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CARRIER AGGREGATION IN A HIGH SPEED MODE OF A USER
EQUIPMENT

CROSS-REFERENCE TO RELATED APPLICATION
{0861}  This application claims the benefit of PCT International Application No.
PCT/CN2020/122993, fided October 22, 2020 which is hereby incorporated by reference in

tts entirety for all purposes.

BACKGROUND

[6802] Fifth generation mobile network {5G) 15 a wireless standard that aims to improve
upon data transnussion speed, reliability, availability, and more. This standard, while still
developing, melades namerous details relating to camier aggregation {CA), where, for
mstance, a higher data rate may be achieved by using multiple component carrters {CCs) for
conumimications of a user ¢quipment (UE}.

BRIEF DESCRIPTION OF THE DRAWINGS

[B0G3] Figure | illustrates an example of a network environment, o accordance with some

crabodiments.

[3604] Figure 2 illustrates an example of activating a serving cell for carrier aggregation, in
accordance with some embodiments.

[B805] Figure 3 iflustrates an example of possible carrier aggregation configurations in
support of a high speed mode of a user equipment (UE), in accordance with some

embodiments.

13606] Figure 4 illustrates an example of a collocation configuration for carrier

aggregation, 1n accordance with some embodiments.

[G0G7] Figure 5 illustrates an example of a non-collocation configuration for carrier

aggregation, i accordance with some crabodiments.

[30608]  Figure 6 illustrates an cxample of an intra-band configuration for carrier
aggregation, 1n accordance with some embodiments.
(6809 Figure 7 illustrates an example of an inter-band configuration for camer

aggregation, i accordance with some crabodiments.



10

15

e
f—

WO 2022/086645 PCT/US2021/050280

§016] Figure ¥ illustrates an example of serving cell activation based on UE capabidity
g B 2 18 3

mformation in a high speed mode, in accordance with some embodiments.

[0811] Figure 9 iHustrates an example of an operational flow/algorithmic stracture for

performing carrier aggregation inn a high speed mode, in accordance with some embodiments.

[B812]  Figure 10 ilusirates another example of an operational flow/algorithmic stracture
for performing carrier aggregation in a high speed mode, in accordance with some

embodiments.

[0813] Figure 11 dHustrates an example of direct serving cell activation based on UE

capability information in a high speed mode, 1o accordance with some embodiments.

[3814]  Figure 12 illustrates an example of an activation procedure that uses a shortened

serving cell activation duration, in accordance with some embodiments.

[0815] Figure 13 dlustrates another example of an operational flow/algorithmic structure
for performing carrier aggrogation in a high speed mode, in accordance with some

embodiments.

[3816]  Figure 14 iHustrates an example of receive components, in accordance with some

embodiments.
[6017] Figare 15 tHustrates an example of a UL, in accordance with some embodiments.

[3018] Figure 16 ilustrates an exampie of a base station, m accordance with some

embodiments.

DETAILED DESCRIPTION
[0819] The following detailed description refers (o the accompanying drawings. The same
reference numbers may be used in different drawings to tdentify the same or similar
clements. To the following description, for purposes of explanation and not limttation,
specific details are set forth, such as particular structures, architectures, mterfaces,
technigues, ete. in order to provide a thorough understanding of the various aspects of various
embodiments. However, it will be apparent to those skilled in the art having the benefit of the
present disclosure that the various aspects of the various embodiments may be practiced in
other examples that depart from these specific details. In certain instances, descriptions of

wel-known devices, circuits, and methods are omitted so as not to obscure the description of
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the various embodiments with unnecessary detail. For the purposes of the present document,

the phrase “A or B” means (A), {B), or (A and B}

[602¢] Generally, carrier aggregation (CA) can be used to increase a data rate of user
cquipment (UE) communications. CA enables a UE to receive and/or transmit from/to
switiple serving cells. The serving cells include a primary cell (PCell) in the case of a single
cell group or a primary secondary cell {(PSCell) in case of multiple cell groups. The serving
cells also include a secondary cell (SCell) in both the single and multiple cell group cases. An
SCell activation procedure may be performed, whereby the UE and the base station exchange
mformation about the target serving cells that arc being activated. The SCell activation
procedure may necessttate measurements on components carriers of the target serving cells

and reporting. The completion time of such actions corresponds to an activation delay.

{38211  Under certam conditions, the UE may be traveling at a high speed. As used herein,
high speed refers to a speed that is larger than a speed threshold, such as fifty Kilometers per
hour (Kph}, one-hundred Kph, or some other value up to an upper bound, such as five-
hundred Kph. When traveling at the high speed. the UE may be operating in a high speed
mode. The high speed mode ts an operational mode that supports a travel speed of the UE
larger than the speed threshold. The high speed mode may also be referred to ag a high speed

train {(HST) mode.

{36221  In the high speed mode, the activation delay may impact the mobility performance
of the UE. To reduce the activation delay i the high speed mode, different approaches may
be used mdependently of or in conjunction with each other. In one example approach, the
total number of component carriers may be reduced. This approach can reduce the amount of
needed measurements. In ancther example approach, intra-band component carriers may be
used. This approach may enable the UFE to reuse measurements performed on one component
carrier for another intra-band component carrier {e.g., antenna gain control (AGC)
estimation). In yet another example approach, collocated serving cells are used. This
approach may enable the UE to reuse measarements performed on one serving cell for
another collocated serving cell {e.g., Doppler shuft estimation). If the UE can support uxer-
band corponent carniers or non-collocated serving cells, a further example approach can
involve configuring non-collocated serving cells and/or inter-band component carriers of
collocated or non-collocated serving celis for the camer aggregation ot the UK 1o the high

speed mode. In an additional approach, direct activation can be performed when a serving
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cell(s} are added wvia radio resource control (RROY configuration or during a handover {g.g.,
no media access control (MAC) control element {CE) mayv be needed to activate a serving
cell after the configuration). Some or all of these approaches can involve signaling from the
UE 1o the network about the UE"s SCell activation capabilities m the high speed mode.
Additionally or alternatively, some or all of these approaches need not imvolve the signaling

and can rely instead on requirements that the UE needs to support in the high speed mode.
13623] The following 15 a glossary of terms that may be vsed in this disclosure.

[6624] The term “circurtry” as used herein refers 1o, 1s part of, or includes hardware
components, such as an electronic circwit, a logie circutt, a processor (shared, dedicated, or
group) or memory {shared, dedicated, or group), an Application Specific Integrated Curenit
{ASIC), a ficld-programmable device (FPD) (e g, a ficld-progranunable gate array (FPGA), a
programmable logic device (PLD), a complex PLD (CPLDY), a high-capacity PLD (HCPLD),
a structured ASIC, or a programmable systeme-on-a-chip (So()), digital signal processors
(DSPs}, eic. that are configured to provide the described functionality. In some embodiments,
the circuitry may execute one or more software or firmware programs to provide at least
some of the described functionabity . The tenm “circuitry” may also refer to a combination of
one or more hardware clements (or a combination of circuits used in an electrical or
clectronic system) with the program code used to carry out the functionality of that program
code. In these embodiments, the combination of hardware elements and program code may

be referred to as a particular type of eircuitry.

{6823} The term “processor circuitry” as used herein refers to, is part of, or includes
circuitry capable of sequentially and avtomatically carrying out a sequence of arithmetic or
logical operations, or recording, storing, or transferring digital data. The term “processor
circuitry” may refer to an application processor, bascband processor, a contral processing unit
(CPLD), a graphics processing umit, a single-core processor, a dual-core processor, a triple-
core processor, a quad-core processor, or any other device capable of executing or otherwise
operating computer-executable instractions, such as program code, software modules, or

functional processes.
[B826] The term “interface circuttry”™ as used herein refers 1o, is part of, or mcludes
circuitry that enables the exchange of information between two or more conponents or

devices. The term “interface circuitry” may refer to one or more hardware mterfaces, for
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example, buses, VO mterfaces, penpheral component interfaces, network interface cards, or

the like.

