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SYNCHRONIZED SCHEDULING FOR CARRIER AGGREGATION

BACKGROUND

{0001} The following relates generally to wireless commumnications, and more specifically

to synchronized scheduling for carmmier aggregation.

(9]

{8662} Wireless communications systers are widely deploved to provide vanous types of
communication content such as voice, video, packet data, messaging, broadcast, and s¢ on.
These systems may be capable of supporting communication with multiple users by shanng
the available system resources {e.g., time, frequency, and power). Examples of such multiple-
access systems inchude fourth generation (4G) systems such as Long Term Evolution (LTE)
16 systems, LTE-Advanced (LTE-A) systems, or LTE-A Pro systems, and fifth generation (5G)
systems which may be referred to as New Radio (NR) systems. These systems may employ
technologies such as code division multiple access {CDMA), time division muluple access
{TDMA}, frequency division multiple access (FBMA), orthogonal frequency division

multiple access (OFDMA), or discrete Fourier transform-spread-OFDM (BFT-S5-0FDM).

15 [6063] A wireless multiple-access communications system may include a number of base
stations or network access nodes, cach simultancously supporting communication for
multiplc communication devices, which may be otherwise known as user equipment (UE).
Some wireless communications systems may support communications between a UE and a
base station on multiple aggregated carriers, a feature referred €0 as carrier aggregation. In

20 such systems, a base station may activate a subset of the carriers or all of the carriers to adapt
to traffic patterns associated with communications with a UE {(e.g., to adapt to bursty traffic
patterns). The base station may then schedule communications with the UE on the activated
carriers. Conventional techniques at a base station for scheduling communications with a UE

on multiple activated carriers may be deficient.

SUMMARY

]
2

[6004] The described technigues relate to improved methods, systems, devices, and
apparatuses that support synchronized scheduling for carrier aggregation. As described
herein, a user equipment {(UE) may identify rounltiple carriers configured for communications
with a base station, and the UE may group the carriers into one or more preferred groups for

3¢ sgynchronized scheduling at a base station. The preferred groups of carriers for synchronized
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scheduling may represent a recommendation that carniers within a preferred group are to be
scheduled for commumcations with the base station on at least partially overlapping
resovrces. The UE may then transmit an indication of the preferred groups of carriers to a
base station, and the base station may identify an actual group of carriers for synchronized

5 scheduling based on the indication received from the UE. The base station may then schedule
communications with the UE based on the actual group of carriers. In particular, the base
station may attempt to synchronize communications with a UE on carriers in a group to

maximize the opportunttics for the UE to transition to a sleep mode and save power.

8005} A method for wireless communication at a UE is described. The method may

10 mchude receiving a carrier aggregation configuration message from a base station indicating a
set of carriers configured for communications with the base station, grouping the sct of
carners into one or more preferred groups, the one or more preferred groups representing a
recommendation that carriers within a preferred group are to be scheduled for
commumnications with the base station on at least partially overlapping time resources, and

15 transmutting an indication to the base station of the one or more preferred groups of the set of

carriers.

[(006] An apparatus for wireless communication at a UE is described. The apparatus mayv
mclade a processor, memory in electronic connmunication with the processor, and
mstructions stored in the memory. The instructions may be executable by the processor to

20 cause the apparatus to receive a carrier aggregation configuration message from a base station
mdicating a set of carriers configured for communications with the base station, group the set
of carriers into one or more preferred groups, the one or more preferred groups representing a
recommendation that carriers within a preferred group are to be scheduled for
communications with the base station on at least partially overlapping time resources, and

25 transmit an mdication fo the base station of the one or more preterred groups of the set of

carriers.

{0007} Another apparatus for wircless communication at a UE 1s described. The

apparatus may include means for recetving a carmer aggregation configuration message from

a base station indicating a set of carriers configured for communications with the base station,
30 grouping the set of carriers mnio one or more preferred groups, the one or more preferred

groups representing a recommendation that carriers within a preferred group are to be
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scheduled for communications with the base station on at least partially overlapping time
resources, and transnuiting an indication to the base station of the one or more preferre

groups of the set of carriers.

[B008] A non-transttory computer-readable medium storing code for wireless

(]

commumnication at a UK 18 described. The code may include instructions exgcutable by a
processor to receive a carrier aggregation configuration message from a base station
mdicating a set of carners configured for communications with the base station, group the sct
of carriers into one or more preferred groups, the one or more preferred groups representing a
recommendation that carriers within a preferred group are 1o be scheduled for

10 communications with the base station on at least partially overlapping time resources, and
transmit an indication to the base station of the one or more preferred groups of the set of

carrers.

HEEDS Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or mstructions for
15 receiving downlink control information (BCY for carriers within a group of the ong or more
actual groups, the DCT mdicating that none of the carriers within the actual group mclude
dowunlink data for the UE 1 a time slot and transttioning a radio frequency cham of the UE
and assoctated with the preferred groap 1o a sleep mode until at least an end of the time slot.
Some examples of the method, apparatuses, and non-transitory computer-readable medium
20 described herein may further include operations, features, means, or structions for receiving
feedback from the base station indicating whether the base station successfully received the

indication.

{6010} Some examples of the method, apparatuses, and non-transitory computer-readable

medium described herein may further include operations, features, means, or mstructions for

N
W

receiving an imdication of one or more actual groups of the set of carriers, the one or more
actual groups being determined based on the one or more preferred groups and representing
actual groupings of carriers that may be to be scheduled for communications with the base
station on at least partially overlapping time rescurces. Some examples of the method,
apparatuses, and non-transitory computer-readable medinm described herein may further
36 wnclude operations, features, means, or instructions for receiving downlink control

nformation (DT for carriers within a group of the one or more actual groups, the DCI
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mdicating that none of the carriers within the preferred group inchide downlink data for the
UE m a time slot and transitioning a radio frequency chain of the UE and associated with the
preferred group to a sleep mode unti] at least an end of the time slot. In some examples of the
method, apparatuses, and non-transitory computer-readable medium described herein, a
group of the one or more actual groups includes carriers associated with a same numerology.
In some examples of the method, apparatuses, and non-transitory computer-readable medium
described herein, a group of the one or more actual groups includes at least two carriers

associated with different numerologies.

{8011} In some examples of the method, apparatuses, and non-transitory computer-
readable medium described herein, communications in a time slot on a first carrier associated
with a first numerclogy may be scheduled based on communications scheduled 1 the time
slot on a second carmier associated with a second mumerology, the second numerclogy being
assoctated with a larger time slot duration than the first numerology. Some examples of the
method, apparatuses, and non-transitory computer-readable medium described herein may
further inchude operations, features, means, or mstructions for receiving DCH for carriers
within a group of the one or more actaal groups, the BCI for a carner being within a first time
slot and scheduling communications in the first time slot or in a later time slot. Some
examples of the method, apparatuses, and non-transitory computer-readable medium

described herein may further include operations, features, means, or instructions for receiving
feedback from the base station indicating whether the base station successfully received the
mdication. In some examples of the method, apparatuses, and non-transitory computer-
readable medium described herein, the indication may be transmitted in radio resource
control (RRC) signaling. In some examples of the method, apparatuses, and non-transitory
computer-readable medium described herein, the set of carriers may be within a same

frequency band.

[6012] A method for wireless communication at a base station 1s descnbed. The method
may nclude transmitting a carrier aggregation configuration message to a UE indicating a set
of carriers configured for communications with the UE, grouping the set of carriers into one
or more groups, the one or more groups representing groupings of carriers that are to be
scheduled for comummumications with the UE on at least partially overlapping time resources,

and scheduling communications with the UE on the sct of carners based on the grouping.
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{6013} An apparatus for wireless communication at a base station is described. The
apparatus may include a processor, memory in electronic communication with the processor,
and instructions stored in the memory. The instructions may be executable by the processor
o cause the apparatus to transmit a carrier aggregation configuration message to a UE
mdicating a set of carriers configured for communications with the UE, group the set of
carners into one or more groups, the one or more groups representing groupings of carricrs
that are to be scheduled for communications with the UE on at least partially overlapping
time resources, and schedule communications with the UE on the set of carriers based on the

grouping.

{0014} Aunother apparatus for wireless communication at a base station is descnbed. The
apparatus may include means for transmitting a carrier aggregation configuration message to
a UE indicating a set of carmers configured for commumications with the UE, grouping the set
of carriers into one or more groups, the one or more groups representing groupings of carriers
that are to be scheduled for communications with the UE on at least partially overlapping
tme resources, and scheduling communications with the UE on the set of carners based on

the grouping.

01 5] A non-transttory computer-readable medium stonng code for wireless
communication at a base station 15 described. The code may include instructions exccutable
bv a processor to transmit a carrier aggregation configuration message to a UE indicating a
set of carriers configured for communications with the UE, group the set of carriers into one
or more groups, the one or more groups representing groupings of carriers that are to be
scheduled for commumications with the UE on at least partially overlapping time resources,

and schedule communications with the UE on the set of carriers based on the grouping.

6016} In some examples of the method, apparatuses, and non-transitory computer-
readable medium descnbed herein, dentifving the one or more groups of the set of carriers
may nclude operations, features, means, or instructions for recetving an indication from the
UE of one or more preferred groups of the set of carriers, the one or more preferred groups
representing a recommendation that carriers within a preferred group may be to be scheduled
for communications with the UE on af keast partially overapping resources and grouping the
set of carriers into one or more groups based on the one or more preferred groups. Some

gxamples of the method, apparatuses, and non-transitory computer-readable medium
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described herein may further include operations, features, means, or instructions for
transmuiting feedback to the UE mdicating whether the base station successfully received the
mdication. In some examples of the method, apparatuses, and non-transitory computer-

readable medivm described herein, the indication may be received in RRC signaling.

(]

{6017} In some examples of the method, apparatuses, and non-transitory computer-
readable medium described herein, scheduling communications with the UE on the set of
carricrs may include operations, features, means, or mstructions for transmutting DCT for
carriers within a group, the DCI indicating whether downlink data may be mcladed 1n a time
slot for the UE on a respective carrier. In some examples of the method, apparatuses, and

16 pon-transitory computer-readable medium described herein, the DCT for a carrier may be
within a first time slot and schedules communications in the first time slot or in a later time
slot. In some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein, a group of the one or more groups includes carriers associated with

a same munerology.

15 [0018] In some examples of the method, apparatuses, and non-transitory computer-
readable medium described herein, a group of the one or more groups includes at least two
carriers associated with different numerologies. fn some examples of the method,
apparatuses, and non-transitory computer-readable medium described hergin, scheduling
communicationg with the UE on the set of carriers may include operations, features, means,

20 ornstructions for scheduling compwnications in a time slot on a first carrier associated with
a first numerology based on communications scheduled in the time slot on a second camer
associated with a second mumerology, the sccond numerclogy being assoctated with a larger
slot duration than the first numerology. In some examples of the method, apparatuses, and
non-~transitory computer-readable medium described herein, the set of carriers may be within

25 asame frequency band.

BRIEF DESCRIPTION OF THE DRAWINGS

{0619} FIG. | ilustrates an example of a wireless communications system that supports
synchromzed scheduling for carmer aggregation in accordance with aspects of the present

disclosure.
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[6620] FIG. 2 illustrates an example of intra-slot scheduling in accordance with aspects
of the present disclosure.
{6621} FIG. 3 illustrates an example of cross-slot scheduling m accordance with aspects

of the present disclosure.

W

[6022] FIG. 4 illustrates an example of rescurces used for communications between a
base station and a UE on multiple carriers for intra-band carmer aggregation in accordance
with aspects of the present disclosure.

[6023] FIG. 5 illustrates an example of a wireless communications system that supports
synchromzed scheduling for carmer aggregation in accordance with aspects of the present

10 disclosure.

[0624] FIG. 6 illustrates an example of resources used for synchronized communications
between a base station and a UE on multiple carriers associated with the same numerology in

accordance with aspects of the present disclosure.

[6025] FIG. 7 illustrates an example of rescurces used for syachronized communications

[—
W

between a base station and a UE on multiple carriers associated with different numerologies

m accordance with aspects of the present disclosure.

{6626} FIGs. 8 and 9 show block diagrams of devices that support synchronized

scheduling for carrier aggregation in accordance with aspects of the present disclosure.

{6027 FIG. 10 shows a block diagram of a communications manager that supports
20 synchronized scheduling for camier aggregation in accordance with aspects of the present

disclosure.

