
includes Wideband CDMA (WCDMA) and other variants
of CDMA. A TDMA system may implement a radio tech-
nology such as Global System for Mobile Communica-
tions (GSM). An OFDMA system may implement a radio
technology such as Ultra Mobile Broadband (UMB),
Evolved UTRA (E-UTRA), IEEE 802.11 (Wi-Fi), IEEE
802.16 (WiMAX), IEEE 802.20, Flash-OFDM™, etc.
UTRA and E-UTRA are part of Universal Mobile Tele-
communication System (UMTS). 3GPP Long Term Ev-
olution (LTE) and LTE-Advanced (LTE-A) are new re-
leases of UMTS that use E-UTRA. UTRA, E-UTRA,
UMTS, LTE, LTE-A, and GSM are described in docu-
ments from an organization named "3rd Generation Part-
nership Project" (3GPP). CDMA2000 and UMB are de-
scribed in documents from an organization named "3rd
Generation Partnership Project 2" (3GPP2). The tech-
niques described herein may be used for the systems
and radio technologies mentioned above as well as other
systems and radio technologies, including cellular (e.g.,
LTE) communications over an unlicensed and/or shared
bandwidth. The description above, however, describes
an LTE/LTE-A system for purposes of example, and LTE
terminology is used in much of the description above,
although the techniques are applicable beyond LTE/LTE-
A applications.
[0071] The detailed description set forth above in con-
nection with the appended drawings describes examples
and does not represent the only examples that may be
implemented or that are within the scope of the claims.
The terms "example" and "exemplary," when used in this
description, mean "serving as an example, instance, or
illustration," and not "preferred" or "advantageous over
other examples." The detailed description includes spe-
cific details for the purpose of providing an understanding
of the described techniques. These techniques, howev-
er, may be practiced without these specific details. In
some instances, well-known structures and apparatuses
are shown in block diagram form in order to avoid ob-
scuring the concepts of the described examples.
[0072] Information and signals may be represented us-
ing any of a variety of different technologies and tech-
niques. For example, data, instructions, commands, in-
formation, signals, bits, symbols, and chips that may be
referenced throughout the above description may be rep-
resented by voltages, currents, electromagnetic waves,
magnetic fields or particles, optical fields or particles, or
any combination thereof.
[0073] The various illustrative blocks and components
described in connection with the disclosure herein may
be implemented or performed with a general-purpose
processor, a digital signal processor (DSP), an ASIC, an
FPGA or other programmable logic device, discrete gate
or transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions
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described herein. A general-purpose processor may be
a microprocessor, but in the alternative, the processor
may be any conventional processor, controller, micro-
controller, or state machine. A processor may also be
implemented as a combination of computing devices,
e.g., a combination of a DSP and a microprocessor, mul-
tiple microprocessors, one or more microprocessors in
conjunction with a DSP core, or any other such configu-
ration.
[0074] The functions described herein may be imple-
mented in hardware, software executed by a processor,
firmware, or any combination thereof. If implemented in
software executed by a processor, the functions may be
stored on or transmitted over as one or more instructions
or code on a non-transitory computer-readable medium.
Other examples and implementations are within the
scope and spirit of the disclosure and appended claims.
For example, due to the nature of software, functions
described above may be implemented using software
executed by a processor, hardware, firmware, hardwir-
ing, or combinations of any of these. Features implement-
ing functions may also be physically located at various
positions, including being distributed such that portions
of functions are implemented at different physical loca-
tions. As used herein, including in the claims, the term
"and/or," when used in a list of two or more items, means
that any one of the listed items may be employed by itself,
or any combination of two or more of the listed items may
be employed. For example, if a composition is described
as containing components A, B, and/or C, the composi-
tion may contain A alone; B alone; C alone; A and B in
combination; A and C in combination; B and C in combi-
nation; or A, B, and C in combination. As used herein,
including in the claims, "or" as used in a list of items (for
example, a list of items prefaced by a phrase such as "at
least one of" or "one or more of’) indicates a disjunctive
list such that, for example, a list of "at least one of A, B,
or C" means A or B or C or AB or AC or BC or ABC (i.e.,
A and B and C).
[0075] Computer-readable media includes both non-
transitory computer storage media and communication
media including any medium that facilitates transfer of a
computer program from one place to another. A non-
transitory storage medium may be any available medium
that may be accessed by a general purpose or special
purpose computer. By way of example, and not limitation,
non-transitory computer-readable media may comprise
RAM, ROM, EEPROM, flash memory, CD-ROM or other
optical disk storage, magnetic disk storage or other mag-
netic storage devices, or any other non-transitory medi-
um that may be used to carry or store desired program
code means in the form of instructions or data structures
and that may be accessed by a general-purpose or spe-
cial-purpose computer, or a general-purpose or special-
purpose processor. In addition, any connection is prop-
erly termed a computer-readable medium. For example,
if the software is transmitted from a website, server, or
other remote source using a coaxial cable, fiber optic