[6027] The term “aser equipment” or “UE” as used herein refers to a device with radic
communigation capabilities and may describe a remote user of network resources in a
communications network. The term “user equipment” or “UE” may be considered
synonymous to, and may be referred 1o as, client, mobile, mobile device, mobile terminal,
user terminal, mobile unit, mobile statton, mobile user, subscriber, user, remote station,
access agent, user agent, receiver, radio equupment, reconfigurable radio equipment,
reconfigurable mobile device, ete. Furthermore, the teom “user equipment” or “UE” may
melude any tvpe of wireless/wired device or any computing device including a wireless

communications interface.

[3828] The term “base station” as used herem refers to a device with radio communication
capabilities, that is a network slement of a communications network, and that may be
contigured as an access node in the commumnications network. A UE’s access o the
conmymunications network may be managed at least in part by the base station, whereby the
UE connects with the base station to access the commanications network. Depending on the
radio access technology {RAT), the base station can be referred to as a gNodeB (gMNB),

cMNodeB (cNB}, access pont, eic.

[3629]  The term “computer system” as used herem refers to any type of interconnected
clectronic devices, computer devices, or components thereof, Additionally | the term
“compuier system” or “system” may refer (o vanous components of a compuier that are
communicatively coupled with one another. Furthermore, the term “computer system™ or
“system” may refer to multiple computer devices or multiple computing systems that are
communicatively coupled with one another and configured to share computing or networking

FESOUICes.

[66308]  The term “resource” as used herein refers to a phvsical or virtual device, a physical
or virtual component within a computing environment, or a physical or virtual component
within a particular device, such as computer devices, mechanical devices, memory space,
processor/CPU time, processor/CPU usage, processor and accelerator loads, hardware time or
usage. ¢lectrical power, input/output operations, ports or network sockets, chanuel/link
alfocation, throughput, memory usage, storage, network, database and applhications, workload

units, or the hike. A “hardware resource” may refor to computer, storage, or network
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resources provided by physical hardware element(s). A “virtualized resource”™ may refer {o
computer, storage, or network resources provided by virtualization nfrastructure to an
application, device, system, cte. The term “network resource” or “communication resource”
may refer to resources that are accessible by computer devices/systoms via a communications
network. The term “system resources” may refer to any kind of shared entities to provide
services, and may mchide computing or network resources. System resources may be
considered as a set of coherent functions, network data objects or services, accessible through
a server where such system resources reside on a single host or multiple hosis and are clearly

dentifiable.

(6831} The term “channel” as used herein refers to any transmission medium, gither
tangibie or intangible, which is used to communicate data or a data stream. The term

“channel” may be synonymous with or equivalent to “communications channel,” “data

EENY EE]

compmunications channel,” “transmission chanvel,” “data transmission channpel,” “access
channel” “data access channel,” *link.” “data link,” “carrier,” “radio-frequency carrier,” or
any other like term denoting a pathway or mediam through which data is conununicated.
Additionaily, the term “hnk™ as used herein refers to a connection between two devices for

the purpose of transmitting and receiving information.

[6632] The terms “instantiate,” “mstantiation,” and the bike as used heremn refer 1o the
creation of an mstance. An “instance” also refers to a concrete occurrence of an object, which

may oecur, for example, during execution of program code.

{6833} The term “connected” may mean that two or more elements, at a common
communication protocol laver, have an established signaling relationship with one another

over a conununication channel, link, iderface, or reference point.

[3834] The term “network element” as used herein reters 1o physical or virtualized
equipment or infrastructure used to provide wired or wireless communication network
services. The term “network element” may be considered synonymous to or referred to as a
networked computer, networking hardware, network equipment, network node, virtualized

network function, or the like.

[B835] The term “information element” refers to a structural clement containing one or
more ficlds. The term “field” refers to mdividual contents of an mformation element, or a
data clement that contains content. An information clement may inclade one or more

additional information clements.

N
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[3836] Figure 1 ilustrates a network envirooment 100, in accordance with some
cembodiments. The network environment 100 may mehude a UE 104 and a gNB 108. The
gNB 108 may be a base station that provides a wireless aceess cell, for example, a Thud
(eneration Parinership Project (3GPP) New Radio (NR) cell, through which the UE 104 may
communicate with the gNB 108, The UE 104 and the ¢NB 108 may conmmanicate over an aiy
interface compatiblc with 3GPP techoical specifications, such as those that define Fifth

Generation (53G) NR system standards.

13637]  he gNB 108 may transmit information {for example, data and control signaling) in
the downlink direction by mapping logical channels on the transport channels, and transport
channels onto phvsical channels. The logical channels may transter data between a radio link
control (RLCY and media access control (MAQC) layers; the transport channels may transfer
data between the MAC and PHY layers; and the physical channels may transfor information
across the air interface. The physical channels may include a physical broadcast channel
(PBCH), a physical downlink control channel (PDCCH), and a physical downlink shared
channcl (PDSCH).

[0638] The PBCH may be used to broadcast system information that the UE 104 may use
for inittal access to a serving cell. The PBCH may be transoutted along with physical
syachronization signals {PSS) and secondary synchronization signals (SS8¥m a
synchronization signal (SSYPBCH block. The S5/PBCH blocks (§SBs) may be used by the

UE 104 during a cell search procedure and for beam selection.

[6839] The PDSCH may be used to transfor end-user application data, signaling radio
bearer (SRB) messages, system information messages {other than, for example, MIB), and

PAgING MOISABTES.

[3840] The PDCCH may transfor downlink control information (DCI) that s used by a
scheduler of the gNB 108 to allocate both uplink and downlink rescurces. The BC may also
be used to provide uplink power control commands, configure a slot format, or indicate that

preemption has occurred.

{68417 The gNB 108 may also transmit various reference signals to the UE 104, The
reference signals may include demodulation reference signals (IDMRSs) for the PBCH,
PDCCH, and PDSCH. The UE 104 may compare a received version of the DMRS with a

known DMRS sequence that was transoutied to estimate an impact of the propagation

i
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channel. The UE 104 may then apply an mverse of the propagation channel during a

demodulation process of a corresponding physical channel transmission.

{0842} The reference signals may also include channel state information reference signal
{CSI-KS). The CSI-RS may be a multi-purpose downlink transmission that may be used for
CSI reporting, beam management, connected mode mobility, radio link fature detection,

beam fwilure detection and recovery, and fing tuning of time and frequency svnchronization,

10643} The reference signals and mformation from the physical channels may be mapped to
resources of a resource grid. There 1s one resource gnid for a given anternma port, subcarricr
spacing configuration, and transmussion direction (for example, downhink or uplink). The
basic unit of an NR downlink resource grid may be a resource clement, which may be defined
by one subcarrier in the frequency domain and one orthogonal frequency division
multiplexing (OFDM) symbol in the time domain. Twelve consccutive sabcarriers in the
frequency domain may compose a physical resource block (PRB)}. A resource element group
(REG) may include one PRB 1 the frequency domain and one OFDM symbol in the time
domain, for exaraple, twelve resource clements. A control channel element (CCE) may
represent a group of resources used to transmit PBCCH. One CCE may be mapped to a

aumber of REGs, for example, six REGs.

[3044] Transmissions that use different antenna ports may experience different radio
channels. However, in some situations, different antenna ports may share common radio
channel charactenstics. For example, different antenna ports may bave sumilar Doppler shifis,
Doppler spreads, average delay, delay spread, or spahal receive parameiers {for example,
properties associated with a downlink received signal angle of arrival at a UE). Antenna ports
that share one or more of these large-seale radio channel characteristics may be said to be
quasi co~-located {QCL) with one another. 3GPF has specified four types of QCL to indicate
which particular channel charactenistics are shared. In QCL Type A, antenna ports share
Doppler shift, Doppler spread, average delay, and delay spread. In QCL Type B, antenna
ports share Doppler shift and Doppler spread. In QCL Type C, antenna ports share Doppler

shift and average delay. In QCL Type D, antenna ports share spatial receiver parameters.

[6045] The gNB 108 may provide transmission configuration indicator (TCH) state
mnformation to the UE 104 1o mdicate QCL relationships between antenna ports used for
reference signals {for example, synchromzation signal/PBCH or CSI-RS) and downlink data

or control signaling, for example, PDSCH or PDCCH. The gNB 108 may use a combination

=]
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of RRC signaling, MAC control element signaling, and DCI to inform the UE 104 of these

QCL relationships.