{0628} FIG. 11 cshows a diagram of a system including a device that supports
synchronized scheduling for carrier aggregation in accordance with aspects of the present

disclosure.

25 j6029) FIGs. 12 and 13 show block diagrams of devices that support synchronized

scheduling for carrier aggregation in accordance with aspects of the present disclosure.

[6030] FIG. 14 shows a block diagram of a communications manager that supports
synchromzed scheduling for carmer aggregation in accordance with aspects of the present

disclosure.
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{0031} FIG. 15 shows a diagram of a system including a device that supports
synchronized scheduling for carrier aggregation in accordance with aspects of the present

disclosure.

[6032] FIGs. 16 and 17 show flowcharts illustrating methods that support synchronized

(]

scheduling for carrier aggregation in accordance with aspects of the present disclosure.

DETAILED DESCRIPTION

[6033] Some wircless communications systems may support communications between a
user equipment {UE) and a base station on muitiple aggregated carriers, a feature referred to
as carrter aggregation. The use of carrier aggregation may allow a base station to increase the

16 bandwidth used to communicate with a UE. To provide additional flexibility. the base station

may be configured to deactivate one or more carriers {¢.g., secondary cells) or transition the

ong or more carriers to a dormant state 1o adapt to traffic patierns associated with
communications with a UE. When a carrier is active {¢.g., during active traffic burst periods),
the base station may schedule communications with the UE on the carnier. In some cases,

15 however, the base station may not be able to schedule commumications with the UE on
successive slots on a carrier. For instance, the base station may schedule communications
with the UE 1n one slot, and the base station may schedule communications with another UE
m a next slot. In such cases, it may be appropriate for the UE to transition a radio frequency

(RF} chain to a sleep mode during slots where the UE 1s unscheduled.

20 [0034] For mter-band carrier aggregation, where different RF chains are used for
communications on different carriers, a UE may be able to transition an R¥F chain used to
communicate on a carrier to a sleep mode during slots where the UE is unscheduled on the
carrier. For intra-band carrier aggregation, however, a common RF chain may be used for

communications on multiple carriers, and a UE may not be able to transition the common RF

-]
N

chain to a sleep mode durning slots where the UE is unscheduled on one of the multiple
carriers if the UE s scheduled on another one of the multiple carriers. That is, the common
RF chain may have to be fully active even when a single carrier of the multiple carriers is
being used to communicate with a base station during a slot. Accordingly, the UE may not be
able to transition the common RF chamn to a sleep mode to save power unless the UE s

30 unscheduled on all of the multiple carriers on which the RF chain is used to communicate.
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{6635] As described herein, a wireless communications system may support efficient
techniques for scheduling communications between a base station and a UE to maximize
power savings at the UE. In particular, a base station may attempt to synchronize
communications with a UE on carriers associated with a common RF chainat the UE (1e |

5 using synchronized scheduling). Accordingly, when the base station is able to synchronize
communications, the UE may be scheduled to communicate with the base station on the
multiple carriers in the same slots and the UE may be unscheduled on the multiple carriers in
the same slots {i.c.. to allow the UE {o transition the common RF chain to a sleep mode). In
some cases, the UE may transmit an indication of preferred groups of carmers for

10 synchronized scheduling at a base station, and the base station may group carriers for

synchronized scheduling based on the preferred groups of carners indicated by the UE.

036} Aspects of the disclosure introduced above are described below i the context of a
wireless commumications system. Examples of processes and signaling exchanges that
support syichronized scheduling for carrier aggregation are then described. Aspects of the

15 disclosure are further itlustrated by and described with reference to apparatus diagrams,
system diagrams, and flowcharts that relate to synchronized scheduling for carrier

aggregation.

{6037 FIG. 1 iliustrates an example of a wirelegss communications system 100 that
supportts synchronized scheduling for carnier aggregation in accordance with aspects of the

20 present disclosure. The wircless communications system 100 includes base stations 105, UEs
115, and a core network 130, In some examples, the wireless communications system 100
may be a Long Term Evolution (L'TE} network, an LTE-Advanced (LTE-A) network, an
LTE-A Pro network, or 3 New Radio (NR) network. In some cases, wireless commaunications
systern 100 may support enhanced broadband communications, ultra~-reliable {c.g., mission

25 critical) communications, low latency commumications, or communications with low-cost and

tow-complexity devices.

{6038} Base stations 105 may wirclessly communicate with UEs 115 via one or more

base station antennas. Base stations 105 described herein may mchude or may be referred to

by those skilled in the art as a base transceiver station, a radio base station, an access point, a
36 radio transceiver, a NodeB, an eMNodeB (eNB), a next-generation Node B or giga-nodeB

{etther of which may be referred to as a gNB}), a Home NodeB, a Home eNodeB, or some
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other suitable terminology. Wireless communications system 100 may include base stations
105 of different types {e.g., macro or small cell base stations). The UEs 115 described herein
may be able to communicate with various types of base stations 105 and network cquipment

meluding macro eNBs, small cell eNBs, ¢NBs, relay base stations, and the hke.

6039} Each base station 105 mayv be assoctated with a particular geographic coverage
area 110 in which communications with various UEs 115 is supported. Each base station 105
may provide communication coverage for a respective geographic coverage arca 110 via
communication hinks 125, and commumication links 125 between a base station 105 and a UE
115 may utilize one or more carrters. Communication links 125 shown in wireless
communications system 100 may include uplink transmissions from a UE 115 to a base
station 1035, or downlink transmissions from a base station 105 to a UE 115. Downlink
transmissions may also be called forward link transmissions while uphink transmissions may

also be called reverse link transmissions.

{0044 ¢ geographic coverage area 110 for a base station 105 may be divided into
sectors making up only a portion of the geographic coverage area 110, and cach sector may
be associated with a cell. For example, cach base station 105 may provide communication
coverage for a macro cell, a small cell, a hot spot, or other types of cells, or various
combinations thereof. In some examples, a base station 105 may be movable and therefore
provide communication coverage for a moving geographic coverage area 110, In some
examples, different geographic coverage arcas 110 associated with differcut technologics
may overlap, and overapping geographic coverage arcas 110 associated with different
technologies may be supported by the same base station 105 or by different base stations 1035,
The wireless communications system 100 may include, for example, a heterogencous
LTE/ATE-A/LTE-A Pro or NR network in which different types of base stations 105 provide

coverage for various geographic coverage areas 110,

{0041} The term “cell” refers 1o a logical communication entity used for communication
with a base station 1035 {¢.g., over a carrier), and may be associated with an identitier for
distinguishing neighboring cells (¢.g., a phystical cell identifier (PCID), a virtual cell identifier
{VCID)) operating via the same or a different carrier. In some examples, a carrier may
support multiple cells, and different cells may be configured according to different protocol

types {¢.g., machine-type communication {MTC}, narrowband Internet-of-Things (NB-IoT),
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enhanced mobile broadband (eMBB), or sthers) that may provide access for different types of
devices. In some cases, the term “cell” may refer to a portion of a geographic coverage area

110 {e.g., a sector) over which the logical entity operates.

[0042] UEs 115 may be dispersed throughout the wireless communications system 100,

(]

and cach UE 115 may be stationary or mobile. A UE 115 may also be referred to as a mobile
device, a wircless device, a remote device, a handheld device, or a subscriber device, or some
other suitable ternunology, where the “device™ may also be referred to as a unit, a station, a
terminal, or a client. A UE 115 may also be a personal electronic device such as a cellular
phone, a personal digital assistant (PDIA}, a tablet computer, a laptop computer, or a personal
10 computer. In some examples, a UE 115 may also refer to a wireless local loop {WLL) station,
an Internet of Things (JoT) device, an Internet of Evervthing (IoE) device, or an MTC device,
or the ke, which may be implemented in various articles such as applances, vehicles,

meters, or the like.

{6643} Base stations 105 may communicate with the core network 130 and with one

15 another. For example, base stations 105 may interface with the core network 130 through
backhaul links 132 (e.g., via an 51, N2, N3, or other inferface). Base stations 105 may
communicate with one another over backhaul links 134 {c.g., via an X2, Xn, or other
mterface) either directly (¢.g., directly between base stations 105) or indirectly (e.g., via core

network 130}

20 [0044] The core network 130 may provide user authentication, access authorization,
tracking, Internet Protocol (IP) connectivity, and other access, routing, or mobility fumctions,
The core network 130 may be an evolved packet core (EPC), which may include at least one
mobility management entity (MME), at least one serving gateway (5-GW), and at least one
Packet Data Network (PDN) gateway (P-GW). The MME may manage non-access stratum

25 {e.g.. control plance) functions such as mobility, authentication, and bearer management for
UEs 115 served by base stations 105 associated with the EPC. User IP packets may be
transferred through the 5-GW, which itself mav be connected to the P-GW. The P-GW may
provide IP address allocation as well as other functions. The P-GW may be comnected to the
network operators IP services. The operators 1P services may include access to the Intemet,

30 Intranet(s), an IP Multimedia Subsystern (IMS}, or a Packet-Switched (PS5} Streaming

Service.



16

WO 2020/037457 PCT/CN2018/101278

12

[06045] At least some of the network devices, such as a base station 105, may mclude
subcomponents such as an access network entity, which may be an example of an access
node controller (ANC). Each access network entity may communicate with UEs 115 through
a number of other access network transmission entities, which may be referred to as a radio
head, a smart radio head, or a transmission/reception pownt {TRP). In some configurations,
various functions of each access network entity or base station 105 may be distributed across
various network devices {e.g.. radio heads and access network controllersy or consolidated

mto a single network device {¢.g.. a base station 105).

[08046] In some cases, wircless commumnications system 100 may be a packet-based
network that operate according to a lavered protocol stack. In the user plane, conumumications
at the bearer or Packet Data Convergence Protocol (PDCP) laver may be 1P-based. A Radio
Link Control (RLC) laver may in some cases perform packet segmentation and reassembly to
communicate over logical channcls. A Medium Access Control (MAC) laver may perform
priority handling and multiplexing of logical channels into transport channels. The MAC
layer may also use hybrid automatic repeat request (HARQ) to provide retransmission at the
MAC layer to improve hink efficiency. In the control plane, the Radio Resource Control
{RRC) protocol laver may provide establishment. configuration, and maintenance of an RRC
connection between a UE 115 and a base station 105 or core network 130 supporting radio
bearers for user plane data. A the Physical (PHY) layer, transport channels may be mapped

to physical channels.

10047} In some cases, Uls 115 and base stations 105 may support retransnussions of data
to merease the likebhood that data is received successfully. HARQ feedback 1s one technique
of increasing the likelihood that data is received correctly over a communication fink 125.
HARG teedback may include an acknowledgment (ACK) indicating that a device
successfully received a transmission or a negative acknowledgment (NACK) indicating that
the device failed to successfully receive the transmission. HARGQ may mchude a combination
of error detection {e.g., using a cyclic redundancy check (CRCY), forward error correction
(FEC), and retransmission {e.g., automatic repeat request {ARQ})). HARQ may improve
throughput at the MAC laver in poor radio conditions {¢.g., signal-to-noise conditions}. In
some cases, a wireless device may support same-siot HARQ feedback, where the device may

provide HARG feedback in a specific slot for data received 1n a previous symbol in the slot,
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In other cases, the device may provide HARQ feedback in a subsequent slot, or according to
some other time interval.
{0048} Time intervals in LTE or NR may be expressed in multiples of a basic time unit,

which may, for example, refer to a sampling period of Ts = 1/30,720,000 scconds. Tine

(]

mtervals of a communications resource may be organized according to radio frames cach
having a duration of 10 milliseconds (ms), where the frame period may be expressed as
Tr=307.200 Ts. The radio frames may be identified by a system frame number (SFN)
ranging from 0 to 1023, Each frame may include 10 subframes numbered from 0 to 9, and
cach subframe may have a duration of 1 ms. A subframe may be further divided into 2 slots
10 cach having a duration of 0.5 ms, and each slot may contain 6 or 7 modulation symbol
periods (¢.g., depending on the length of the cvelic prefix prepended to each symbol period).
Excluding the cvelic prefix, each symbol period may contain 2048 sampling periods. In some
cases, a subframe may be the smallest scheduling unit of the wireless communications system
100, and may be referred to as a transmission time mterval (T}, In other cages, a smallest
15 scheduling unit of the wireless communications system 100 may be shorter than a subframe
or may be dynamically selected (e.g., in bursts of shortened TTis (sTTls) or in selected

component carriers using s111s).