cable, twisted pair, digital subscriber line (DSL), or wire-
less technologies such as infrared, radio, and microwave,
then the coaxial cable, fiber optic cable, twisted pair, DSL,
or wireless technologies such as infrared, radio, and mi-
crowave are included in the definition of medium. Disk
and disc, as used herein, include compact disc (CD),
laser disc, optical disc, digital versatile disc (DVD), floppy
disk and Blu-ray disc where disks usually reproduce data
magnetically, while discs reproduce data optically with
lasers. Combinations of the above are also included with-
in the scope of computer-readable media.
[0076] As used herein, the phrase "based on" shall not
be construed as a reference to a closed set of conditions.
For example, an exemplary step that is described as
"based on condition A" may be based on both a condition
A and a condition B without departing from the scope of
the present disclosure. In other words, as used herein,
the phrase "based on" shall be construed in the same
manner as the phrase "based at least in part on."

Claims

1. A method for wireless communication, comprising:

transmitting to all of a plurality of User Equip-
ments, UEs, a directional tracking message
comprising a request for a feedback message;
receiving, from each of the plurality of UEs, the
feedback message, each feedback message in-
dicative of data demand for a respective UE;
determining location information for each UE
based on the received feedback information
from the respective UE;
selecting a set of UEs from the plurality of UEs
based at least in part on the determined location
information for each of the plurality of UEs and
the data demand associated with each UE of
the plurality of UEs;
transmitting one or more user-specific control
messages to the selected set of UEs using a
single directional transmission having a first
beamform width (815), wherein the first beam-
form width is selected to provide reception and
decodability of the one or more user-specific
control message to the selected set of UEs;
exchanging, according to the user-specific con-
trol messages, a first data message with a first
UE in the set of UEs using a directional trans-
mission having a second beamform width that
is different from the first beamform width (820);
and
exchanging, according to the user-specific con-
trol messages, a second data message with a
second UE in the set of UEs using a directional
transmission having a third beamform width that
is different from the first beamform width (825).
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2. The method of claim 1, wherein the feedback mes-
sage is received in a directional random access
channel.

3. The method of claim 1, wherein the feedback mes-
sage is received through uplink control information
(UCI).

4. The method of claim 1, wherein the feedback mes-
sage is received in a channel quality indicator (CQI)
feedback message.

5. The method of claim 3, wherein the UCI is received
via a physical uplink control channel (PUCCH); or
wherein the UCI is received via a physical uplink
shared channel (PUSCH).

6. The method of claim 1, further comprising:

transmitting one or more directional tracking
messages to corresponding individual UEs of
the plurality of UEs, the one or more directional
tracking messages each conveying a request to
the corresponding UEs to provide feedback in-
formation;
receiving, responsive to the one or more direc-
tional tracking messages, feedback information
from each of the corresponding individual UEs;
and
selecting the set of at least two UEs based at
least in part on the feedback information.

7. The method of claim 1, wherein the data message
exchanged with the second UE is exchanged in a
different time slot than the data message exchanged
with the first UE.

8. The method of claim 1, wherein the data message
exchanged with the second UE is exchanged in a
same time slot as the data message exchanged with
the first UE.