{0846} The UE 104 may transmit data and control nformation to the gNB 108 using
physical uplink channels. Different tvpes of physical uplink channels are possible including,
for instance, a physical uplink control channel (PUCCH) and a physical uplink shared
channel (PUSCH). Whereas the PUCCH carries control information from the UE 104 to the
gNB 108, such as uplink control information {(UCT), the PUSCH carries data traffic {e.g., end-

user application data} and can carry UCH

{08477 The UE 104 and the gNB 108 may perform beam management operations to
identify and maintain desired beams for transmission in the uplink and downlink directions.
The beam management may be applied to both PDSCH and PDCCH 1o the downlink
direction, and PUSCH and PUCCH in the uplink direction.

[6048] o an cxample, comownications with the gNEB 108 and/or the base station canuse
channels m the frequency range 1 (FR1) band {(between 410 Megahertz (MHz) and 7,128
MHz} and/or frequeney range 2 (FR2) band (between 24,250 MHz and 52,600 MHz). The
FR1 band includes a licensed band and an unhicensed band. The NR unlicensed band (NR-LU)
meludes a frequency spectrum that s shared with other types of radio access technologies
{(RATs) {e.g., LTE-LAA Wil ctc}). A listen-before~-talk (BT} procedure can be used to
avoid or muminnze collision between the different RATs in the NR-U, whereby a device

applics a clear channel assessment (CCA) check before using the channel.

[0849]  As further tHostrated in FIG. 1) the network environment 100 may further include a
base station 112 with which the UE 104 may also connect. The base station 112 sapports the
same RAT as the gNB 108 {c.g., the base station 112 is also a gNB). Additionally or
alternatively, the base station 112 supports a different RAT (e.g., Long-Term Evolution

(LTE) ¢NB).

[6638]  In an example, the UE 104 supports dual comnectivity {DC), whereby the UE 104
can connect and exchange data simultancously with the gNB 108 and the base station 112,
Additionally or altematively, the UE 104 supports carrier aggregation {CA}, whereby the UE
104 can connect and exchange data simultancously over multiple component carriers (CCs)
with the gNB 108 and/or the base station 112, The CCs can belong to a same freguency band,
i which case they are reforred to as intra-band CCs. Intra-band CCs can be contiguous or

non-contiguous. The CCs can also belong to different frequency bands, in which case they
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are referred o as mnter-band CCs. A serving cell can be configured forthe UE 104 to use a
Cs. Muluple serving cells can be activated via an SCell activation procedure where the
component carriers of these serving cells can be intra-band contiguous, intra~band noon-

contiguous, or inter-band. The serving cells can be collocated or non-~collocated.

[B851]  To improve resource usage when CA s configured (e.g., processing burden on the
UE 104, battery usage of the UE 104, channel management and load balancing, etc.}, an
activation/deactivation mechanism of serving cells is supported. Generally, if the UE 104 is
configured with one or more serving ¢chis, the gNB 108 may activate and deactivate the
contigured serving cells. Activation and deactivation tvpically does not apply to a PCell {or
PSCeliy. After an SCell 1s configured, such as via higher layer signaling, the SCellisin a
deactivated state. An SCell activation procedure 1s used to activaie the SCell and enable
transoussion/reception on the 8Cell {e.g., on PDSCH, PDCCH, PUSCH of the 8Cell}. The
SCell activation procedure may be triggered when, for instance, there 1s a need of more data
throughput or to load balance traffic on the PCell {or PSCell). The SCell can be activated

depending on its channel quality and can be deactivated 1f its channel guality s low.

[6052] Figure 2 illustrates an example of activating a serving cell for carrier aggregation, in
accordance with some embodiments. In this example, the serving coll is an SCell and the
activating 1s shown as an SCell activation 200. {o particular, 2 UE 210 1s in communication
with a gNB 220, where the comnumication uses a PCell (illustrated 1n Figure 2 as a primary
component carrier (PCC)). For carrier aggregation reasons (2.2, to mcrease throughput), the
eNB 220 configures the UE 210 to use a secondary component carrier (SCL) of an SCell
provided by a gNB 230. Although the two gNBs 220 and 230 arc shown as being separate
from each other, they may be one gNB that supports mtra-band or inter-band CCs. The UE
210 18 mtially configared via an RRC connection reconfiguration indicating the SCell. The
SCell is added to the CA configuration of the UE 210, but is i a deactivated state. To
activate the SCell, the gNB 220 can send a MAC CE wdentifying the SCell. The MAC CE
triggers the UE 210 to activate the SCell, where the activation includes performing various
measurements and reporting back to the gNB 220. Ouce activated, a PDSCH can be available

to the UE 210 on the SCell, m addition to the PDSCH on the PCell

(68537  Typueally, the network {e.g., gNB 220 and/or a radio network controlier {RNCH)
uses an information clement (IE) of Cell ToAddModList in RRCConnectionReconfiguration

message to add an SCell for carmer aggregation of the UE 210, At the time of SCell addition,

10
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the gNB 220 can send different types of mformation to the UE 2 101 viaa
RRCConnectionReconfiguration message. The mformation can include an SCellindex that
identifics the SCell; a cellldentification, which is a physical cell identity and downlink carrier
frequency (EARFCN); radioResourceConfigCommonSCell, which 15 an IE for sending
system mformation of the SCell; radicResovrceConfigCommonSCell that contains downlink
configurations, such as downlink bandwidth, sumber of antenna ports, and the like;
radioResourceConfigDedicated SCell, which is an IE contaming UE specific configurations
for the §Cell; and radioResourceConfigDedicatedSCell, which includes downlink dedicated
configurations, such as information related to transmission mode for the SCeli, cross-carnier
scheduling configuration, SCell CSI-RS mfoumation, and the hike. Upon receiving
theRRCConnectionBeconfiguration message, the UE 210 can execute the 5Cell addition
command and send a message mdicating that the RRC connection reconfiguration is

complete.

[3854]  Once configured, the SCell activation can be triggered based on a MAC CE. The
MA CE is ilentified by a MAC protocol data unit (PDU) sub-header with a unique logical
channel identifier (LCID), such as “11011.7 The MAC CE element includes ficlds, each of
which indicates an SCcll with a SCellindex. The MAC CE carnies a bitmap for the activation
and deactivation of Scells, wherein the bitmap a field set to “17 denotes activation of the
corresponding SCell, while a ficid set to *07 denotes deactivation. With the bitmap, SCells
can be activated and deactivated individually, and a single actuvation/deactivation command

can activate/deactivate a subset of the SCells.

{6683} Figure 3 dlustrates an example of possible carmer aggregation configurations in
support of a high speed mode 300 of a UE 310, in accordance with some embodiments. In the
high speed mode 300, the UE 310 may be travehing at a speed that exceeds a speed threshold.
Ir the illustration of Figure 3, the hugh speed mode 300 1s a high speed train (HST) mode,
shown with the train graphic. As the UE 310 travels, serving cells may become avaiiable and
other serving cells may become unavailable, where the avatlability/unavailability depends on
the UE’s 210 travel speed. Carrier aggregation may be desired such that the UE 310 can be
provided a target throughput as it travels. I the UE 310 supports carrier aggregation m the
high speed mode 300 (such as FR1 CA 1 HST, with a travel speed up to five-hundred Kph
and a carner frequency up to 3.6 GHz), the network {g.g., a gNB and/or an RNC) can

configure and/activate particular serving cells for the UE 310,

11
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{38561 Different configurations of the serving cells are possibie. In one example, collocated
colls 320 are configured {(shown in Figure 12 as two serving celis: Cell A and Cell B,
although a larger number of collocated serving cells 1s possible). Collocated cells refers to
serving cells having coverage in a same geographic area. For example, the gNBs of these
serving cells can be physically collocated or can be even one gNB. The collocated serving

cells 320 can vse mmtra-band CCs and/or inter-band CCs.

13657]  In another example, a non-collocated ccll 330 can be additionally or alternatively
configured. The non-collocated cell 330 refers to a serving cel that is not collocated with
another scrving cell (such as not being collocated with Cell A or Cell B}, The non-collocated

cell 330 and the other serving cell can use intra-band CCs or mter-band CCs.