[6049] In some wireless communications systems, a slot may further be divided nto
multiplc mini-slots containing one or more symbols. In some instances, a symbol of a mini-
20 slot or a mini-slot may be the smallest unit of scheduling. Each symbol may vary in duration
depending on the subcarrier spacing or frequency band of operation, for example. Further,
some wireless communications systems may implement slot aggregation in which multiple
slots or mini-slots are aggregated together and used for communication between a UE 115

and a base station 105,

N
W

[6050] The term “carrier” refers to a set of radio frequency spectrum resources having a
defined physical layer structure for supporting comamunications over a communication link
125, For example, a carrier of a communication link 125 may include a portion of a radio
frequency spectrum band that is operated according to physical laver channels for a given
radio access technology. Each physical layer channel may carry user data, control

36 wmformation, or other signaling. A carrier mayv be associated with a pre~-defined frequency

channel (¢ g., an E-UTRA absolate radio frequency chamnel number (EARFCN)), and may be
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positioned according to a channel raster for discovery by UEs 115, Carriers may be downlink

or uplink (¢.g., in a frequency division duplexang (FDD) mode), or be configured o carry

downlink and uplink communications {¢.g., in a ime division duplexing {TDD) mode). In

some examples, signal waveforms transmitted over a carrier may be made up of multiple sub-
5 carriers (¢.g., using multi-carrier modulation (MCM) technigues such as orthogonal

frequency division multiplexing (OFDM) or DFT-s-OFDM).

[0051] The organizational structure of the carmicrs may be different for different radio
access technologies (e.g., LTE, LTE-A, L'TE-A Pro, NR, etc.). For example, communications
over a carrier may be organtzed according to TTIs or slots, each of which may inclade user
10 data as well as control information or signaling to support decoding the user data. A carrier
may also include dedicated acquisition signaling (¢ .. synchronization signals or system
mformation, etc.} and control signaling that coordinates operation for the carmer. In some
gxamples {e.g., n a carrier aggregation configuration}, a carnter may also have acquisition

signaling or control signaling that coordinates operations for other carriers.

15 j60s2] A carrier may be associated with a particular bandwidth of the radio frequency
spectrum, and o some examples the carrier bandwidth may be referred to as a “system
bandwidth™ of the carrier or the wircless communications system 100, For example, the
carrier bandwidth may be one of a number of predetermined bandwidths for carriers of a
particular radio access technology {e.g., 1.4, 3, 5, 10, 15, 20, 40, or 80 MHz}. In some

20 examples, each served UE 115 may be configured for operating over portions or all of the
carrier bandwidth. In other examples, some UEs 115 may be configured for operation using a
narrowband protocol type that is associated with a predefined portion or range (e.g., set of
subcarriers or RBs) within a carrier (e.g., “in-band” deployment of a narrowband protocol

type}.

N
W

[6053] Physical channels may be multiplexed on a carmier according to various
cchniques. A physical control chammel and a physical data channel may be multiplexed on a
downlink carrier, for example, using time division multiplexing (TDM) technigues,
frequency division mudtiplexing (FDM) techniques, or hybrid TDM-FDM techniques. In
some examples, control information transmitted i a physical control channel may be

36 distributed between different control regions in a cascaded manner (e.g., between a common
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control region or common search space and one or more UE-specific control regions or UE-

specific search spaces).

{8654} A UE 115 11 a connected mode may monitor a downlink control channel at the

beginning of a slot {¢.g., during an on-time when connected~-mode discontinuous reception

(]

{C-DRX) 1s enabled) to receive downlink control information (BCI) from a base station 103,
For downlink scheduling, the DCE may mdicate whether downlink data is mchided na
remaining portion of the slot (i.c., m a data channel of the slot) after the last symbol that
mehudes the downlink channel. If the UE 115 determimes that the remaming portion of the
slot 1s unscheduled {e.g., does not include downlink data), the UE 115 may transition an RF
10 chain at the UE 115 into a sleep mode (c.g.. micro-sleep mode), and the UE 115 may skip
subsequent sample or baseband processing for the unscheduled portion of the slot.
Accordingly, the UE 115 may be able to save power since the UE 115 may skip monitoring
the remaining portion of the slot (1., the downlink channel} for downlink data from the base
station 105, The duration for which the UE 115 may transition to the sleep mode may vary
15 depending on whether the DCT scheduling a downlink transnussion n a slot is received i the

slot (i.¢., intra-slot scheduling) or 1s received i a previous slot (1.e, cross-slot scheduling).

[055] FIG. 2 iliustrates an example of mtra-slot scheduling 200 in accordance with
aspects of the present disclosure. In the example of FIG. 2, a UE 115 may receive control
mformation in control channels 210 in muluple slots 205 {¢.g., n a control resource s¢t

20 (coresct) imtended for the UE 115, the coreset spanning a portion of the system bandwidth
220), and the control information received in a slot 205 may indicate whether downlink data
is included in a data channel 215 in that slot. In this example, for an unscheduled data
transmission in a slot 205, a UE 115 may have to process control information received in a
control channel 210 of the slot 205 for the duration of a time period 225 {i.e., the critical path

25 for downlink control processing) before determining that no downlink data is scheduled in a
remaining portion of the slot. For instance, the UE 115 may process control information
received in a control channel 210 of the slot 205-a for the duration of a time period 225-a
before determining that no downlink data is scheduled in a remaining portion of the slot 203-
a. Accordingly, the UE 115 may not be able to transition to a sleep mode for the duration of

30 the time period 225, and power savings at the UE 115 may be limited. In addition, for larger
subcarrier spacings and shorter slot durations, the power savings at the UE 115 may be

further imited since the fime pertod 225 may be fixed (i.¢., due to fixed sofiware and
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hardware latency) and may overlap with a larger portion of the data channel in aslot {ic,

reducing the portion of the slot available for transttioning to a sleep mode).

{08656} FiG, 3 illustrates an example of cross-slot scheduling 300 i accordance with

aspects of the present disclosure. In the example of FIG. 3, a UE 115 may receive control

(]

mformation mn control channels 310 in multiple slots 305 (e.g., in a coreset intended for the
UE 115, the corgset spanning a portion of the system bandwidth 320), and the control
mformation received in each slot 305 may indicate whether downlink data is included m a
data channel 215 in a subseguent slot (i.¢., across one slot (k0=1}, two siots (k3=2}, etc.}. In
this example, for an unscheduled data transmission in a slot 305, a UE 115 may determine
10 that no dowanlink data i1s scheduled to be transmitied in the slot 303 prior to the slot 305 or
prior 1o a data channel 315 in the slot 305, and the UE 115 may be able to transition to a sleep
mode afier receiving control information in a control channel 310 i the slot 305, For
mstance, for an unscheduled data transmussion in a slot 305-b, a UE 115 may determine that
no downlink data 1s scheduled to be transmitted in the slot 305-b prior to the slot 303-b or
15 prior to a data channel 315 in the slot 305-b, and the UE 115 may be able 1o transition to a
sleep mode after receiving control information in a control channel 310 in the slot 303-b.

Thus, power savings at the UE 115 may be maxinized.

{8057} Devices of the wireless commanications system 100 (e g, base stations 105 or
UEs 115) may have a hardware configuration that supports communigations over a particular

20 carrier bandwidth, or may be configurable to support communications over one of a set of
carrier bandwidths. In some examples, the wireless communications system 100 may include
base stations 105 and/or UEs 1135 that can support simultaneous commumications via carriers
associated with more than one different carrier bandwidth. Wircless communications system
100 may support communication with a UE 1135 on multiple cells or carriers {e.g., cach

25 associated with a particular numerology, where the numerology of a carrer may be
determined by the bandwidth part spanned by the carner), a feature which may be referred to
as carnier aggregation or multi-carrier operation. A UE 113 may be configured with multiple
downlink component carriers and one or more uplink component carriers according to a
carrier aggregation configuration. Carrier aggregation may be used with both FDD and TDD

30 component carriers.
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{06658] In some cases, wireless communications system 100 may utilize enhanced
component carriers. An enhanced component carrier may be charactenized by one or more
features mncluding wider carrier or frequency channel bandwidth, shorter symbol duration,
shorter TTH duration, or modified control channel configuration. A shotter symbol duration
mayv be associated with increased spacing between adjacent subcarriers. In some cases, an
enhanced component carrier may be associated with a carrier aggregation configuration or a
dual connectivity configuration {(€.g., when multiple serving cells have a suboptimal or non-
ideal backbau! link). An enhanced component carricr may also be configured for use in
unlicensed spectrum or shared spectrum {(e.g., where more than one operator is allowed to usc
the spectrum). An enhanced component carrier characterized by wide carrier bandwidth may
mehude one or more segments that may be otilized by UEs 115 that are not capable of
monitoring the whole carnier bandwidth or are otherwise configured to use a imited carricr

bandwidth {¢.g., to conserve power}.

{06059] The use of carricr aggregation may allow a base station 103 to increase the
bandwidth used to communicate with a UE 115, To provide additional flexability, the base
station 105 may be configured to deactivate one or more carriers {¢.g., secondary cells) or
transition the one or more carriers to a dormant state to adapt to traffic patierns associated
with communications with a UE 113 {e.g., to adapt to bursty traffic patterns). When a carrier
is active {¢.g., during active traffic burst periods), the base station 105 may schedule
commumications with the UE 115 on the carrier. In some cases, however, the base station 105
may not be able to schedule communications with the UE 115 on successive slots on a carmer
{i.c., some slots on the carmer may not include a grant for the UE 115). For mmstance, the base
station 105 may schedule commumnications with the UE 115 on one slot, and the base station
105 may schedule communications with another UE 115 1n a next slot. In such cases, it may
be appropriate for the UE 115 to transttion an RF chain to a sleep mode durning slots where

the UE 115 is unscheduled.

{0069] For inter-band carricr aggregation, where different RF chains arc used for
communications on different carviers, a UE 115 may be able to transition an RF cham used to
communicate on a carrier to a sleep mode during slots where the UE 115 13 unschedualed on
the carrier. That is, the UE 115 may be able to determing when to transition an RF chain vsed
to communicate on a carrier to a sleep mode based on its scheduling. For mira-band carrier

aggregation, however, a conumon RF chain {or digital tranaceiver (DTR})) may be used for
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communications on multiple carriers, and a UE 115 may not be able to transition the common
RF chain 1o a sleep mode during slots where the UE 115 1s unscheduled on one of the
multiple carricrs and the UE 115 is scheduled on another one of the multiple carriers. That is,
the common RF chain may have to be fully active even when a single carrier of the multiple
carriers is being used to communicate with a base station 105 durning a slot. Accordinglv, the
UE 115 mav not be able to transition the common RF chain to a sleep mode unless the UE
115 1s not scheduled to communicate on all of the multiple carriers on which the RF chain is

used 10 communicate.

{6061} FI¢. 4 illustrates an example of resources 400 used for communications between
a base station 105 and a UE 115 on multiple carriers 405 for intra-band carrier aggregation in
accordance with aspects of the present disclosure. In the example of FIG. 4, a base station
103 mayv communicate with a UE 115 using a common RF chain on a first carrier 405-aand a
second carrier 405-b, where the first carrier 405-a and the second carrier 405-b may be within

a same frequency band (1.¢., intra-band carrier aggregation).