9. The method of claim 1, wherein the user-specific
control messages are communicated via a Physical
Downlink Control Channel (PDCCH).

10. An apparatus for wireless communication, compris-
ing:

means for transmitting to all of a plurality of User
Equipments, UEs, a directional tracking mes-
sage comprising a request for a feedback mes-
sage;
means for receiving, from each of the plurality
of UEs, the feedback message, each feedback
message indicative of data demand for a respec-
tive UE;
means for determining location information for

each UE based on the received feedback infor-
mation from the respective UE;
means for selecting a set UEs from the plurality
of UEs based at least in part on the determined
location information for each of the plurality of
UEs and the data demand associated with each
UE of the plurality of UEs;
means for transmitting one or more user-specific
control messages to the selected set of UEs us-
ing a single directional transmission having a
first beamform width, wherein the first beamform
width is selected to provide reception and deco-
dability of the one or more user-specific control
messages to the selected set of UEs;
means for exchanging, according to the user-
specific control messages, a first data message
with a first UE in a set of UEs using a directional
transmission having a second beamform width
that is different from the first beamform width;
and
means for exchanging, according to the user-
specific control messages, a second data mes-
sage with a second UE in the set of UEs using
a directional transmission having a third beam-
form width that is different from the first beam-
form width.

11. The apparatus of claim 10, further comprising means
for carrying out the method of any one of claims 1 to 9.

12. A non-transitory computer-readable medium storing
computer-executable code for wireless communica-
tion, the code executable by a processor to:

transmit to all of a plurality of User Equipments,
UEs, a directional tracking message comprising
a request for a feedback message;
receive, from each of the plurality of UEs, the
feedback message, each feedback message in-
dicative of data demand for a respective UE;
determine location information for each UE
based on the received feedback information
from the respective UE;
select a set of UEs from the plurality of UEs
based at least in part on the determined location
information for each of the plurality of UEs and
the data demand associated with each UE of
the plurality of UEs;
transmit one or more user-specific control mes-
sages to the selected set of UEs using a single
directional transmission having a first beamform
width, wherein the first beamform width is se-
lected to provide reception and decodability of
the one or more user-specific control messages
to the selected set of UEs;
exchange, according to the user-specific control
messages, a first data message with a first UE
in the set of UEs using a directional transmission
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having a second beamform width that is different
from the first beamform width; and
exchange, according to the user-specific control
messages, a second data message with a sec-
ond UE in the set of UEs using a directional
transmission having a third beamform width that
is different from at least one of the first beamform
width.

Patentansprüche

1. Ein Verfahren für Drahtloskommunikation, das Fol-
gendes aufweist:

Senden, an alle einer Vielzahl von Nutzerein-
richtungen bzw. UEs (UE = User Equipment) ei-
ner direktionalen Tracking- bzw. Nachverfol-
gungsnachricht, die eine Anfrage hinsichtlich ei-
ner Feedback-Nachricht aufweist;
Empfangen, von jeder der Vielzahl von UEs, der
Feedback-Nachricht, wobei jede Feedback-
Nachricht einen Datenbedarf für eine jeweilige
UE anzeigt;
Bestimmen von Standortinformation für jede UE
basierend auf der empfangenen Feedback-In-
formation von der jeweiligen UE;
Auswählen eines Satzes von UEs aus der Viel-
zahl von UEs basierend wenigstens teilweise
auf der bestimmten Standortinformation für jede
der Vielzahl von UEs und dem Datenbedarf, der
mit jeder UE der Vielzahl von UEs assoziiert ist;
Senden von einer oder mehreren nutzerspezifi-
schen Steuernachrichten an den ausgewählten
Satz von UEs unter Nutzung einer einzelnen di-
rektionalen Sendung, die eine erste Beam- bzw.
Strahlformbreite (815) hat, wobei die erste
Strahlformbreite ausgewählt wird zum Vorse-
hen von Empfang und Decodierbarkeit der ei-
nen oder mehreren nutzerspezifischen Steuer-
nachrichten an den ausgewählten Satz von
UEs;
Austauschen, gemäß den nutzerspezifischen
Steuernachrichten, einer ersten Datennachricht
mit einer ersten UE in dem Satz von UEs unter
Nutzung einer direktionalen Sendung, die eine
zweite Strahlformbreite hat, die sich von der ers-
ten Strahlformbreite (820) unterscheidet; und
Austauschen, gemäß den nutzerspezifischen
Steuernachrichten, einer zweiten Datennach-
richt mit einer zweiten UE in dem Satz von UEs
unter Nutzung einer direktionalen Sendung, die
eine dritte Strahlformbreite hat, die sich von der
ersten Strahlformbreite (825) unterscheidet.