[G038]  In vet another example, an indra-band cell 340 may be configured. The intra~-band
cell 340 refers to a serving cell that uses a component carrier within a same frequency band
of a component carrier of another configared serving cell {such as Cell A or Cell B). The

mtra-band cell 340 and the other serving cell can be collocated or non-collocated.

[0859]  In a further ancther example, an mter-band cell 350 may be configured. The inter-
band cell 350 refers to a serving ol that uses a component carrier within a different
frequency band of a component carrier of another configured serving cell (such as Cell A or
Cell B). The inter-band cell 350 and the other serving cell can be collocated or non-

collocated.

[6868] The specific configuration {e.g., collocated, non-collocated, intra~-band, and/or mier-
band} can depend on the capability of the UE 310 to support carrier aggregation in the high
spead mode 300, This capabiity can be signaled by the UE 3106 to the network via UE
capability information. Additionally or alternatively, the capability can be predefined m a

requirement that the UE 310 needs to meet, such as a requirement in a techmcal specification.

[6061]  Once the specific configuration is defined {c.g., via an RRC connection
reconfiguration), the UE can activate one or more of the configured serving cells, Thig
activation can also depend on the UEs 310 to support carrier aggregation in the high speed
mode 300, Further, the activation can be triggered by a MAC CE. Alternatively or
additionally, the activation can be direct upon a serving cell being added to the configuration
{e.g., via the RRC connection reconfiguration), where “dircct activation” vefers fo relying on

the RRC connection reconfiguration, rather than a MAC CE, as the trigger for the activation.
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13662] In an example, the lugh speed mode 300 1s an HST mode for FR1 upto a 3.6 GHz
frequency. fo a NR network, an SCell activation and an SCell deactivation necessitate
monitoring and measurements including, for instance, primary synchronization signal (PS8)
and secondary synchronization signal (S88) detecting, time index detection, and a
measurement period for an activated SCell and/or a deactivated SCell. Particular activation
and deactivation delays may also need to be met. Since HST UE hag high speed (up to five-
hundred Kph), the mobility performance is relatively more important than legacy UEs {c.g.,
non-HST operational mode}. Delay for Legacy FR1 SCell activation is defined, for mstance,
mn 3GPP TS 38.133 V16.5.0 {2020-09), scction 8.3 .2: “Upon receiving SCell activation
convmand 1u slot s, the UE shall be capable to transout valid TSI report and apply actions
related to the activation conwnand for the SCell being activated no later than in slot v +

+ 7 : : : +Teror o :
THARQ HTgotivation time TC.:r!](e?{)()?'f.Lng

NR slot length » where:

Tuarg (in ms) 1s the iming between DL data transmission and acknowledgement as

specified in TS 38213 {3}
Tactivation_sime 1S the $Cell activation delay 1 millisecond.
Ifthe SCell is known and belongs to FRE, Tacivation_time 18]
- Trissssp+ Sms, 1f the SCell measurement cyele 1s equal to or smaller than [60ms.

- Trirstsss max + Tis + Sms, if the SCell measurement cycle is larger than 160ms.

~

If the 5Cell 15 unknown and belongs to FRI, provided that the side condition Es/lot

= -2dB 15 fulfilied, Tactivation_time 1S
- Trirsss Mmax + Tamre max + 2% T + 5ms”

[8063] Inthe above requirement, Trisss relates to time/frequency (1/F) tracking,
Trimssss_vax relates to antenna gain control {AGC) settling, and Ty relates to cell
wdentification and T/F tracking. I the same or similar activation procedure is followed for
SCell activation in the HST mode, the total delay of the SCell activation would be relatively
long and can mmpact the UE"s 310 mobility performance. Unless the UE 310 has improved
monitoring and measurcment capability relative to a legacy UE, reducing the SCell activation
delay may involve enhancements from both the UE and network perspectives and/or
enhancements to the UE capability indication. For instance, the particular number of

component carners for FR1 CA m HST can be deterouned 1o order to reduce the SCell
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activation delay. The UE 310 may only need to measure intra-frequency neighbour cell on
selected serving component carriers. The deployvment of the carner aggregation may also
consider whether to use collocated or non-collocated serving cells. Further, a new activation
mechamsms, corresponding to a new UE capability to support CA for HST, may be used to
support RRC-based activation during 5Cell addition and/or activation during handover.

These and other enhancements are further described in the next figures,

[3864] Figure 4 sHustrates an example of a collocation configuration 400 for carrier
aggregation, in accordance with some embodiments. Here, out of the vartous possible carmer
aggregation configurations described in connection with Figure 3, the network may configure
carrier aggregation for the high speed mode 300 (e.g., FRI CA for HST} for only collocate
cases. In other words, in the collocation configuration 400, the serving cclls that are
configured for carrier aggregation {(or serving component carriers in HST FR1) are
collocated. Figure 4 illustrates this configuration with an X-marks over the non-collocated
cell 330, the tra-band cell 340, and the mter-band 350. The collocated cells 320 are added

to the carmer aggregation configuration for the UE 310,

[0865] Inan example, the coliocation configuration 400 is predefined as a requirement o 3
technical specification. No signaling may be needed from the UE 310 to indicate is
capability for carrier aggregation in the high speed mode 300, Instead, the network ondy
configures collocated serving cells (or serving component carriers) and the UE 310 may
assume that only collocated serving cells (or serving component carriers) were configured. In
another example, the signaling is used where, for mstance, the UE 310 sends UE capability
mformation indicating whether it can only support collocated serving cells for the carnier
aggregation in the high speed mode 300, If that 1s the case, the network only may only
provide the collocation configuration 400, In both examples, durtng the SCell activation
procedure, relative to a non-collocated deployment, the collocated serving cells 320 may have
more simular channel conditions, such that the complexity of the UE implementation can be
reduced by taking advantage of the similarities. For example, the Doppler shuft may be
estunated for one serving cell. Given the collocation of the serving cells, this Doppler shift
cstiraation may be reused for another collocated serving cell that is being activated {e.g , in
the time compensation of the Doppler effect in the other collocated serving cell). By reusing
the Doppler shift estimation, the total duration of the §Cell activation procedure may be

reduced.
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[3666] TFigure 3 illustrates an example of non-collocation configuration 500 for camner
aggregation, in accordance with some embodiments. Here, out of the vartous possible carmer
aggregation configurations described in connection with Figure 3, the network may configure
carrier aggregation for the high speed mode 300 (e.g., FRI CA for HST) using non-
collocated serving cells {(in addition to or m heu of collocated serving cellsy. In other words,
at least one serving cell that is being activated for the carrier aggregation is not collocated
with another serving cell that the UE 310 uses. Figure 5 dlustrates this configuration with an
X-marks over the intra~-band cell 340 and the mier-band 350 and by removing Cell B. The
non-collocated serving cells that are configured for the carrier aggrogation in the high speed

mode 300 arc Cell A (shown with clement number 520) and the non-collocated cell 330,

[6067] In an example, signaling may be needed from the UE 310 to indicate its capabibity
for carrier aggregation in the bigh speed mode 300, where this capability supporis non
collocated deployment {or non-collocated and collocated deplovment} for, for mnstance, FRI
CA in HST. In particular, the UE 310 can send UE capabibity mformation indicating whether
it can support collocated or non~-collocated serving cells for the carrier aggregation in the high
speed mode 300, In turs, the network may configure the carrier aggregation according to the

mdicated capability.

[G068]  Figure 6 illustrates an example of intra-band configuration 600 for carrier
aggregation, in accordance with some embodiments. Here, out of the vanous possible camer
aggregation configurations described in connection with Figore 3, the network may configure
carrier aggregation for the high speed mode 300 {c.g., FR1 CA for HST) using intra-band
component carmers. In other words, in the collocation configuration 600, the serving cells that
are configured for carner aggregation use component carrers that are in a same freguency
band. The component carriers can be contiguous or non-contiguous. Figure 6 illustrates this
configuration with an X-marks over the non-collocated cell 330 and the mter-band 350 and
by removing Cell B. The mtra-band component carriers are used by the Cell A 520 and the
mira-band cell 340. These two cells 520 and 340 (¢ g, identifics of these cells) are added to

the carrier aggregation configuration information.