{6662} The UE 115 may receive an indication (e.g., in a first control channel 410-a} on
the first carrier 405-a that the UE 115 is unscheduled in a set of symbols 415-a (e g, the UE
115 may fail to recetve a grant for conununications i the set of symbols 415-a). However,
because the UE 115 may be scheduled (¢.g., based on an indication received in the second
control channel 410-b) to communicate on the same set of symbols 415-a on the second
carrier 405-a, the UE 115 may not be able to transition the common RF chain to a slecp mode
for the duration of the set of symbols 415-a. Similarly, although the UE 115 may be
unscheduled {e.g., based on an indication received in control channel 410-d) m a set of
symbols 415-b on a second carmer 405-b, the UE 115 may not be able to transition the
cormnmon RF chain to a sleep mode for the duration of the set of symbols 4135-b since the UE
113 mayv be scheduled {e.g., via an indication received in control channel 410-¢c) to
communicate on the set of symbols 415-b on the fivst carrier 405-a. Wireless communications
system 100 may support efficient techniques for scheduling communications between a base

station 105 and a UE 113 to maximize power savings at the UE 1135,

{0063] FI1G. 8 illustrates an exarople of a wircless conmmunications systern 500 that
supports synchronized scheduling for carner aggregation in accordance with aspects of the

present disclosure. Wireless communications system 500 includes base station 105-a, which
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may be an example of a base station 105 described with reference to FIGs. 1-4. Wireless
communications system 300 also mecludes UE 115-a, which may be an example of a UE 115
described with reference to FIGs. 1-4. Base station 105-a may provide communication
coverage for a respective coverage arca 110-a, which may be an example of a coverage area
110 described with reference to FIG. 1. Base station 105-a may communicate with UE 115-a
on multiple aggregated camiers {¢.g., using carrier aggregation). Wireless communications
system 500 may implement aspects of wireless communications system 100, For example,
wircless communications systemn 500 may support efficient techniques for scheduling
communications between base station 105-a and UE 115-a to maximize power savings at UE
115-a. It 13 to be understood that the techniques described herein are applicable for both mitra-

slot and cross-slot scheduling.

(3064} In the example of FIG. 5, base station 105-a may transmit a carner aggregation
configuration to UE 115-a to configure UE 1135-a for commanications on multiple carriers.
UE 115-a may then identity one or more preferred groups of carriers for synchronized
scheduling at the base station 105-a, and UE 115-a mayv transmit an mdication 305 of the
preferred groups of carriers to base station 105-a (¢ g., via RRC signaling}. The preferred
groups of carriers may cach represent a recommendation of carriers to be scheduled for
communications between base station 103-a and UE 115-a on overlapping time resources.
For mstance, each of the preferred groups of carriers may correspond to a group of carriers
associated with a common RF chain at UE 113-a (i.¢., the group of carriers on which the UE
115-a may communicate with a common RF chain}. The scheduling of communications on
carriers on overlapping time resources may be referred to as synchromzed scheduling and
may allow UE 115-a to transition a cormmmon RF cham used to communicate on the carriers to

a sleep mode when UE 115-a 1s unscheduled on the carriers.

[3065] Base station 105-a may receive the indication 505 of the preferred groups of
carriers for svnchronized scheduling, and base station 105-a may transmit DCE 510 0 UE
115-a to schedule communications based on the preferred groups of carriers. {n some cases,
base station 103-a may use the preferred groups indicated by UE 115-a to perform the
synchronized schedaling. In other cases, however, base station 105-a may identify different
{c.g., actual} groups of carriers to use to porform the synchronized scheduling. For example,
it a preferred group of carriers includes carrier O, carrier 1, and carrier 2, base station 103-a

may deternune that this grouping may not be feasible, and base station 105-a may identify a



10

20

WO 2020/037457 PCT/CN2018/101278

20

first group of carriers including carner § and carrier 1 for synchronized scheduling and a
second group of carriers including carrier 2 for synchronized scheduling. In such cases, base
station 103-a may indicate the different groups of carners (i.¢., the final grouping
mformation} to UE 115-a. Additionally, base station 105-a may transmit HARG feedback

{c.g., an ACK or NACK) indicating whether the indication 305 was successfully recetved.

{(3066] Since base station 105-a may attempt to schedule communications on carriers
associated with a common RF chain at a UE 115-a at the same time (i.¢., based on the carrier
groupings), 1f may be uniikely that the UE 115-a1s scheduled to communicate on one carrier
and unscheduled to communicate on another carrier. That is, it may be more likely that the
UE 115-a s scheduled to communicate on the carriers associated with the common RF chain
at the same fime and that the UE 113-a is unscheduled to communicate on the carriers
associated with the common RF chain at the same time. As a result, the UE 115-2 mayv have
more opportunities to transition the common RF chain to a sleep mode to save power, and

power savings at the UE 115-a may be maximized.

{8067} FIG., 6 illustrates an example of resources 600 used for synchromzed
communications between a base station 105 and a UE 115 on multiple carriers 605 associated
with the same numerology in accordance with aspects of the present disclosure. In the
example of FIG. 6, UE 115-a may be configured to communicate on a first carrier 605-a and
a second carrier 605-b using a common RF chain, where the first carnier 603-a and the second
carricr 605-b may be within a same frequency band (i.¢., intra-band carrier aggregation). To
maximize power savings at the UE 115-a, base station 105-a may use the techniques
described herein to schedule UE 113-a for synchronized communications on the first carrier
605-a and the second carrier 605-b. That is, base station 105-a may group the first carrier
605-a and the second carrier 605-b for synchronized scheduling (¢.g., based on an indication

of preferred groups for synchronized scheduhing recetved from UE 113-a).

[0068] UE 115-a may receive an indication {¢.g., in a first control channel 610-a) on the
first carner 605-a that the UE 115-a 1s unscheduled 1n a set of symbols 615-a on the first
carrier 605-a, and UE 115-a may receive another indication {e.g., 1n a second control channel
610-b} on the second carrier 605-b that the UE 115-a 1s also unscheduled 1n the set of
symbols 615-a on the second carrier 603-b. Thus, UE 115-a may transition the common RF

chain used to communicate on the first carrier 605-a and the second carner 605-b to a sleep
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mode to save power for the duration of the set of symbols 615-a. UE 115-a may then receive
an indication {¢.g.. in a third control channel 610-¢) that the UE 115-a 15 scheduled to receive
data in a set of symbols 615-b on the first carrier 605-a, and UE 115-a may receive another
mdication {¢.g., in a fourth control channel) that the UE 115-a 13 scheduled to receive data in
the set of symbols 615-b on the second carrier 605-b. Thus, UE 115-2 may keep the common
RF chain active to receive the data in the set of svmbols 615-b on the first carmer 605-a and

the second carrier 603-b.

{8069] In the example of FIG. 6, base station 103-a may be able to svnchronize
communications with UE 115-a on the first carrier 605-a and the second carnier 605-b to
maximize power savings at UE 115-a. In other examples. however, base station 105-a may be
unable to synchronize conwnunications on the first carrier 605-a and the sccond carrier 605-b.
In such examples, since UE 115-a may determine whether to transition a common RF chain
to a sleep mode based on whether the DCT received on carriers 605-a and 605-b schedules
communications on these carriers {i.¢., the RF sleep decision may be based on the DBCI), UE
115-a may be able to keep an RF chain active to communicate on one carrier even if the UE
115-a 1s not scheduled to commumicate on another carrier. That 1s, the svnchronized
scheduling for UE 115-a may not be static. Instead, the base station 105-a may attempt to
perform synchronized scheduling (i.¢., the synchronized scheduling may be a best effort by
the base station 105-a), and 1t the base station 105-a 1s unable to perform synchronized
scheduling, the UE 115-a may still be able to adapt to communicate on ong or more carriers

or transition an RF chain to a sleep mode to save power.

{8670} FIG, 7 illustrates an example of resources 700 used for synchromzed
communications between a base station 105 and a UE 115 on multiple carriers 705 associated
with different mamerologics in accordance with aspects of the present disclosure. In the
example of FIG. 7, UE 115-a may be configured to communicate on a first carrier 705-a
assoctated with one numerology (g, characterized by a subcarrier spacing of 15 kHzy and a
second carrier 705-b associated with another numerology {c.g., characterized by a subcarrier
spacing of 30 kHz) using a common RF cham, where the first carvier 705-a and the second
carrier 705-b may be within a same frequency band (i.c., intra-band carrier aggregation). To
maximize power savings at the UE 115-a, base station 105-a may use the technigues
described herein to schedule UE 115-a for synchronized comomunications on the first carrier

705-a and the second carrier 705-b. That 1s, base station 105-a may group the first carrier
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703-a and the second carrier 705-b for synchronized scheduling (¢ .g., based on an mdication

of preferred groups for synchromized scheduling received from UE 115-a).

{6671} Singe carrier 705-a and carrier 705-b may be associated with different
numerologies, the duration of time slots on these carriers may be different. For example, a
slot on carrier 705-3 may span two slots on carrier 705-b. Accordingly, it may be challenging
for a base station 105-a to synchronize communications on the first carner 705-a and the
second carnier 705-b. As described herein, to allow the base station 105-a to efficiently
synchronize communications on the first carricr 705-3 and the second camier 705-b,
communications on the second carrier 703-a {i.¢., the carrier associated with a shorter slot
duration) may be scheduled based on commumnications on the first carrier 705-b {ic., the
carrier associated with a larger slot duration). That 1s, 1f 2 slot on the first carrier 705-a is
scheduled for communications, an overlapping slot on the second carner 705-b may also be
scheduled. However, if a slot on the first carrier 705-a 1s unscheduled for communications, an
overlapping slot on the second carrier 705-b may not be scheduled and controd information
may not be expected on the second carrier 705-b for the duration of the slot on the first carrier

705-a.

{072} UE 1 15-a may receive an indication {e.g., in a first control channel 710-a) on the
first carrier 705-a that the UE 115-a 13 unscheduled for communications on a set of symbols
715-a. Thus, UE 115-a may determine that the UE 115-a is also unscheduled for
communications on a set of svmbols 720-a on the second carrier 705-b {e.g., regardless of
whether the DCI received in a second control channel 710-b indicates that the UE 1135-a1s
scheduled or unscheduled on the set of symbols 720-a). Thus, UE 115-3 may transition the
common RF chain used to communicate on the first carrier 705-a and the second carrier 703-
b to a sleep mode to save power, and UE 115-a may not expect to receive control information
mn a third control channel 710-¢. UE 115-a may then receive an indication {(e.g., wn a fourth
control channel 710-d) that the UE 115-a 13 scheduled to receive data in a set of symbol 715-
b on the first carrier 705-a, and UE 115-a may receive another indication {c.g., in a fifth
control channel 710-e) that the UE 115-a 15 scheduled to receive data in a set of symbols 720-
b on the second carrier 705-b. Thas, UE 115-a may keep the common RF chain active to
receive the data in the set of symbols 715-b on the first carrier 705-a and o the sct of symbols
720~b on the second carrier 703-b. UE 115-a may then receive another indication {c.g., in a

sixth control channel 710-) on the second carner 705-b that the UE 115-a 15 unscheduled for
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commumications on a set of symbols 720-c. However, because the set of symbols 720-c on
the second carner may overlap with the set of symbols 715-b on the first carrier, UE 115-a

may not be able to transition the common RF cham fo a sleep mode duning the set of symbols

[6073] Figs. 8 shows a block diagram 800 of a device 803 that supports synchronized
scheduling for carrier aggregation in accordance with aspects of the present disclosure. The
device 805 may be an example of aspects of a UE 115 as described herein. The device 805
may include a receiver 810, a communications manager 815, and a transnutter 820. The
device 803 may also include a processor. Each of these components may be in

communication with one anocther {e.g., via one or more buses).

{6074} The recetver 810 may receive information such as packets, user data, or control
mformation associated with various information chanuels (¢.g.. control channels, data
channels, and information related to svnchronized scheduling for carrier aggregation, etc.).
Information may be passed on to other components of the device 803, The receiver 8§10 may
be an example of aspects of the transceiver 1120 described with reference to FIG. 11, The

receiver 810 may utilize a single antenna or a set of antennas.

[B075] The communtcations manager 815 may receive a carricr aggregation
configuration message from a base station mdicating a set of carriers configured for
communications with the base station, group the set of carriers mto one or more preferred
groups, the one or more preferred groups representing a recommendation that carriers within
a preferred group are to be scheduled for communications with the base station on at least
partially overlapping time resources, and transnut an indication to the base station of the one
or more preferred groups of the set of carriers. The communications manager 813 may be an

example of aspects of the communications manager 1110 described herein.

[6676] The communications manager 813, or its sub-components, may be tmplemented in
hardware, code (e.g., software or firmware) executed by a processor, or any combination
thereof. If implemented in code executed by a processor, the finctions of the communications
manager 815, or its sub~-components may be exccuted by a general-purpose processor, a DSP,
an application-specific integrated circuit (ASIC), a FPGA or other programmable logic
device, discrete gate or transistor logie, diserete hardware components, or any combination

thereof designed to perform the functions described n the present disclosure.
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{6677] The communications manager 813, or its sub-components, may be physically
located at various positions, including being distributed such that portions of functions are
mnplemented at different physical locations by one or more physical components. In some
examples, the communications manager 815, or its sub-components, may be a separate and
distinct component in accordance with various aspects of the present disclosure. In some
examples, the communications manager 815, or its sub-components, may be combined with
one or more other hardware components, including bat not imited to an inpot/output {I/0}
component, a transceiver, a network server, another computing device, one or nore other
components described n the present disclosure, or a combination thereof n accordance with

various aspects of the present disclosure.