2. Verfahren nach Anspruch 1, wobei die Feedback-
Nachricht in einem direktionalen Random-Access-
Kanal bzw. Kanal mit wahlfreiem Zugriff empfangen

wird.

3. Verfahren nach Anspruch 1, wobei die Feedback-
Nachricht durch Aufwärtsstreckensteuerinformation
bzw. UCI (UCI = uplink control information) empfan-
gen wird.

4. Verfahren nach Anspruch 1, wobei die Feedback-
Nachricht in einer Kanalqualitätsindikator- bzw. CQI-
Feedback-Nachricht (CQI = channel quality indica-
tor) empfangen wird.

5. Verfahren nach Anspruch 3, wobei die UCI über ei-
nen physischen Aufwärtsstreckensteuerkanal bzw.
PUCCH (PUCCH = physical uplink control channel)
empfangen wird; oder
wobei die UCI über einen physischen gemeinsam
genutzten Aufwärtsstreckenkanal bzw. PUSCH
(PUSCH = physical uplink shared channel) empfan-
gen wird.

6. Verfahren nach Anspruch 1, das weiter Folgendes
aufweist:

Senden von einer oder mehreren direktionalen
Tracking- bzw. Nachverfolgungsnachrichten an
entsprechende individuelle UEs der Vielzahl
von UEs, wobei die eine oder die mehreren di-
rektionalen Tracking-Nachrichten jeweils eine
Anfrage an die entsprechenden UEs zum Vor-
sehen von Feedback-Information übermitteln;
Empfangen, ansprechend auf die eine oder die
mehreren direktionalen Tracking-Nachrichten,
von Feedback-Information von jeder der ent-
sprechenden individuellen UEs; und
Auswählen des Satzes von wenigstens zwei
UEs basierend wenigstens teilweise auf der
Feedback-Information.

7. Verfahren nach Anspruch 1, wobei die Datennach-
richt, die mit der zweiten UE ausgetauscht wird, in
einem anderen Zeitschlitz ausgetauscht wird als die
Datennachricht, die mit der ersten UE ausgetauscht
wird.

8. Verfahren nach Anspruch 1, wobei die Datennach-
richt, die mit der zweiten UE ausgetauscht wird, in
einem gleichen Zeitschlitz ausgetauscht wird wie die
Datennachricht, die mit der ersten UE ausgetauscht
wird.

9. Verfahren nach Anspruch 1, wobei die nutzerspezi-
fischen Steuernachrichten über einen physischen
Abwärtsstreckensteuerkanal bzw. PDCCH (PDCCH
= Physical Downlink Control Channel) kommuniziert
werden.

10. Eine Vorrichtung für Drahtloskommunikation, die

23 24 



EP 3 381 135 B9

14

5

10

15

20

25

30

35

40

45

50

55

Folgendes aufweist:

Mittel zum Senden, an alle einer Vielzahl von
Nutzereinrichtungen bzw. UEs (UE = User
Equipment), einer direktionalen Tracking- bzw.
Nachverfolgungsnachricht, die eine Anfrage
hinsichtlich einer Feedback-Nachricht aufweist;
Mittel zum Empfangen, von jeder der Vielzahl
von UEs, der Feedback-Nachricht, wobei jede
Feedback-Nachricht einen Datenbedarf für eine
jeweilige UE anzeigt;
Mittel zum Bestimmen von Standortinformation
für jede UE basierend auf der empfangenen
Feedback-Information von der jeweiligen UE;
Mittel zum Auswählen eines Satzes von UEs
aus der Vielzahl von UEs basierend wenigstens
teilweise auf der bestimmten Standortinformati-
on für jede der Vielzahl von UEs und dem Da-
tenbedarf, der mit jeder UE der Vielzahl von UEs
assoziiert ist;
Mittel zum Senden von einer oder mehreren nut-
zerspezifischen Steuernachrichten an den aus-
gewählten Satz von UEs unter Nutzung einer
einzelnen direktionalen Sendung, die eine erste
Beam- bzw. Strahlformbreite hat, wobei die ers-
te Strahlformbreite ausgewählt wird zum Vorse-
hen von Empfang und Decodierbarkeit der ei-
nen oder mehreren nutzerspezifischen Steuer-
nachrichten an den ausgewählten Satz von
UEs;
Mittel zum Austauschen, gemäß den nutzerspe-
zifischen Steuernachrichten, einer ersten Da-
tennachricht mit einer ersten UE in einem Satz
von UEs unter Nutzung einer direktionalen Sen-
dung, die eine zweite Strahlformbreite hat, die
sich von der ersten Strahlformbreite unterschei-
det; und
Mittel zum Austauschen, gemäß den nutzerspe-
zifischen Steuernachrichten, einer zweiten Da-
tennachricht mit einer zweiten UE in dem Satz
von UEs unter Nutzung einer direktionalen Sen-
dung, die eine dritte Strahlformbreite hat, die
sich von der ersten Strahlformbreite unterschei-
det.

11. Vorrichtung nach Anspruch 10, die weiter Mittel auf-
weist zum Durchführen des Verfahrens nach einem
der Ansprüche 1 bis 9.

12. Ein nicht transitorisches computerlesbares Medium,
das von einem Computer ausführbaren Code für
Drahtloskommunikation speichert, wobei der Code
durch einen Prozessor ausführbar ist zum:

Senden, an alle einer Vielzahl von Nutzerein-
richtungen bzw. UEs (UE = User Equipment),
einer direktionalen Tracking- bzw. Nachverfol-
gungsnachricht, die eine Anfrage hinsichtlich ei-

ner Feedback-Nachricht aufweist;
Empfangen, von jeder der Vielzahl von UEs, der
Feedback-Nachricht, wobei jede Feedback-
Nachricht einen Datenbedarf für eine jeweilige
UE anzeigt;
Bestimmen von Standortinformation für jede UE
basierend auf der empfangenen Feedback-In-
formation von der jeweiligen UE;
Auswählen eines Satzes von UEs aus der Viel-
zahl von UEs basierend wenigstens teilweise
auf der bestimmten Standortinformation für jede
der Vielzahl von UEs und dem Datenbedarf, der
mit jeder UE der Vielzahl von UEs assoziiert ist;
Senden von einer oder mehreren nutzerspezifi-
schen Steuernachrichten an den ausgewählten
Satz von UEs unter Nutzung einer einzelnen di-
rektionalen Sendung, die eine erste Beam- bzw.
Strahlformbreite hat, wobei die erste Strahlform-
breite ausgewählt wird zum Vorsehen von Emp-
fang und Decodierbarkeit der einen oder meh-
reren nutzerspezifischen Steuernachrichten an
den ausgewählten Satz von UEs;
Austauschen, gemäß den nutzerspezifischen
Steuernachrichten, einer ersten Datennachricht
mit einer ersten UE in dem Satz von UEs unter
Nutzung einer direktionalen Sendung, die eine
zweite Strahlformbreite hat, die sich von der ers-
ten Strahlformbreite unterscheidet; und
Austauschen, gemäß den nutzerspezifischen
Steuernachrichten, einer zweiten Datennach-
richt mit einer zweiten UE in dem Satz von UEs
unter Nutzung einer direktionalen Sendung, die
eine dritte Strahlformbreite hat, die sich von we-
nigstens einer der ersten Strahlformbreite un-
terscheidet.