[606%] In an example, the mtra-band configuration 600 is predefined as a requirement in a
technical specification. No signaling may be needed from the UE 310 to indicate is
capability for carrier aggregation in the high speed mode 300, Instead, the network ondy

configures intra~-band component carriers {more specifically, mira-band contiguous

[y
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component carrigrs and/or intra-band non-contiguous component carriers as defined in the
techaical specification) and the UE 310 may assume that only serving {continucus and/or
non-contiguous, as applicable) component carriers in the same band were configured. In
another example, the signaling 1s used where, for mstance, the UE 310 sends UE capability
mformation indicating whether it can only support intra-band component carriers (intra-band
contiguous compounent carrigrs and/or infra-band non-contiguous component carricrs) for
carrier aggregation 1 the bigh speed mode 300, If that 18 the case, the network only may ondy
provide the ntra-band configuration 400. In both examples, during the SCell activation
procedure, relative to an inter-band deployment, the intra-band component carriers may have
more strolar properties, such that the complexity of the UE implementation can be reduced
by taking advantage of the similarities. For example, the AGC may be estimated for one
serving component carrier. Given that they belong to a same frequency band, the AGC
cstimation can be scaled for another intra-band component carrier of a serving cell that is
being activated. For instance, if the two component carriers are contiguous and have the same
bandwidth, the AGC estimation can be reused. Ifthe two component carriers are contiguous,
but have different bandwidths, the AGC estimation can be scaled up or down depending on
the ratio of the bandwidths. By reusing the AGC estimation, the total duration of the SCell

activation procedure may be reduced.

[B878] Figure 7 iflustrates an example of inter-band counfiguration 700 for carnier
aggregation, i accordance with some crabodiments. Here, out of the varnious possible camer
aggregation configurations described in connection with Figure 3, the network may configure
carrier aggregation for the high speed mode 300 {c.g., FR1 CA for HST) using inter-band
component carmers. In other words, in the coliocation configuration 700, the serving cells that
are configured for carner aggregation use component carriers that are in different frequency
bands. Figure 7 illustrates this configuration with an X-marks over the non-collocated cell

a0
o)

330 and the mira-band 340 and by removing Cell B. The inter-band component carricrs arg
used by the Cell A 520 and the inter-band cell 350, These two celis 520 and 350 (e g,

wdentifies of these cells) are added to the carrier aggregation configuration mformation,

16071 o an cxample, sigualing may be needed from the UE 310 1o mdicate s capability
for carrier aggregation in the high speed mode 300, where this capability supports miter-band
component carriers {or inter-band and mitra-band component carriers} for, for instance, FR1
CA in HST. In particular, the UE 310 can send UE capability information indicating whether

tt can support inter-band component carriers, intra-band contiguous component carriers, or

)
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mira-band non-contiguous component carriers for the carrier aggregation in the high speed
mode 300, In turn, the network may configure the carrier aggregation according to the

mdicated capability.

[6072] The example configurations of Figure 4-7 are provided for dlustrative purposes.
Each of these configurations can be used mdependently of the other configurations.
Ahematively or additionally, combinations of some or all of these configurations can be
used. A combination can be defined in a technical specification or can depend on signaling
from the UE 310 mdicating its capability to support the combination in the high speed mode
300. For mstance, inter-band component carrers may be only assumed {e.g., defined 1o the
technical specification) together with a collocated deployment for FR1 CA inthe HST. In this
case, the network may configore and the UE 301 may expect inter-band FRI CA for HST
onfy if those inter-band component camers are collocated. fn another ilhustration, the UE 310
indicates its capability to support inter-band FRI CA for HST when those miter-band CCs are
collocated and the network configures the CA aggregation accordingly. Or the UE 310
mdicates its capability to support inter-band FR1 CA for HST when those inter-band CCs arce

non-collocated and the network configures the CA aggrogation accordingly,

{6873} (Other vanations are also possible. For instance, an SCell activation delay can be
reduced by reducing the number of serving cells that can be activated and/or that can be

configured for subsequent or direct activation. In an example, a maximum namber of serving

cells {or, similarly, serving component carriers) for carner aggregation in the high speed
mode 300 may be defined in a technical specification. This number can be smaller than the
maximum number in legacy carrier aggregation {e.g., FR1 CA). For instance, the number is
smaller than eight. The network may follow this upper bound to implement the camer
aggregation for the UE 310 in the high speed mode 300. And the UE 310 may not expect
mwore than this upper bound of serving cells to be configured and activated for carrier
aggregation 1n the high speed mode 300. In another example, signaling 1s used, whereby the
UE 310 indicates to the network the maximum number of serving celis {or, simularly, serving
component carrigrs) that the UE 310 can support for carrier aggregation in the high speed
mode 300. The network configures and/or commands the UE to activate the serving cclis

accordingly .

[6674] In another vanation, the band combination (BC) of component carriers may be

adduionally or alternatively used. In one example of this vanation, the UE 310 may indicate

[
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its legacy BC capability to the network in, for wstance, UE capability mformation. When
contfigunng the carrier aggregation 1n the high speed mode 300, the network can configure
serving cells that have component carrers according to the legacy BC capabilitv. In another
example, the UE 310 may additionally indicate its BC capability specific to the high speed
mode 300. In this example, the network can configure serving celis that have component

carriers aceording to this high speed mode-specific BC capability.

I3675]  Once the carrier aggregation in the high speed mode 300 has been configured for
the UE 316 and includes mudtiple serving cells, additional enhancements may be performed
1o reduce the SCell activation delay. In one example, upon receiving a MAC CF clement to
start an SCell activation procedure or upon a direct SCell activation procedure (e.g., no MAC
CE used), the UE 310 may seloct a subset of the serving cells for activation {or, similarly, a
subset serving component carriersy. Measurements, such as intra-frequency measurements,
can be performed on the selected serving cells (or, similarly, the selected serving component
carriers). The primary component carrier 1s typically selected. Additionally, one or more
secondary component carriers that have been configured with intra-frequency measurement
objects can be selected randomly or based on cell/component carrier mdexes n an ascending
or descending order. Conversely, for the set of serving cells {or, similarly, serving
components), the network may select a subset for which the network configares intra-
frequency measuarement objects. The selection can be random or follow an ascending or
descending cell/component carrier index. The primary component carrier is typcally
configured with an mmtra-frequency measurement object. In this way, the network may
mdicate to the UE 310 that the primary component carrier is 1o be selected and, optionally,
the secondary componerd carriers with the corresponding intra~-frequency measurement

objects can be selected.

[6675] The above examples can be used in conjunction. For mstance, a collocated carrier
aggregation may be configured. In this configuration, the total number of serving cells that
can be activated is less than the maximum nomber predefined in a technical specification or
indicated by the UE 310, The specific component carrigrs may be infra-band non-contiguous
and belong to band combinations that the UE 310 supports. Some or all of these component

carriers may be configured with infra-band measurement objects.

{6677 Figure 8 illustrates an example of serving cell activation based on UE capability

information 1n a high speed mode 800, in accordance with some embodiments. UE 810 sends

i8
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UE capability information for carrier aggregation in a high speed mode to a gNB 828 In tum,
the gNB 820 configures the carrier aggregation for the UE in the high speed mode based on
the UE capability mformation. Configuring the carmer aggregation may include adding
serving cells for use in the carrier aggregation, where the addition 1dentifies the serving celis
and can be carned via a RRC connection reconfiguration, as described in connection with
Figure 2. One or more of these serving cells can be subsequently activated via a MAC CE

clement.

10678]  In an example, the UE capability information uses an IE that is specific to indicating
the UE’s capability for supporting carrier aggregation 1 the high speed mode. This IE can be
sent in addition to other {Hs mdicating the UE’s 810 for supporting carrier aggregation and/or
band combination i 3 legacy mode (¢ .g., a non-high speed mode}. Alternatively, the same IE
can be used, where, for instance, the UE 810 indicates its BC legacy combination o an {E
and the gNB 320 uses this TE to also configure the carrier aggregation m the hugh spee

mode. The capability information indicated for carrier aggregation in the high speed mode
can include any or a combination of the supported band combinations, the supported
maximum sumber of serving cells {or, similarly, serving component carriers), whether ingra-
band contiguous component carriers are supported, whether intra-band non-contiguous
component carriers are supported, whether mter-band component carners arg supported,
whether collocated serving cells are supported, and/or whether non-collocated serving cells
are supported. In the case when none of such capability information is signaled to the base
station 820, the base station 820 may assume {g.g., based on a requirement specified ina
technical specification) a nuntmum set of capabilities {¢.g., the maximum nomiber of
component carmiers 15 smaller than eight, the band combination s the same as the legacy

mode, intra-band contiguous component carriers in collocated serving cells are supported).