{0078] The transmitter 820 may transmit signals gencrated by other components of the
device 8035, In some examples, the transmiiter 820 may be collocated with a receiver 810 in a
transceiver module. For example, the transmuitter 820 may be an example of aspects of the
transceiver 1120 described with reference to FIG. 11, The transmitter 820 may utilize a single

anfenna or a set of antennas.

{6679} FI1G. 9 shows a block diagram 900 of 3 device 903 that supports synchronized
scheduling for carrier aggregation in accordance with aspects of the present disclosure. The
device 905 may be an example of aspects of a device 805, or a UE 1135 as described herein.
The device 905 may nciude a receiver 910, a communications manager 915, and a
transmitter 930. The device 905 may also include a processor. Each of these components may

be in communication with one another (e.g., via one or more buses).

{0080 The recerver 910 may receive information such as packets, user data, or control
mformation associated with various information channels {¢.g., control channels, data
channels, and information related to synchronized scheduling for carrier aggregation, gtc.).
Information may be passed on to other components of the device 965. The receiver 910 may
be an cxample of aspects of the transceiver 1120 described with reference to FIG. 11, The

recerver 910 may utilize a single antenna or a set of antennas.

{0081} The communications manager 915 may be an exarmaple of aspects of the
communications manager 815 as described herein. The communications manager 915 may

mclade a carrier aggregation configuration manager 920 and a carrier grouping manager 925
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The communications manager 915 may be an example of aspects of the communications

manager 1110 described herein.

{8082} The carrier aggregation configuration manager 920 may receive a carrier

aggregation configuration message from a base station indicating a set of carriers configured

(]

for communications with the base station. The carrier grouping manager 925 may group the
set of carriers into one or more preferred groups, the one or more preferred groups
representing a recommendation that carriers within a preferred group are to be scheduled for
communications with the base station on at least partially overlapping time resources and
transmit an indication to the base station of the one or more preferred groups of the set of

10 carriers.

[3083] The transmitter 930 may transnt signals generated by other components of the
device 905, In some examples, the transmitter 930 may be collocated with a receiver 910ina
transceiver module. For example, the transmitter 930 may be an example of aspects of the
transceiver 1120 described with reference to FIG. 11, The transmitter 930 may utilize a single

15 anfenna or a set of antennas.

[(084] FIG. 10 shows a block diagram 1000 of a communications manager 1005 that
supports synchronized scheduling for carrier aggregation in accordance with aspects of the
present disclosure. The communications manager 1005 may be an example of aspects of a
communications manager 815, a communications manager 915, or a communications

20 manager 1110 descrbed herein. The communications manager 1005 may include a carnier
aggregation configuration manager 1010, a carrier grooping manager 1013, a BCY manager
1020, a RF chain manager 1023, and 2 HARQ manager 1030, Each of these modules may

communicate, directly or indirectly, with one ancther {¢.g., via one or more buses}.

{085] The carmrier aggregation configuration manager 1010 may receive a carnier

25  aggregation configuration message from a hasc station indicating a set of carriers configured
for communications with the base station. In some cases, the set of carriers are within a same
frequency band. The carner grouping manager 1015 may group the set of carriers into one or
maore preferred groups, the onc or more preferred groups representing a recommendation that
carners within a preferred group are to be scheduled for communications with the base

30 station on at least partially overlapping time resources. In some examples, the carrer
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grouping manager 1015 may transmit an indication to the base station of the one or more

preferred groups ot the set of camers.

{0086} In some examples, the carrier grouping manager 1015 may receive an indication
of one or more actual groups of the set of carniers, the one or more actual groups being
determined based on the one or more preferred groups and representing actual groupings of
carriers that are to be scheduled for communications with the base station on at least partially
overlapping tune resources. In some examples, the carrier grouping manager 1015 may
communications in a time slot on a first carrier associated with a first numerclogy are
schedaled based on commaunications scheduled in the time slot on a second carrier associated
with a second numerclogy, the second nomerclogy being associated with a larger time slot
duration than the first numerology. In some cases, a group of the one or more actual groups
meludes carriers associated with a same numerology. In some cases, a group of the one or
more actual groups includes af least two carners associated with different numerologies. In

some cases, the mdication is transmitted m RRC signaling.

{6087} The DU manager 1020 may receive DCI for carriers within a group of the one or
more actual groups, the BT indicating that none of the carriers within the group include
dowunlink data for the UE m a time slot. In some examples, the DCI manager 1020 may
receive DCE for carriers within a groap of the one or more actual groups, the BCH for a carrier
being within a first time slot and scheduling communications i the first time slot or in a later
time slot. The RF chain manager 1025 may transition a radio frequency chain of the UE and
associated with the preterred group to a sieep mode untid at least an end of the time slot. The
HARQ manager 1030 may receive feedback from the base station indicating whether the base

station suceesstully received the indication.

[3088] FIG. 11 shows a diagram of a system 1100 including a device 1105 that supports
synchronized scheduling for carnier aggregation 1n accordance with aspects of the present
disclosure. The device 1105 may be an cxample of or include the corponents of device 803,
device 903, or a UE 115 as described herein. The device 11035 may include components for
bi-directional voice and data communications including components for transmitting and
recelving communications, including a communications manager 1110, an VO controller
1115, atransceiver 1120, an antenna 1123, memory 1130, and a processor 1140, These

components may be in electronic communication via one or more buses {c.g., bus 1145}
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{06089] The communications manager 1110 may receive a carricr aggregation
configuration message from a base station indicating a set of carriers configured for
communications with the base station, group the set of carriers into one or more preferred
groups, the one or more preferred groups representing a recommendation that carners within
5  apreferred group are to be scheduled for conumunications with the basc station on at least
partially overdapping time resources, and transmit an indication to the base station of the one

or more preferred groups of the set of carriers.

{8634} ¢ /O controller 1115 may manage imput and output signals for the device 1105,
The /0 controlier 1115 may also manage peripherals not integrated into the device 1105. In

10 some cases, the /0 controller 1115 may represent a physical conngction or port to an external
peripheral. In some cases, the I/0 controller 1115 may utilize an operating system such as
10S®, ANDROID®, MS-DOS®, MS-WINDOWS®, 08/2®, UNIX®, LINUX®, or another
known operating system. In other cases, the /0 controller 1115 may represent or interact
with a modem, a kevboard, a mouse, a touchscreen, or a similar device. In some cases, the

15 1/O controller 1115 may be implemented as part of a processor. In some cases, a user may
mteract with the device 1105 via the /0 controller 1115 or via hardware components

controlled by the 1O controller 1115,

6091} The transceiver 1120 may communicate bi-directionally, via ong or more
antennas, wired, or wireless links as described above. For example, the transceiver 1120 may
20 represent a wireless transceiver and may comununicate bi-dircctionally with another wireless
transceiver. The transceiver 1120 may also include a modem to modulate the packets and
provide the modulated packets to the antennas for transmission, and to demodulate packets

received from the antennas.

6092} In some cases, the wireless device may mclhude a single antenna 1125, However,

N
W

i some cases the device may have more than one antenna 1125, which may be capable of

concurrently transmitiing or receiving multiple wircless transmissions.

{6693} The memory 1130 may include random-access memory {(RAM) and read-only
memory {(ROM). The memory 1130 may store computer-readable, computer-executable code
1135 includmg mstructions that, when executed, cause the processor to perform various

30 functions described herein. In some cases, the memory 1130 may contain, among other
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things, a BIOS which may control basic hardware or software operation such as the

mteraction with peripheral components or devices.

{0694} The processor 1140 may mnclude an intelligent hardware device, {2.g., a general-

purpose processor, a DSP, a CPU, a microcontroller, an ASIC, an FPGA, a progranumnable

(]

logic device, a discrete gate or transistor logic component, a discrete hardware component, or
any combination thereof). In some cases, the processor 1140 may be counfigured to operate a
memory array using a memory controlier. In other cases, a memory controller may be
mtegrated into the processor 1140, The processor 1140 may be configured to execute
computer-readable instructions stored in a memory {(¢.g., the memory 1130} to cause the

10 device 1105 to perform various functions {¢.g., functions or tasks supporting synchronized

scheduling for carrier aggregation).

10695] The code 1135 may include mnstructions to mmplement aspects of the present
disclosure, mcluding mstructions to support wireless comnwnications. The code 1135 may be
stored in a non-transitory computer-readable medium such as system memory or other type of
15 memory. In some cases, the code 1135 may not be directly executable by the processor 1140
but may cause a computer {¢.g., when compiled and exccuted) to perform functions described

heremn.

[6096] FIG. 12 shows a block diagram 1200 of a device 1205 that supports synchronized
scheduling for carrier aggregation in accordance with aspects of the present disclosure. The
20 device 1205 may be an example of aspects of a base station 105 as desenibed herein. The
device 1205 may include a receiver 1210, a communications manager 1215, and a transmiiter
1220. The device 1205 may also include a processor. Each of these components may be in

communication with one another {e.g., via one or more buses).

10697] The recetver 1210 may receive information such as packets, user data, or control
25 information associated with various information channels {¢.g., control channels, data
channels, and information related to synchronized scheduling for carrier aggregation, etc.).
Information may be passed on to other components of the device 1205. The receiver 1210
may be an example of aspects of the transceiver 1520 described with reference to FIG. 15,

The receiver 1210 may utilize a single antenna or a set of anteonas,

36 [6098] The communications manager 1215 may transmit a carrier aggregation

contiguration message to a UE indicating a set of carriers configured for communications
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with the UE, group the set of carriers into one or more groups, the one or more groups
representing groupings of carriers that are 1o be scheduled for communications with the UE
on at least partially overlapping time resources, and schedule communications with the UE on
the set of carriers based on the grouping. The communications manager 1215 may be an

5 example of aspects of the convnunications manager 1510 described berein.

[(6099] The communications manager 1215, or its sub-components, may be implemented
m hardware, code {e.g.. software or finrmware) executed by a processor, or any combination
thereot. If implemented n code executed by a processor, the functions of the communications
manager 1215, or s sub-components may be exccuted by a general-purpose processor, a

10 DSP, an application-specific integrated circuit {ASIC), a FPGA or other programmable logic
device, discrete gate or transistor logic, discrete hardware components, or any combination

thereof designed to perform the functions described 1 the present disclosure.

{0104} The communications manager 1215, or its sub-components, may be physically
located at various positions, including being distributed such that portions ot functions are

15 mmplemented at different physical locations by one or more physical components. In some
examples, the communications manager 1215, or ifs sub-components, may be a separate and
distinct component in accordance with various aspects of the present disclosure. In some
gxamples, the communications manager 1215, or its sub-components, may be combmed with
one of more other hardware components, mcluding bat not imited to an inpot/output (I/0}

20 component, a transceiver, a network server, another computing device, one or nore other
components described n the present disclosure, or a combination thereof in accordance with

various aspects of the present disclosure.

{101} The transmitter 1220 may transmut signals generated by other components of the

device 1205 In some examples, the tranamitter 1220 may be collocated with a recetver 1210

N
W

i a transceiver module. For example, the transmitter 1220 may be an example of aspects of
the transceiver 1520 described with reference to FIG. 15, The transmitter 1220 may utilize a

single antenna or a set of anfennas.

[0102] F1G. 13 shows a block diagram 1300 of a device 1305 that supports synchronized
scheduling for carrier aggregation in accordance with aspects of the present disclosure. The
30 device 1305 may be an example of aspects of a device 1205, or a base station 105 as

described herein. The device 1305 may include a receiver 1310, a communications manager
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1315, and a transmutter 1335, The device 1303 may also include a processor. Hach of these

components may be in communication with one another {¢.g., via one or more buses).

{0103} The recerver 1310 may receive information such as packets, user data, or control
mformation associated with various information channels {¢.g., control channels, data
channels, and information related to synchronized scheduling for carrier aggregation, gtc.).
Information may be passed on to other components of the device 1305, The receiver 1310
may be an exarple of aspects of the transceiver 1520 described with reference to FIG. 15

The receiver 1310 may utilize a single antenna or a set of antennas.