Revendications

1. Un procédé de communication sans fil, comprenant :

la transmission à la totalité des équipements
d’utilisateur d’une pluralité d’équipements d’uti-
lisateur, UE, d’un message de suivi directionnel
contenant une demande relative à un message
de rétroaction,
la réception, à partir de chaque UE de la pluralité
d’UE, du message de rétroaction, chaque mes-
sage de rétroaction étant indicatif d’une deman-
de de données relative à un UE respectif,
la détermination d’informations de localisation
pour chaque UE en fonction des informations
de rétroaction reçues à partir de l’UE respectif,
la sélection d’un ensemble d’UE à partir de la
pluralité d’UE en fonction au moins en partie des
informations de localisation déterminées pour
chaque UE de la pluralité d’UE et de la demande
de données associée à chaque UE de la pluralité
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d’UE,
la transmission d’un ou de plusieurs messages
de commande spécifiques à l’utilisateur à l’en-
semble d’UE sélectionné au moyen d’une trans-
mission directionnelle unique possédant une
première largeur de forme de faisceau (815), où
la première largeur de forme de faisceau est sé-
lectionnée de façon à fournir la réception et la
décodabilité des un ou de plusieurs messages
de commande spécifiques à l’utilisateur à l’en-
semble d’UE sélectionné,
l’échange, en fonction des messages de com-
mande spécifiques à l’utilisateur, d’un premier
message de données avec un premier UE dans
l’ensemble d’UE au moyen d’une transmission
directionnelle possédant une deuxième largeur
de forme de faisceau qui est différente de la pre-
mière largeur de forme de faisceau (820), et
l’échange, en fonction des messages de com-
mande spécifiques à l’utilisateur, d’un deuxième
message de données avec un deuxième UE
dans l’ensemble d’UE au moyen d’une trans-
mission directionnelle possédant une troisième
largeur de forme de faisceau qui est différente
de la première largeur de forme de faisceau
(825).

2. Le procédé selon la Revendication 1, où le message
de rétroaction est reçu dans un canal à accès aléa-
toire directionnel.

3. Le procédé selon la Revendication 1, où le message
de rétroaction est reçu par l’intermédiaire d’informa-
tions de commande en liaison montante (UCI).

4. Le procédé selon la Revendication 1, où le message
de rétroaction est reçu dans un message de rétroac-
tion d’indicateur de qualité de canal (CQI).

5. Le procédé selon la Revendication 3, où les UCI sont
reçues par l’intermédiaire d’un canal de commande
en liaison montante physique (PUCCH), ou
où les UCI sont reçues par l’intermédiaire d’un canal
partagé en liaison montante physique (PUSCH).

6. Le procédé selon la Revendication 1, comprenant
en outre :

la transmission d’un ou de plusieurs messages
de suivi directionnels à des UE individuels cor-
respondants de la pluralité d’UE, les un ou plu-
sieurs messages de suivi directionnels achemi-
nant chacun une demande aux UE correspon-
dants de façon à fournir des informations de ré-
troaction,
la réception, en réponse aux un ou plusieurs
messages de suivi directionnels, d’informations
de rétroaction à partir de chacun des UE indivi-

duels correspondants, et
la sélection de l’ensemble d’au moins deux UE
en fonction au moins en partie des informations
de rétroaction.

7. Le procédé selon la Revendication 1, où le message
de données échangé avec le deuxième UE est
échangé dans un intervalle temporel différent de ce-
lui du message de données échangé avec le premier
UE.

8. Le procédé selon la Revendication 1, où le message
de données échangé avec le deuxième UE est
échangé dans un même intervalle temporel que le
message de données échangé avec le premier UE.

9. Le procédé selon la Revendication 1, où les messa-
ges de commande spécifiques à l’utilisateur sont
communiqués par l’intermédiaire d’un canal de com-
mande en liaison descendante physique (PDCCH).