G079 Figure 9 llustrates an example of an operational flow/aigorithiie structure 900 for
performing carrier aggregation in a high speed mode, m accordance with some embodiments.
A UE can implement the operational flow/algonthmic structure 900 to improve an SCell
activation procedure in the high speed mode. The operational flow/algorithmic structure 960
may be performed or implemented by the UE, such as, for exampie, the UE 104, 1500, or
components thereof, for example, processors 1504, The UE can communicate with a base
station, such as a gNB. Nonetheless, the communication can stnmlarly mvolve or be directed

to a network that may mchide the base station and/or an RNC,
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{3680} The operation flow/algorithrmc stracturg 900 may mclude, at 902, sending, to the
base station, UE capability information. o some embodiments, the UE capability information
mdicates a set of capabilities that the UE supports for carrier aggregation in support of the
high speed mode as described m connection with Figure 9. The UE capability mformation
can be sent in an [E specific to the carrier aggregation for the high speed mode or can be
included in another IE sent for other purposes {¢.z., a legacy IE that can be augmented with
the mformation about the supported sct of capabilitics). In some other embodiments, the UE
capability information may not be sent. Instead, the network may assume a particular set of
capabilities that the UK supports for carrier aggregation in the high speed mode. In addition,
legacy UE capability information, such as the UE’s legacy band combination capability, may
be send by the UE and used by the network n configurng the carrier aggregation in the high

speed mode.

[3081] The operation How/algorithnuce structure 900 may melude, at 904, receiving, from
the base station, configaration information for the carrier aggregation in the high speed mode.
In some embodiments, the configuration information is generated based on the UE capability
mformation that was seut at operation 902, In some other embodiments, when no such UE
capability is sent, the configuration information is generated based on the assamed
capabilitics for carrier aggregation in the high speed mode and, optionally as applicable,
legacy band combination capabilitics. In the various embodiments, the configuration
mformation corresponds to serving ccht addition 1n an RRC connection reconfiguration. The
configuration mformation may indicate the set of serving cells that are added for the UE for
the carrier aggregation. At least one of the size of the set, a location of a serving cell that is
mdicated i the set (e.g., whether collocated or non-collocated with other serving cell{s}), ora
component carmier of the serving cell {e.g., whether in a same frequency band and contiguous
with ancther serving component carrier, in a same frequency band and non-contiguous with
another serving component carrier, or i a different frequency band than another serving
component carrier) is based on the high speed mode of the UE and, more specifically, is
based on signaled or assumed capability of the UT to support carrier aggregation n the high

speed mode.

[6082] The operation flow/algonthmic structure 900 may inclade, at 906, receiving, from
the base station, mformation to activate one or more serving cells. The serving cells

corresponds to the set of serving cells that are indicated in the configuration information. In
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some cmbodiments, the mformation includes a MAC CE with a bitmap that identifies the

serving cells that are to be activated.

{0683} The operation flow/algonthmic structure 900 may include, at 908, performing an
SCell activation procedure based on the mformation. In some embodiments, at least one of
the serving celis is activated. In other embodiments, all of the scrving cells mdicated for
activation by the bitmap are activated. In vet other embodiments, more than one and up to all
of the serving cells mdicated for the activation by the bitmap are activated. For mstance, the
UE can select {randomly or otherwise)} a subset of the serving cells that have been configured
with intra-frequency measurement objects and performs the activation procedure for only this

subset.

[G084] The operation flow/algorithmic structure 900 may inchude, ar 910, receiving or
sendimg data on an activated serving cell. In some embodiments, the activated serving cell
provides a PDSCH or PBCCH, where the UFE receives traffic data or control over the PDSCH
or PRCCH, respectively. In other embodiments, the activated serving provides a PUSCH,

where the UE sends traffic data over the PUSCH.

[B885] Figure 10 ilustrates another example of an operational flow/algorthmic structure
1000 for performing carrier aggregation 1 a high speed mode, in accordance with some
embodiments. A base station can imaplement the operational flow/algorithmic structare 1000
to avord, for instance, configuring carner aggregation and activating serving cells fora UE in
the high specd mode. The operation flow/algonthmic structure 1000 may be performed or
implemented by the base station, such as, for example, the gNB 108, 1600, or components
thereof, for example, processors 1604, Additionally or alternatively, the operation
flow/algorithmic structure 1000 may be similarly performed or implemented by a network

that may mnclude the base station and/or an KNC,

[3686] The operation How/algorithmic stracture 1000 may include, at 1002, receiving,
from the UE, UE capability information. In some embodiments, the UE capability
miormation indicates a set of capabilities that the UE supports for carrier aggregation in
support of the high speed mode as desenibed in connection with Figure 9. The UE capability
information can be sent in an IE specific to the carrier aggregation for the high speod mode or
can be mcluded n another 1E sent for other purposes {¢.g., a legacy 1E that can be augmented
with the information about the supported set of capabilities). In some other embodiments, the

UE capability information may not be received. Instead, the base station may assume a
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particular set of capabilities that the UE supports for carrer aggregation in the high speed
mode. In addition, legacy UE capability information, such as the UEs legacy band
combination capability, may be received trorn the UE and used by the base station m

configuring the carrier aggregation i the high speed mode.

[G087] The operation flow/algorithmic structure 1000 may include, at 1004, determining
that the UE 13 in the high speed mode (¢.g., the UE’s current operational mode s the lagh
speed mode). In some embodiments, this determination may rely on static information. For
mstance, the configuration of the base station may include a flag set to indicate that the base
station itsclf is associated with the high speed mode. Accordingly, the base station can
assumme that the connection with the UE corresponds to the UE being in the high speed mode.
In other embodiments, this determination may rely on dyvnamic information. Difforent types
of dynamic information are possible. In an example, the travel speed may be determined by
the base station or by the UE that then indicates it to the base station. If the travel speeds is
larger than a speed threshold of the high speed mode, the base station can determine that the
UE is in the high speed mode. In another example. the UE can include a selectable user
setting that sets the operational mode of the UE to be the high speed mode. In this example,
upon a user selection of this setting, the base station may receive an indication from the UE

that the UE 15 in the high speed mode.

{3088] The operation How/algorithnue structure 1000 may mclude, at 1006, generating
configuration information for carrier aggregation in the high speed mode. In some
embodiments, the configuration information is generated based on the UE capability
information that was received at operation 1002, In some other embodiments, when no such
UE capability 1s recerved, the configuration information is gencrated based on the assumed
capabilitics for carrier aggregation in the high speed mode and, optionally as applicable,
legacy band combination capabilitics. In the various embodiments, the configuration

information comresponds to serving cell addition 1 an RRC conmection reconfiguration.

1068%] The operation flow/algorithmic structure 1000 may include, at 1008, sending the
contiguration information to the UE. In some embodiments, the configuration information s
sent mn an RRC message that corresponds to the RRT connection recontiguration. The
configuration miormation may indicate the set of serving cells that are added for the UE for
the carmer aggregation. At least one of the size of the set, a location of a serving cell that is

mdicated m the set {e.g., whether collocated or non-collocated with other serving cell{s)), or a
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component carrier of the serving cell (¢.g., whether in a same frequeney band and contiguous
with another serving component carrer, in 3 same frequency band and non-contigucus with
another scrving component carrier, or in a different frequency band than another serving
component carrier} is based on the high speed mode of the UE and, more specifically, is
based on signaled or assamed capability of the UE to support cartier aggregation in the high

speed mode.