[3104] The communications manager 1315 may be an example of aspects of the
communications manager 1215 as described herein. The communications manager 1315 may
mnclade a carrier aggregation configuration manager 1320, a carrier grouping manager 1325,
and a scheduler 1330. The communications manager 1315 may be an example of aspects of

the communications manager 1510 described herein.

{8105} The carrier aggregation configuration manager 1320 may transmit a carrier
aggregation configuration message to a UK indicating a set of carriers configured for
coromunications with the UE. The camer grouping manager 1325 may group the set of
carriers into one or more groups, the one or more groups representing groupings of carriers
that are to be scheduled for communications with the UE on at least partially overlapping
time resources. The scheduler 1330 may schedule communications with the UE on the set of

carriers based on the grouping.

[0106] The transmitter 1335 may transmtt signals gencrated by other components of the

device 1305, In some examples, the transmitter 1335 may be collocated with a receiver 1310

in a transceiver module. For example, the transmitter 1335 may be an example of aspects of
-

the transceiver 1520 described with reference to FIG. 15, The transoutter 1335 may utilize a

single antenna or a sct of antennas.

{6107} FIG. 14 shows a block diagram 1400 of a communications manager 1405 that
supports synchronized scheduling for carrier aggregation in accordance with aspects of the
present disclosure. The communications manager 1405 may be an exampie of aspects ofa
communications manager 1213, a communications manager 1315, or a commanications
manager 1510 described herein. The communications manager 1405 may include a carricr

aggregation configuration manager 14190, a carrier grouping manager 1415, a scheduler 1420,
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a HARQ manager 1425, and a DCI manager 1430. Each of these modules may communicate,

directly or indirectly, with one another {e.g., via one or more buses}.

{8108} The carrier aggregation configuration manager 1410 may transmit a carrier
aggregation configuration message to a UK indicating a set of carriers configured for
communications with the UE. In some cases, the set of carriers are within a same frequency
band. The carricr grouping manager 1415 may group the set of carricrs nto one or mors
groups, the one or more groups representing groupings of carriers that are to be scheduled for
communications with the UE on at least partially overlapping time resources. In some
examples, the carrier grouping manager 1415 may receive an indication from the UE of one
or more preferred groups of the set of carriers, the one or more preferred groups representing
a recommendation that carriers within a preferred group are to be scheduled for

communications with the UE on at least partially overlapping resources.

{0109} In some cxamples, the carricr grouping manager 1415 may group the set of
carriers into one or more groups based on the one or more preferred groups. In some cases,
the indication is received 1n RRC signaling. In some cases, a group of the one or more groups
mchudes carriers associated with a same mumerology. In some cases, a group of the one or
maore groups includes at least two carriers associated with different numerologies. The
scheduler 1420 may schedule commumications with the UE on the set of carriers based on the
grouping. fn some examples, the scheduler 1420 may scheduole communications in a time slot
on a first carrier assoctated with a first numcrology based on conumunications scheduled in
the time slot on a second carrier associated with a second numerology, the second

numerology being associated with a larger slot daration than the first mimerology.

[3116] The HARQ manager 1425 may transmit feedback to the UE indicating whether
the base station successtully received the indication. The DCI manager 1430 may transmit
DCI for carriers within a group, the DU indicating whether downlink data is included in a
time slot for the UK on a respective carrier. In some cases, the DCI for a carrier 1s within a

first time slot and schedules compunications n the first time slot or in a later time slot.

{0111} F1G. 15 shows a diagram of a system 1300 including a device 1503 that supports
synchromzed scheduling for carmer aggregation in accordance with aspects of the present
disclosure. The device 1505 may be an example of or include the components of device 1205,

device 1305, or a base station 103 as described herein. The device 1505 may include
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components for bi-directional voice and data communications including componentis for
transmitting and receiving communications, including a communications manager 1510, a
network communications manager 1515, a transcetver 1520, an antenna 1525, memory 1530,
a processor 1340, and an inter-station communications manager 1543, These components

5 may be n electronic communication via one or more buses {e.g., bus 1550).

{6112} The communications manager 1510 may transmit a carrier aggregation
configuration message to a UE indicating a set of carriers configured for conununications
with the UE, group the set of carners into one or more groups, the one or more groups
representing groupings of carriers that are to be scheduled for communications with the UE
10 on at least partially overlapping time resources, and schedule communications with the UE on

the set of carriers based on the grouping.

[G113] The network communications manager 1515 may manage communications with
the core network (e.g., via one or more wired backhaul links}. For example, the network
communications manager 1515 may manage the transfer of data communications for chent

15  devices, such as one or more UEs 113,

[3114] The transceiver 1520 may communicate bi~directionally, via ong or more
antennas, wired, or wireless finks as described above. For example, the transceiver 1520 may
represent a wireless transceiver and may communicate bi-directionally with another wireless
transceiver. The transceiver 1520 may also melude a modem to modulate the packets and

20 provide the modulated packets to the antennas for transmission, and to demodulate packets

received from the aniennas.

[3115] In some cases, the wireless device may include a single antenna 1523, However,
in some cases the device may have more than one antenna 1525, which may be capable of

concurrenily transmitting or receiving multiple wircless transmissions.

25 [0116] The memory 1530 may include RAM, ROM, or a combination thereof. The
memory 1530 may store computer-readable code 15335 including instructions that, when
cxecuted by a processor (¢.g., the processor 1340) cause the device to perform various
functions described herein. In some cases, the memory 1530 may contain, among other
things, a BIOS which may control basic hardware or software operation such as the

30 interaction with peripheral components or devices.
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{6117} The processor 1540 may melude an mtelligent hardware device, {¢.g., a general-
purpose processor, a DSP, a CPU, a microcontroller, an ASIC, an FPGA, a programmable
logic device, a discrete gate or transistor logic component, a discrete hardware component, or
any combination thereof}. In some cases, the processor 1540 may be configured to operate 3
5 memory array using a memory controller. In some cases, a memory controller may be
miegrated into processor 1340, The processor 1340 may be configured to execute computer-
readable ostructions stored in a memory {¢.g., the memory 1330} to cause the device
#{device} to perform various functions (e.g., functions or tasks supporting synchronized

scheduling for carrier aggregation).

10 [0118] The mter-station communications manager 1345 may manage communications
with other base station 105, and may nclude a controller or scheduler for controlling
coromunications with Uls 115 in cooperation with other base stations 105. For example, the
mter-station communications manager 1545 may coordmate scheduling for transmissions to
UEs 115 for various mterference mitigation technigues such as beamforming or joint

15 transmussion. In some examples, the inter-station communications manager 1543 may
provide an X2 interface within an LTE/LTE-A wireless conimunication network technology

to provide communication between base stationg 105,

[3119] The code 1535 may mclude instructions to implement aspects of the present
disclosure, including tnstructions to support wirgless communications. The code 1535 may be
20 stored in a non-transitory computer-readable medium such as system memory or other fype of
memory. In some cases, the code 1535 may not be directly executable by the processor 1540
but may cause a computer (¢.g., when compiled and executed) to perform fimetions described

herein.

4120} FIG. 16 shows a flowchart illustrating a method 1600 that supports synchronized

N
W

scheduling for carrier aggregation in accordance with aspects of the present disclosure. The
operations of method 1600 may be implemented by a UE 115 or its components as described
herein. For example, the operations of method 1600 may be performed by a comnumications
manager as described with reference to FIGs. 8 through 11, In some examples, a UE may
execute a set of instractions to control the fimctional elements of the UE to perform the

36 functions described below. Additionally or alternatively, a UE may perform aspecis of the

functions described below using special-purpose hardware.
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0121} At 1603, the UE may recetve a carner aggregation configuration message from a
base station indicating a set of camers configured tor communications with the base station.
The operations of 1605 may be performed according to the methods described herein. In
some examples, aspects of the operations of 1605 may be performed by a carrier aggregation

configuration manager as described with reference to FiGs. 8 through 11,

13122} At 16190, the UE may group the set of carriers into one or more preferred groups,
the one or more preferred groups representing a recomumendation that carviers within a
preferred group are to be scheduled for commumications with the base station on at least
partially overlapping time resources. The operations of 1610 may be performed according to
the methods described herein. In some examples, aspects of the operations of 1610 may be

performed by a carrier grouping manager as described with reference to F1Gs. 8 through 11.

[0123] At 1615, the UE may transmit an indication to the base station of the ong or more
preferred groups of the set of carriers. The operations of 1615 may be performed according to
the methods described heremn. In some examples, aspects of the operations of 1615 may be

performed by a carrier grouping manager as described with reference to FIGs. 8 through 11

[0124] FiGs. 17 shows a flowchart illustrating a method 1700 that supports synchronized
scheduling for carrier aggregation in accordance with aspects of the present disclosure. The
operations of method 1700 may be implemented by a base station 105 or its components as
described berein. For exaraple, the operations of method 1700 may be performed by a
communications manager as described with reference to FiGs. 12 through 15, In some
examples, a base station may execute a set of instructions to control the functional elements
of the base station to perform the functions described below. Additionally or alternatively, a
base station may perform aspects of the functions described below using special-purpose

hardware.

01258} At 1703, the base station may transout a carricr aggregation configuration
message to a UE indicating a set of carriers configured for communications with the UE. The
operations of 1705 may be performed according to the methods deseribed herein. fn some
cxamples, aspects of the operations of 17035 may be performed by a carnier aggregation

configuration manager as described with reterence to FiGs. 12 through 15

13126} At 17190, the base station may group the set of carriers into one or more groups,

the one or more groups representing groupings of carriers that are to be scheduled for
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communications with the UE on at least partially overlapping time resources. The operations
of 1710 may be performed according to the methods described herein. In some examples,
aspects of the operations of 1710 may be performed by a carrier grouping manager as

described with reference to FIGs. 12 through 15,

(]

[3127] At 1715, the base station may schedule communications with the UE on the set of
carriers based on the grouping. The operations of 1715 may be performed according to the
methods described hercin. In some examples, aspects of the operations of 1715 may be

performed by a scheduler as described with reference to FiGs. 12 through 15.

[6128] It should be noted that the methods described herein descube possibie
10 implementations, and that the operations and the steps may be rearranged or otherwise
modified and that other implementations are possible. Further, aspects from two or morg of

the methods may be combined.

[8129] Technigues described herein may be used for various wireless communications
systems such as code division multiple access (CDMA), time division multiple access

15 {TDMA), frequency division multiple access (FDMA), orthogonal frequency division
multiple access (OFDMA), single carmier frequency division mulitiple access (SC-FDMA),
and other systems. A CDMA system may mnplement a radio technology such as CBMA2000,
Universal Terrestrial Radio Access {UTRA), etc. COMAZ000 covers 18-2000, 15-95, and 15-
856 standards. 1S-2000 Releases may be commonly referred to as COMAZO00 1X, 1X ctc.

20 15-856 (TIA-856) 15 commonly referred to as COMAZ00G 1xEV-DO, High Rate Packet Data
{HRPD), ctc. UTRA includes Wideband COMA (WCDMA)} and other variants of COMA A
TOMA system may umplement a radio technology such as Global System for Mobile

Communications {GSM).