10. Un appareil de communication sans fil, comprenant :

un moyen de transmission à la totalité des équi-
pements d’utilisateur d’une pluralité de équipe-
ments d’utilisateur, UE, d’un message de suivi
directionnel contenant une demande relative à
un message de rétroaction,
un moyen de réception, à partir de chaque UE
de la pluralité d’UE, du message de rétroaction,
chaque message de rétroaction étant indicatif
d’une demande de données relative à un UE
respectif,
un moyen de détermination d’informations de
localisation pour chaque UE en fonction des in-
formations de rétroaction reçues à partir de l’UE
respectif,
un moyen de sélection d’un ensemble d’UE à
partir de la pluralité d’UE en fonction au moins
en partie des informations de localisation déter-
minées pour chaque UE de la pluralité d’UE et
de la demande de données associée à chaque
UE de la pluralité d’UE,
un moyen de transmission d’un ou de plusieurs
messages de commande spécifiques à l’utilisa-
teur à l’ensemble d’UE sélectionné au moyen
d’une transmission directionnelle unique possé-
dant une première largeur de forme de faisceau,
où la première largeur de forme de faisceau est
sélectionnée de façon à fournir la réception et
la décodabilité des un ou plusieurs messages
de commande spécifiques à l’utilisateur à l’en-
semble d’UE sélectionné,
un moyen d’échange, en fonction des messages
de commande spécifiques à l’utilisateur, d’un
premier message de données avec un premier
UE dans un ensemble d’UE au moyen d’une
transmission directionnelle possédant une
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deuxième largeur de forme de faisceau qui est
différente de la première largeur de forme de
faisceau, et
un moyen d’échange, en fonction des messages
de commande spécifiques à l’utilisateur, d’un
deuxième message de données avec un
deuxième UE dans l’ensemble d’UE au moyen
d’une transmission directionnelle possédant
une troisième largeur de forme de faisceau qui
est différente de la première largeur de forme
de faisceau.

11. L’appareil selon la Revendication 10, comprenant
en outre un moyen d’exécution du procédé selon
l’une quelconque des Revendications 1 à 9.

12. Un support lisible par ordinateur non transitoire con-
servant en mémoire du code exécutable par ordina-
teur destiné à une communication sans fil, le code
étant exécutable par un processeur de façon à :

transmettre à la totalité des équipements d’uti-
lisateur d’une pluralité d’équipements d’utilisa-
teur, UE, un message de suivi directionnel con-
tenant une demande relative à un message de
rétroaction,
recevoir, à partir de chaque UE de la pluralité
d’UE, le message de rétroaction, chaque mes-
sage de rétroaction étant indicatif d’une deman-
de de données relative à un UE respectif,
déterminer des informations de localisation pour
chaque UE en fonction des informations de ré-
troaction reçues à partir de l’UE respectif,
sélectionner un ensemble d’UE à partir de la plu-
ralité d’UE en fonction au moins en partie des
informations de localisation déterminées pour
chaque UE de la pluralité d’UE et de la demande
de données associée à chaque UE de la pluralité
d’UE,
transmettre un ou plusieurs messages de com-
mande spécifiques à l’utilisateur à l’ensemble
d’UE sélectionné au moyen d’une transmission
directionnelle unique possédant une première
largeur de forme de faisceau, où la première lar-
geur de forme de faisceau est sélectionnée de
façon à fournir la réception et la décodabilité des
un ou plusieurs messages de commande spé-
cifiques à l’utilisateur à l’ensemble d’UE sélec-
tionné,
échanger, en fonction des messages de com-
mande spécifiques à l’utilisateur, un premier
message de données avec un premier UE dans
l’ensemble d’UE au moyen d’une transmission
directionnelle possédant une deuxième largeur
de forme de faisceau qui est différente de la pre-
mière largeur de forme de faisceau, et
échanger, en fonction des messages de com-
mande spécifiques à l’utilisateur, un deuxième

message de données avec un deuxième UE
dans l’ensemble d’UE au moyen d’une trans-
mission directionnelle possédant une troisième
largeur de forme de faisceau qui est différente
d’au moins une de la première largeur de forme
de faisceau.
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