13698] The operation Hlow/algorithmc stracture 1000 may include, at 1010, sending
mformation to activate ong or more serving cells. The serving cells correspond to the set of
serving cells that are indicated in the configuration information. In some emboduments, the
mformation includes a MAC CE with a bitmap that identifies the serving cells that are to be
activated. Further, the base station can select (randomly or otherwise) a subset from the set
for the activation and can indicate this subject in the bitmap. Additionally or alternatively, the
base station can configure particular ones of the serving cells with mtra-frequency
measurement objects, such that the UE can activate some or all of these particular serving

cell

721

{0891} The operation flow/algonthmic structure 1000 may include, at 1012, receiving or
sending data on a serving ceoll that has been activated. In some embodiments, the activaied
serving cell provides a PDSCH or PDCCH, where the base station {or another base station)
sends traffic data or control over the PBSCH or PDCCH, respectively. In other embodiments,
the activated serving provides a PUSCH, where the base station {or another base station}

receives traftic data over the PUSCH.

[6092] Figure 11 iHhustrates an example of direct serving cell activation based on UE
capability information in a high speed mode 1100, in accordance with some embodiments.
Here, direct refers to activating a serving cell automatically upon receiving a RRC connection
reconfiguration message and absent of a MAC CE for the activation. The tngger for this
direct activation is a UE s 1110 capability to support carricr aggregation in the high speed

mode, where this capability is signaled to a base station 1120,

{08931 Generally, direct SCell activation during SCell addition based on RRC 15 defined 1n
SGPP TS38.133 V16.5 .0 (2020-09), section 8.3 4 “The requirements in this clause apply for
UE being configured 1o the RRC reconfiguration message, TS 38.331 [2], with one SCell for

which the parameter sCellState is set to activated.
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{3694} The UE shall configure the SCell 1n activated state upon successful completion of
the RRC reconfiguration procedurs within the specified delay. Upon receiving the RRC
reconfiguration message tn slot », the UE shall be capable to transmit valid CSI report and
Niirect

apply actions for the directly activated 5Cell no later than in slot n + —F 555
- - NR siot lenigth

where;

Nireat = TRRC_Pmcess + T+ Tacn‘vmmn_time + TCSI_Re.ponmg - 3ms

Tz RC_Process

71 Delay fromslotn + unti the transmission of

NR slot length

RRCConnectionReconfigurationComplete message,
Note:  ¥ris UE voplementation dependent.

7 7acfiva!!mzjime and T(],S‘]W}{epm"iing are Sp@(}iﬁ'@d in clause 832, where the fOHO\Niﬂg

definitions of Trpssss and Trrssss aax shall override the existing ones:

- Triessss: the time o the end of the first complete §5B burst indicaied by the SMTC

Tr RC Prg cessTTh

after slotn + AL
NR slot length

- Trismssa_max: the ime to the end of the first complete $SB burst indicated by the

N o TRRCpyg o TTH
SMTC after slotn + ——&reeess
NR slot length

- In FRI, 10 case of intra-band 5Cell activation, the occasion when all active serving
celis and SCells being activated or released are transmitting SSB bursts in the same slot; in
case of inter-band SCell activation, the first occasion when the SCell boing activated s

transmitting SSB burst.

- In FR2, the occasion when all active serving cells and SCells being activated or

released are transmitiing S5B bursts in the same slot.”

[B895] Further, direct SCell activation during handover is defined in 3GPP T538.133
V16.5.0 (2020-09), section 8.3.5: “The requircments in this clause apply for UE being
configured m the RRC reconfiguration message, TS 38.331 {2}, for handover with one SCell

for which the parameter sCeliState is set to activated.
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The UE shall configure the SCell in activated state upon successful completion of the RRC

reconfiguration procedure within the specified delay. Upon receiving the RRC

reconfiguration message tn slot », the UE shall be capable to transmit valid CSI report and
Niirect

apply actions for the directly activated 5Cell no later than in slot n + —F 555
- - NR siot lenigth

5 Where:
Nireat = TRRC_pmv:ess Timerrupi + T+ T3+ .I.ar;ii'valion_time + TCSI_Re.pcning - 3ms
Trre Process: RRC procedure delay defined m clause 12 of TS 38.331 [2],

Tinterropt: Interraption time during handover as specified in clause 6.1.1,

- ~ Trre frocess T interrupt T . e
Vs Delay from slot 1 4~ lZ080 UCETRHED ynti] UE has obtained a valid TA
- NR slot length

10 command for the target PCell,
Ty Delay for applying the recetved TA for uphink transmission in the target PCell,
and greater than or equal to k+1 slot, where k 1s defined in clause 4.2 i TS 38 213,

Factivation time and Tcs1 reparing are specified in clavse 8.3.2, where the following

definitions of Trasse and Trirasss aziv shall overnde the existing ones:

5 - Trirsss: the time 1o the end of the first complete S5B burst indicated by the SMTC

ral .\ 4T AT
TRRC Process™1T interrupl it T2

afferslotn + - >
NRslot length

- Triresse max: the time to the end of the first complete SSB burst indicated by the

e T s Lo

: 0 . P RRCpyge +Tlnt7?'rupt""2’f"3
SMTC after slotn + Erocess ¢ :
NE slot length

- In FR1, in case of intra-band SCell activation, the occasion when all active serving

e
f—

cells and SCells being activated or released are transmitting SSB bursts i the same slot; in
case of inter-band SCell activation, the first oceasion when the SCell bemg activated 1s

transoutting S5B burst.

- In FR2, the occasion when ali active serving cells and SCells being activated or

released are transmitting SSB bursts in the same slot.”

o]
(]

689961  In the present disclosure, a similar direct 5Cell activation procedure can be used,
except that the trgger for this divect SCell activation procedure is the UE s capability to

support carrier aggregation in the high speed mode. For jnstance, any of the above

o
o
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requirements can apply when the UE signals this capability to the base station and upon an

SCell addition based on RRC or an SCell activation during handover.

{08977  As illustrated 1 Figare 11, the UE 1110 sends UE capability information {o the
gNB 1120 mdicating that the UE 1110 supports carrier aggregation in the high speed mode
{e.g., HST FR1 CA). The UE capability mformation can be sinular to the one described in
connection with Figure 9. In tum, the network configures a set of serving cells for the carrier
aggregation based on the UE capablity information and sends this information as a per of the
RRC connection reconfiguration. Upon receiving this RRC message. the UE 1110 excecutes

the SCell addition command and automatically activates one o1 more of the serving cells.

[6898] Figure 12 illustrates an example of an activation procedure that us¢s a shortenad
serving cell activation duration 1200, in accordance with some embodiments. Here, the
shortened serving cell activation duration 1200 1s based on a UE s 1210 capability to support
carrier aggregation in a high speed mode. The UE 1210 may, but need not, signal this
capability to a gNB 1220.  signaled, the gNB 1220 may, but need vot, configure serving
cells for the carrier aggregation based on the UE capability information. In these vartous
cases, during the SCell activation procedure, the UE can reduce its duration by reusing some
information from one or more alrcady activated serving cells in the activation of one or more

other serving cells.

136991 Ag illustrated, the UE 1210 receives a RRE connection reconfiguration message
from the gNB 1220 indicating serving cells that are added for the carrier aggregation,
executes the SCell addition command, and send a RRC connection reconfiguration complete
message to the gNB 1220, Subsequenily, the UE 1210 recetves a MAC CE from the gNB
1220 1o activaie some or ali of the serving cclis. The UE 1210 procceds with the SCell
activation procedure, where some restrictions may be applied to shorten the activation delay.
In an example, a resiriction indicates that SCell activation for the high speed mode only
applics when a synchronization signal block {(SSB) measurement timing configuration
{(SMTC) of a target serving cell is below a certain time threshold. The time threshold can be
cqual to or smaller than eighty milliseconds or some other value defined in a technical
specification. In another example, coarse cell iming information of a primary cell or an
already activated SCell can be reused for the target serving celf that is being activated. In yet
another example, the AGC estiunation can be scaled trora the PCell or the already activaied

SCell for the target SCell that 1s being activated. In this example, the UE can skip or shorten
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the AGC settling time for an unknown to-be-activated SCell or a known to-be-activated SCell
with a particealr RRC parameter that controls the measurement requurement for this SCell
{c.g., with measCycleSCell farger than onc-hundred and sixty nulliseconds). In a further
exarople, the Doppler shift estimation from the PCell or the already activated SCell can be
reused in the time compensation for the Doppler shift in the serving cell that is being
activated when, for instance, the PCell or the already activated SCell is collocated with the

target SCell.