[3130] An OFDMA system may implement a radio technology such as Ultra Mobhile

25 Broadband (UMB), Evolved UTRA (E-UTRA), Institute of Electrical and Electronics
Engineers (IEEE) 802 .11 (Wi-F1), IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM, etc.
UTRA and E-UTRA are part of Universal Mobile Telecommunications System (UMTS).
LTE, LTE-A, and L'TE-A Pro arc relecases of UMTS that use E-UTRA. UTRA, E-UTRA,
UMTS, LTE, LTE-A, LTE-A Pro, NR, and GSM are described in documents from the

30 orgamization named “3rd Generation Partnership Project” (3GPP). CBDMA2000 and UMB are

described in documents from an organization named “3rd Generation Partnership Project 27
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(3GPP2). The techniques descrnibed herein may be used for the systems and radio
technologies mentioned herein as well as other systems and radio technologies. While aspects
ofan LTE, LTE-A, LTE-A Pro, or NR system may be described for purposes of example,
and LTE, LTE-A, LTE-A Pro, or NR terminology may be used in much of the description,
the technigues deseribed herein are apphicable beyond LTE, LTE-A, UTE-A Pro, or NR

applications.
{0131} A macro cell generally covers a relatively large geographic area {e.g., several

kilometers m radius) and may allow unrestricted access by UEs 115 with service
subscriptions with the network provider. A small cell may be associated with a lower-
powered base station 1063, as compared with a macro cell, and a small cell may operate in the
same or different {¢.g., licensed, unlicensed, otc.} frequency bands as macro cells. Small cells
may include pico cells, femito cells, and micro cells according to various examples. A pico
cell, for example, may cover a small geographic area and may allow unrestricted access by
UEs 115 with service subscriptions with the network provider. A femto cell may also covera
small geographic arca {(¢.g., a home) and may provide restnicted access by UEs 115 having an
association with the fomto cell (e.g., UEs 115 1n a closed subscriber groap (CSG), UEs 115
for users in the home, and the like}). An eNB for a macro cell may be referred to as a macro
cNB. An eNB for a small cell may be referred to as a small cell eNB, a pico ¢NB, a fomito
eNB, or a home eNB. An eNB may support one or multiple (¢.g., two, three, four, and the

like) cells, and may also support commanications using ong or multiple component carriers.

[0132] The wireless communications system 100 or systems described herein may
support synchronous or asynchronous operation. For synchronous operation, the base stations
105 may have similar frame tinung, and transmissions from different base stations 105 may
be approximately aligned in time. For asynchronous operation, the base stations 105 may
have different frame timing, and transmissions from different base stations 103 may not be
aligned in time. The technigues described herein may be used for either synchronous or

asynchronous operations.

[8133] Information and signals described herein may be represented using any of a
variety of different technoclogies and techniques. For example, data, instractions, comumands,

mformation, signals, bits, symbols, and chips that may be referenced throughout the
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description may be represented by voltages, currents, electromagaetic waves, magnetic fields

or particles, optical ficlds or particles, or any combination thereof.

{0134} The various iHustrative blocks and modules described in connection with the

disclosure herein may be implemented or performed with a general-purpose processor, a

(]

digital signal processor {DSP), an application-specific integrated circuit (ASICY, a ficld-
programmable gate array (FPGA) or other programmable logic device (PLDB), discrete gate or
transistor logic, discrete hardware components, or any combination thereof designed to
perform the functions described herein. A general-purpose processor may be a
microprocessor, but in the alternative, the processor may be any conventional processor,

10 controller, mucrocontroller, or state machime. A processor may also be implemented as a
combination of computing devices (¢.g.. a combination of a DSP and a microprocessor,
multiple microprocessors, one or more MICIoprocessors in conjunction with a DSP core, or

any other such configuration}.

{8135} The functions described herein may be implemented in hardware, software

15 executed by a processor, firmware, or any combination thereof. If implemented i software
executed by a processor, the functions may be stored on or transmitted over as one or more
mstructions or code on a computer-readable medium. Other examples and implementations
are within the scope of the disclosure and appended claims. For example, due to the nature of
software, functions deseribed herein can be mmplemented using software executed by a

20 processor, hardware, firmoware, hardwiring, or combinations of any of these. Features
mmplementing functions may also be physically located at various positions, including being

distributed such that portions of functions are implemented at different physical locations.

[6136] Computer-readable media includes both non-transitory computer storage media

and communication media including any medium that facilitates transfer of a computer

N
W

program from one place to another. A non-transitory storage mednum may be any available
medium that can be accessed by a general purpose or special purpose computer. By way of
example, and not limitation, non-transitory computer-readable media may include RAM,
ROM, electrically erasable programmable read only memory (EEPROM), flash memory,
compact disk {CDy ROM or other optical disk storage, maguoetic disk storage or other

36 magnetic storage devices, or any other non-transitory medium that can be used to carry or

store desired program code means in the form of instractions or data structures and that can
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be acoessed by a general-purpose or special-purpose computer, or a general-purpose or
special-purpose processor. Also, any connection is properly 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 sabscriber ling (DSL), or
5 wireless technologies such as infrared, radio, and microwave, then the coaxial cable, fiber
optic cable, twisted pair, DSL, or wircless technologies such as infrared, radio, and
microwave are included in the definition of medium. Disk and disc, as used herein, include
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.

10 Combmnations of the above are also included within the scope of computer-readable media,

{6137 As used herein, mcluding 1n the claims, “or” as used in a list of items {c.g., a list
of items prefaced by a phrase such as “at least one of " or “one or more of ) indicates an
mclusive list such that, for example, alistof atleast one of A, B,or Cmeans AorBor Cor
ABor ACor BCor ABC {ic., A and B and C}. Also, as used herein, the phrase “baged on”

15 shall not be construed as a reference to a closed set of conditions. For example, an exemplary
step that 1s 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 “hased on” shall be construed m the same manner as the phrase

“based at least m part on.”

20 [0138] In the appended figures, similar components or features may have the same
reference label. Further, various components of the same type may be distinguished by
following the reference label by a dash and a second label that distinguishes among the
similar components. If just the first reference label is used in the specification, the description
is applicable to any one of the similar components having the same first reference label

25 respective of the second reference label, or other subsequent reference label.

[6139] The descaption set forth hercin, in connection with the appended drawings,
describes example configurations and does not represent all the examples that may be
mnplemented or that are within the scope of the claims. The term “exemplary”™ used herein
means “serving as an example, nstance, or ithustration,” and not “preferred” or

30 “advantageous over other examples.” The detailed description includes specitic details for the

purpose of providing an understanding of the described techniques. These techniques,
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however, may be practiced withowut these specific details. In some instances, well-known
structures and devices are shown m block diagram form in order to avoid obscuring the

concepts of the described examples.

{0140} 'The description herein is provided to ¢nable a person skilled m the art to make or
use the disclosure. Vanous modifications to the disclosure will be readily apparent to those
skilled in the ait, and the generic principles defined herein may be applied to other vanations
without departing from the scope of the disclosure. Thus, the disclosure is not hmited to the
examples and designs described herem, but is to be accorded the broadest scope consistent

with the principles and novel features disclosed herein.
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CLAIMS
What is claimed is;
I A method for wireless commuication at a user equipment (UE},

comprising:

receiving a carrier aggregation configuration message from a base station
mdicating a phirakity of carriers configured for communications with the base station;

grouping the plurality of carriers into one or more preferred groups, the one or
maore preferred groups representing a recommendation that carriers within a preferred group
arc 1o be scheduled for communications with the base station on at least partially overlapping
time resources; and

transmitting an indication to the basc station of the one or more preferred

groups of the phlurality of carriers.

2. The method of claim 1, further comprising:

receiving an indication of one or more actual groups of the plurality of
carriers, the one or more actual groups being determined by the base station based at lgast in
part on the one or more preferred groups and representing actual groupings of carmers that are
to be scheduled for conununications with the basc station on at least partially overlapping

fime resources.

3. The method of claim 2, further comprnising:

recetving downlink control information (DCI) for carriers within a group of
the one or more actual groups, the DCI indicating that none of the carriers within the actual
group include downlink data for the UE in a time slot; and

transitioning a radio frequency chain of the UE and associated with the actual

group to a sleep mode antil at least an end of the time slot.

4, The method of claim 2, wherein a group of the one or more actual

roups comprises carriers associated with a same numerology.

5. The method of claim 2, wherein a group of the one or more actual

groups comprises at least two carriers associated with different numerologies.

6. The method of claim 3, wherein:
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communications in a time slot on a first carrier associated with a first
numerology are scheduled based at least in part on communications scheduled in the time slot
on a second carricr associated with 8 second numerology, the second mumerology being

&S0

associated with a larger time slot duration than the first numerclogy.

7. The method of claim 2, further comprising:
receiving downlink control information (DCH) for carniers within a group of
the one or more actual groups, the DCI for a carrier being within a first fime slot and

scheduling communications in the first time slot or in a Iater time slot.

8. The method of claim |, further compnising:
recetving feedback from the base station indicating whether the base station

successfully received the indication.

9. The method of claim 1, wherein the indication is transmitted in radio

resource control (RRC) signaling.

10, The method of claim 1, wherein the phurality of carriers are within a

same frequency band.

11, A method for wircless communication at a base station, comprising;

transmitting a carrier aggregation configuration message to a user equipment
(UL} indicating a plurality of carriers configured for commumnications with the UE;

grouping the plurality of carriers inio one or more groups, the ong or more
groups representing groupings of camriers that are to be scheduled for communications with
the UE on at least partially overlapping time resources; and

scheduling commumications with the UE on the plurality of carriers based at

least in part on the grouping.

12, 'The method of claim 11, wherein identifying the one or more groups of
the plurality of carricrs comprises:

receiving an indication from the UE of one or more preferred groups of the
plurality of carriers, the one or more preferred groups representing a recommendation that
carriers within a preferred group are to be scheduled for communications with the UE on at

cast partially overlapping resources; and
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grouping the plurality of carriers into one or more groups based at least in part

on the one or more preferred groups.

13. The method of claim 12, further comprising:
transmitting feedback to the UE indicating whether the base station

successfully received the indication.

14. The method of claim 12, wherein the indication is received in radio

resource control (RRC) signaling.

Is. The method of claim 11, wherein scheduling communications with the
UE on the plurality of carriers comprises:

transmitting downlink control information (DCH) for carriers within a group,
the DCl indicating whether downlink data is included in a time slot for the UE on a

FeSpective carmer.

16. The method of claim 15, wherein the DU for a carrier i1s within a first

time slot and schedules communications in the first time slot or in a later time slot.

17, Fhe method of claim 11, whergin a group of the one or more groups

comprises carriers associated with a same numerology.

18, The method of claim 11, wherein a group of the one or more groups

comprises at least two carriers associated with different numerologices.

19, The method of claim 18, wherein scheduling communications with the
UE on the plurality of carners comprises:

scheduling communications in a time slot on a first carrier associated with a
first numerclogy based at least in part on communications scheduled in the time sloton a
second carricr associated with a second numerology, the second numerology being associated

with a larger slot duration than the first numerology.

20, The method of claim 11, wherem the plurality of carmers are within a

same frequency band.
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1 2. An apparatus for wircless commumication at a user equipment (UE),

2 comprising:

3 a Processar,

4 memory in electronic communication with the processor; and

5 mstructions stored in the memory and executable by the processor to cause the

6 apparatus to

7 receive a carrier aggregation configuration message from a base station

3 mdicating a plurality of carriers configured for comnmmications with the base station;

9 group the plurality of carniers into one or more preferred groups, the
10 one or more preferred groups representing a reconunendation that carriers within a
i1 preferred group are to be scheduled for communications with the base station on at
12 least partially overlapping time resources; and
13 transmit an indication to the base station of the one or more preferred
14 groups of the plurality of carriers.

i 22, The apparatus of claim 21, wherein the instructions are further

2 executable by the processor {o cause the apparatus to:

3 recetve an indication of one or more actual groups of the plurality of carners,

4 the one or more actual groups being determined by the base station based at least in part on

5 the one or more preferred groups and representing actual groupings of carriers that arc to be

6  scheduled for commumications with the base station on at least partially overlapping time

7 resources.

1 23, The apparatus of claim 22, wherein the instractions are further

2 execcutable by the processor to cause the apparatus to:

3 receive downlink control information (DC1) for carriers within a group of the

4 one or more actual groups, the DC indicating that none of the carriers within the actual

5 group include downlink data for the UE in a time slot; and

6 transition a radio frequency chain of the UE and associated with the preferred

7 group to a sleep mode until at least an end of the time slot.

1 24, The apparatus of claim 22, wherein a group of the one or more actual

2 groups comprises carriers associated with a same numerology.
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25.  The apparatus of claim 22, wherein a group of the one or more actual

groups comprises at least two carriers associated with different numerologies.

26.  The apparatus of claim 25, whercin commumnications in a time slot on a
first carrier associated with a first numerclogy are scheduled based at least mn part on
communications scheduled m the time slot on a second carrier associated with a second
numerology, the second namerclogy being associated with a larger time slot duration than the

first numerclogy.

27, The apparatus of claim 22, wherein the instractions are further
executable by the processor to cause the apparatus to:

receive downlink control information (D{C1) for carriers within a group of the
one or more actual groups, the DCT for a carrier being within a first time slot and scheduling

communications in the first time slot or in a later time slot.

28, The apparatus of clarm 21, wherein the instractions are further
executable by the processor to cause the apparatus to:
receive feedback from the base station indicating whether the base station

successfully received the indication,

29, The apparatus of claim 21, wherem the indication is transmitted in

radio resource control {RRC) signaling.

30.  The apparatus of claim 21, wherem the plurality of carriers are within a

same frequency baad.

31, An apparatus for wireless communication at a base station, comprising:
& ProCessor,
memory in electronic communication with the processor; and
nstructions stored in the memory and executable by the processor to cause the
apparatus {o:
transmit a carrer aggregation configuration message to a user
equipment (UJE) indicating a plurality of carriers configured for communications with

the UE;
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G group the plurality of carriers into one or more groups, the one or more
1 groups representing groupings of carriers that are to be scheduled for communications
I with the UE on at least partially overlapping time resources; and
12 schedule communications with the UE on the plurality of camiers
13 based at least in part on the grouping,.
1 32, 'the apparatus of claim 31, wherein the instructions to identity the one

2 or more groups of the pluraiity of carriers are executabie by the processor to cause the
apparatus to:

4 recetve an mdication from the UE of one or more preferred groups of the

5 plurality of carriers, the onc or more preferred groups representing a recommendation that

6 carmiers within a preferred group are to be scheduled for commumications with the UE on at
7 least partially overlapping resources; and

8 group the plurality of carriers into one or more groups based at least in pait on

9 the one or more preferred groups.

i 33, The apparatus of claim 32, wherein the instructions are further

2 executable by the processor {o cause the apparatus to:

3 transmit feedback to the UE indicating whether the base station successfully
4 received the indication.

1 34,  The apparatus of claim 32, wherein the indication is received in radio

2 resource control (RRC) signaling.

1 35, 'the apparatus of claim 31, wherein the instructions to schedule

2 covnununications with the UE on the plurality of carriers are executable by the processor to
3 cause the apparatus to:

4 transmit downlink control imformation (DCI) for carners within a group, the
5 DI imdicating whether downlink data is included in a time slot for the UE on a respective

6 carrier.

1 36.  'The apparatus of claim 35, wherein the DCI for a carrier is within a

e

first time slot and schedules communications n the first time slot or in a later time slot.
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1 37. The apparatus of claim 31, wheremn a group of the one or more groups

2 comprises carriers associated with a same mumerology.

1 38, The apparatus of claim 31, wherein a group of the one or more groups
2 comprises at least two carriers associated with different numerologies.

1 39, The apparatus of claim 38, wherein the mstructions to schedule

2 communications with the UE on the plurality of carriers are executable by the processor to

3 cause the apparatus {o:

4 schedule communications n a time slot on a first carrier associated with a first
5  numerology based at least in part on communications scheduled in the time slot on a second

6 carrier associated with a second numerology, the second numerology being associated with a

7 larger slot duration than the first numerology.

] 40.  The apparatus of claim 31, wherein the plurality of carriers are within a

same frequency band.

[\]

1 41, An apparatus for wircless communication at a user equipment {(UE),

2 comprsing:

3 means for recetving a carrier aggregation configuration message from a base
4 station mdicating a plurality of carviers configured for communications with the base station;
5 means for grouping the plurality of carriers mto one or more preferred groups,
6 the onc or more preferred groups representing a recommendation that carriers within a

7 preferred group arc to be scheduled for communications with the base station on at least

3 partially overlapping time resources; and
9 means for transmitting an indication to the base station of the one or more

G preferred groups of the plurality of carriers.

1 42, The apparatus of claim 41, further comprising:

b

means for receiving an indication of one or more actual groups of the plurality

3

I
L

of carriers, the one or more actual groups being determined based at least in part on the one

4 ormore preferred groups and representing actual groupings of carriers that are to be

(v

scheduled for communications with the base station on at least partially overlapping time

6 resources.
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43, The apparatus of claim 42, further comprising:

means for receiving downlink control information (BCI) for carriers within a
group of the onc or more actual groups, the DCI indicating that none of the carriers within the
actual group include downlink data for the UE in a time slot; and

means for transitioning a radio frequency chain of the UE and associated with

the preferred group to a slecp mode until at icast an ¢nd of the time slot.

44, The apparatus of claim 42, wherein a group of the one or more actual

groups comprises carricrs associated with a same numerology.

45, The apparatus of claim 42, wherein a group of the one or more actual

groups comprises at least two carriers associated with different numerologics.

46.  The apparatus of claimm 45, wherein communications in atime sloton a
first carnier associated with a first numerclogy are scheduled based at least in part on
communications scheduled m the time slot on a second carrier associated with a second
numerology, the second numerology being associated with a larger time slot duration than the

first numerology.

47, The apparatus of claim 42, further comprising:
means for receiving downlink control information (D) for carriers within a
group of the one or more actual groups, the DCI for a carrier being within a first time slot and

scheduling communications in the first time slot or in a later time siot.

48.  The apparatus of claim 41, further comprising:
means for recetving feedback from the base station indicating whether the

base station successfully received the mdication.

49, The apparatus of claim 41, wherein the indication is transmitted in

radio resource conirol (RRC) signaling.

50.  The apparatus of claim 41, wherem the plurality of carriers are within a

same frequency band.

(¥,
—

An apparatus for wireless communication at a base station, comprising:
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means for transmitting a carrier aggregation configuration message to a user
equipment (UE) mdicating a plurality of carners configured for communications with the UE;

means for grouping the plurality of carriers mto one or more groups, the one
or mOTe groups representing groupings of carriers that are to be scheduled for
communications with the UE on at least partially overlapping time resources; and

means for scheduling communications with the UE on the plurality of carrers

based at least in part on the grouping,

32, 'The apparatus of claim 51, wheremn the means for identifying the one
or more groups of the plurality of carriers comprises:

means for recetving an indication from the UE of onc or more preferred
groups of the plurality of carriers, the one or more preferred groups representing a
recommendation that carriers within a preferred group are to be scheduled for
communications with the UE on at least partially overlapping resources; and

means for grouping the plurality of carriers mto onc or more groups based at

least in part on the one or more preferred groups.

53, The apparatus of claim 52, further compnising:
means for transmitting feedback to the UE indicating whether the base station

successfully received the imdication.

54, The apparatus of claim 52, wherein the indication is received in radio

resource control (RRC) signaling.

55, 'The apparatus of claim 51, wherein the means for scheduling
comununications with the UE on the plurality of carriers comprises:

means for transmitiing downlink control information (DCI) for carmners within
a group, the DCI indicating whether downlink data is inchuded in a time slot forthe UEon a

respective carrier.

56. The apparatus of claim 55, wherein the DCI for a carrier is within a

first time slot and schedules communications i the first time slot or in a later time slot.

37. The apparatus of claim 51, wherein a group of the one or more groups

comprises carriers associated with a same numerology.
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58  'Fhe apparatus of claim 51, wherein a group of the one or more groups

compnses at least two carriers associated with different numerologies.

59, The apparatus of claim 58, whercin the means for scheduling
communications with the UE on the plurality of carriers comprises:

means for scheduling communications in a time slot on a first carrier
associated with a first numerology based at least in part on commumications scheduled in the
time slot on a second carrier associated with a second numerclogy, the second sumeroclogy

being associated with a larger slot duration than the first numerology.

60.  The apparatus of claim 51, wherein the plurality of carriers are withina

same frequency band.

61. A pon-transiiory computer-readable medium storing code for wireless
commumication at a user equipment {UE), the code comprising mstructions executable by a
Processor (o

recelve a carrier aggregation configuration message from a base station
mdicating a plurality of carricrs configured for communications with the base station;

group the plarality of carriers mto one or more preferred groups, the one or
more preferred groups representing a recommendation that carriers within a preferred group
are 1o be scheduled for communications with the base station on at least partially overlapping
time resources; and

transmit an indication to the base station of the one or more preferred groups

of the phurality of cariers.

62.  The non-transitory computer-readable medium of claim 61, wherein
the instructions are further executable to:

receive an ndication of one or more actual groups of the plurality of carners,
the one or more actual groups being determined based at least in part on the one or more
preferred groups and representing actual groupings of carriers that are to be scheduled for

communications with the base station on at least partially overlapping time resources.

63.  The non-transitory computer-readable medium of claim 62, wherein

the mnstructions are further executable to:
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recetve downlink control information {DC1) for carriers within a group of the
one or more actual groups, the DCT indicating that none of the carners within the actual
group include downlink data for the UE in a time slot; and

transition a racdio frequency chain of the UE and associated with the preferred

group to a sleep mode until at least an end of the time slot.

64.  The non-transitory compuier-readable medium of claim 62, wherein a
group of the one or more actual groups comprises carriers associated with a same

numerology.

65.  The non-transitory computer-readable medium of claim 62, wherein a
group of the one or more actual groups comprises at least two carriers associated with

different numerologies.

66.  The non-transitory computer-readable medium of claim 63, wherein
communications in a time slot on a first carrier associated with a first numerology are
scheduled based at least m part on communications scheduled in the time slot on a second
carrier associated with a second numerclogy, the second numerology being associated with a

larger time slot duration thas the first numerology.

67.  The non-transitory computer-readable medium of claim 62, wherein
the instructions are further executable to:

receive downlink control mformation {BCH) for carriers within a group of the
one or more actual groups, the DCH for a carrier being within a first time slot and scheduling

communications in the first time slot or 1n a later time slot.

68.  The non-transttory computer-readable medium of claim 61, wheremn
the mstructions are further executable to:
receive feedback from the base station mdicating whether the base station

successfully received the indication,

69.  The non-transtiory computer-readable medium of claim 61, wherein

the indication is transmitted in radio resource control (RRC) signaling.

70.  The non-transitory computer-readable medium of claim 61, wherein

the plurality of carriers are within a same frequency band.



W NI e

.

(]

6

oW N

[y

WO 2020/037457 PCT/CN2018/101278

71, A pon-transttory computer-readable medium storing code for wireless
commuiication at a base station, the code comprising instructions cxecutable by a processor
to!

transmif a carrier aggregation configuration message 1o a user equipment { UE)
mdicating a plurality of carriers configured for communications with the UE;

group the plurality of carriers 1nto one or more groups, the one or more groups
representing groupings of carriers that are 1o be scheduled for communications with the UE
on at least partially overlapping time resources; and

schedule communications with the UE on the plurality of carriers based at

least m part on the grouping.

72, 'Fhe non-transitory computer-readable medium of claim 71, wherein
the mstructions to identify the one or more groups of the plurality of carriers are executable
to!

receive an imdication from the UE of one or more preferred groups of the
plurality of carriers, the onc or more preferred groups representing a recommendation that
carmiers within a preferred group are to be scheduled for communications with the UE on at
least partially overlapping resources; and

group the plurality of carriers into one or more groups based at least in pait on

the one or more preferred groups.

73.  The non-transitory computer-readable medium of claim 72, wherein
the mstructions are further executable to:
transmit feedback to the UE indicating whether the base station successfully

received the indication.

74.  The non-transitory computer-readable medium of claim 72, wherein

the indication is received in radio resource control (RRC) signaling.

75.  'The non-transitory computer-readable medium of claim 71, wherein
the instructions to schedule communications with the UE on the plurality of carniers are

executable to:



N

[\]

[5]

N

(4

-3 o

WO 2020/037457 PCT/CN2018/101278

e

transmit downlink control information {DCT} for carniers within a group, the
DCI indicating whether downlink data is included 1n a time slot for the UE on a respective

carrier.

76.  The non-transitory computer-readable medium of claim 75, wherein
the DCI for a carrier 1s within a first time slot and schedules communications in the first time

slot or in a later time slot.

77.  The non-transitory computer-readable medium of claim 71, wherein a

group ot the one or more groups comprises carricrs associated with a same numerology.

78.  'The non-transitory computer-readable medium of claim 71, wherein a
group of the one or more groups comprises at feast two carriers associated with different

numerslogies.

79.  The non-transitory computer-readable medium of claim 78, wherein
the mstractions to schedule communications with the UE on the pharality of carriers are
executable to

schedule communications i a time slot on a tirst carrier associated with a first
numerology based at least in part on commumnications scheduled in the time slot on a second
casrier associated with a second numerclogy, the second numerclogy being associated with a

larger slot duration than the first numerology.

80,  The non-transitory computer-readable medium of claim 71, wherein

the plurality of carriers are within a same frequency band.
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