101608} Figure 13 illustrates another example of an operational flow/algorithmic stracture
1300 for performing carricr aggregation 1u a bigh speed mode, 11 accordance with some
embodiments. A UE can mmplement the operational flow/algorithmic structure 1300 to
shorten an SCell activation delay in the high speed mode. The operation flow/algorithmic
structure 1300 may be performed or implemented by the UE, such as, for example, the UE
104, 1500, or components thereof, for example, processors 1504, The UE can communicate
with a base station, such as a gNB. Nonetheless, the communication can similarly involve or

be directed to a network that may include the base station and/or an RN,

[6161] The operation flow/algonthmic structure 1300 may include, at 1302, receiving,
from the base station, configuration information for carrier aggregation in the high speed
mode. fn some embodiments, the configuration mformation is generated based on UE
capability information signaled by the UE to the base station about the UE’s support and/or
carrier aggregation capability in the high speed mode. In some embodiments, no such
mformation is signaled to the base station and the configuration information is not generated
accordingly. The configuration information corresponds o serving cell addition in an KRC
connection reconfiguration. The configuration information may indicate the set of serving

cells that are added for the UE for the carrier aggregation.

[3162] The operation How/algorithmuc stracture 1300 may nclude, at 1304, receiving,
from the base station, mformation to activate one or more serving cells. The serving cells
correspond to the set of serving cells that are indicated 1 the configuration information. In
some embodiments, the information ncludes a MAC CE with a bitmap that identifies the
serving cells that are to be activated. In other embodiments that relate direct SCell activation,
the configuration mformation is the same as the information to activate the one or more cells

{e.g., operations 1302 and 1304 are the same and collapse into one operation).

o
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{3183} The operation flow/algorithrme stracturg 1300 may include, at 1306, performing an
SCell activation procedure based on the information and the high speed mode. In some
cmbodiments, a trigger for the activation procedure or a duration of the activation procedure
1s based on a ligh specd mode of the UE. In particular, a direct SCell activation can be used,
where receiving the configoration information can trigger this direct SCell activation, as
described mn Figure 11, Additionally or altematively, the duration of the SCell activation
procedure can be reduced by activating a serving cell with a particular SMTC configuration,
reusing available coarse cell timing, reusing AGC estimation, and/or reusing Doppler shift

estimation as apphicable, as described in Figure 12,

(6184}  The operation flow/algonthmic structure 1300 may include, at 1308, receiving or
sending data on an activated serving cell. In some embodiments, the activated serving el
provides a PDSCH or PBCCH, where the UE receives traffic data or control over the PDSCH
or PBCCH, respectively. In other embodiments, the activated serving provides a PUSCH,

where the UE sends traffic data over the PUSCH.

16105]  Figure 14 iHustrates receive components 1400 of the UE 104, in accordance with
some embodiments. The receive components 1400 may inclode an antenna panel 1404 that
includes a number of antenna clements. The panel 1404 is shown with four anienna clements,

but other embodiments may 1nclude other numbers.

[3186] The antenna panci 1404 may be coupled to analog beamforming (BF} components
that include a number of phase shifters 1408(1)-1408(4}. The phase chifters 1408(1}-1408(4)
may be coupled with a radio-frequency (RF) chain 1412, The RF chain 1412 may amphify a
receive analog RF signal, downconvert the RE signal to baseband, and convert the analog
baseband signal to a digital baseband signal that may be provided to a baseband processor for

further processing.

{3187}  In vanous embodimenis, control circuitry, which may resids in a baseband
processor, may provide BF weights {for examplie W 1-W4), which may represent phase shift
values, to the phase shifters 1408(1)-1408(4) 1o provide a receive beam at the antenna panel

1404. These BF weights may be determined based on the channel-based beamforming.

[6108] Figure 15 illustrates a UE 1500, in accordance with some embodiments. The UE

1500 may be simtlar to and substantially mterchangeable with UE 154 of Figure [
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13169]  Similar to that described above with respect to UE 154, the UE 1500 may be any
mobile or non-mobile computing deviee, such as, for example, mobile phones, computers,
tablets, mdustrial wireless sensors (for example, nucrophones, carbon dioxide sensors,
pressure sensors, humidity sensors, thermometers, motion sensors, accelerometers, laser
scanners, Huid level sensors, tnventory sensors, clectric voltage/current meters, actuators,
etc .}, video surveillance/monitoring devices (for example, cameras, video cameras, ¢tc ),
wearable devices, or relaxed-loT devices. In some embodiments, the UE may be a reduced

capacity UE or NR-Light UE.

1611¢]  The UE 1300 may inchude processors 1304, RF mierface circuitry 1308,
memory/storage 15312, user interface 1516, sensors 1520, driver circuitry 1522, power
management mtegrated circuit (PMIC) 1524, and battery 1528. The components of the UE
1500 may be implemented as integrated circuits (1Cs), portions thereof, discrete clectronic
devices, or other modules, logic, hardware, software, firmware, or a combination thergof. The
block diagram of Figure 13 is intended to show a high-level view of some of the components
of the UE 1500, However, some of the components shown may be omitted, additional
components may be present, and different arrangements of the components shown may occur

i other implementations.

{3111}  The components of the UE 1500 may be coupled with various other components
over one or more interconnects 1532, which may represent any type of inferface,
mput/output, bus (local, system, or expansion), transmission ling, trace, optical connection,
cte. that allows various circoit components {on common or different chips or chipsets) to

interact with one another.

{6112} The processors 1504 may inchude processor circuitry, such as, for example,
bascband processor circuitry {BB) 15044, contral processor unit circuttry (CPU) 15048, and
graphics processor unit circuitry (GPU}Y 1504C. The processors 1504 may mclude any type of
cireuitry or processor circuitry that execuates or otherwise operates computer-executable
mstructions, such as program code, software modules, or functional processes from

merorv/storage 1512 to cause the UE 1300 to perform operations as described hercin.

(3113} In some embodiments, the bascband processor circuitry 1504A may access a
compunication protoeo! stack 1536 1o the momory/storage 1512 to cornmunicate over a
3GPP compatible network. In general, the baseband processor circuitry 1504A may access

the conmmunication protocol stack to: perform user plane functions at a FHY layer, MAC

29



10

[
(o]

0 2022/086645 PCT/US2021/050280

faver, RLC laver, PDCF laver, SDAP layer, and PDU layer; and perform control plane
functions at a PHY layer, MAC layver, RLC layer, PDCP layer, RRC laver, and a non-access
stratum “NAS” layer. In somue embodiments, the PHY laver operations may

additionally/alternatively be performed by the components of the RF miterface circuitry 1508,

[3114] The bascband processor circuitry 1504 A may generate or process basebhand signals
or waveforms that carry mformation in 3GPP-compatible networks, In some embodiments,
the waveforms for NR may be based on cyclic prefix OFDM {(CP-OFDM) m the uplink or
downlink, and discrete Founer transform spread OFDM (DFT-5-OFDM) in the uplink.

[6115] The baseband processor circuitry 1504A may also access group information 1524
from memory/storage 15172 to determine scarch space groups in which a number of

repetitions of a PRDCCH may be transmitted.

i3116] The memory/storage 1512 may include any type of volatile or non-volatile memory
that may be distributed throughout the UE 1500, In some embodiments, some of the
memory/storage 1512 may be located on the processors 1504 themselves (for example, L1
and L2 cache), while other memory/siorage 1512 is external to the processors 1504 but
accessible thereto via a memory interface. The memory/storage 1512 may include any
suttable volatile or non-volatile memory, such as, but not limited to, dyvnamic randon access
memory {BRAM), static random access memory (SRAM}, erasable programmable read only
memory (EPROM), electrically erasable programmable read only memory (EEPROM), Flash

memory, solid-state memory, or any other type of memory device technology.

{01177 The RF mterface circuitry 1308 may mnclude transcetver circuitry and a radio
frequency front module (RFEM]) that allows the UE 1500 to communicate with other devices
over a radio access network. The RF mterface curcuttry 1508 may include vanious elements
arranged in transmit or receive paths. These clements may mchude, for example, switches,

mixers, amplifiers, filters, synthesizer circuitry, control circuitry, ete.

(6118} In the receive path, the RFEM may receive a radiated signal from an air interface
via an antenna 1524 and proceed to filter and amplify {with a low-noise amplifier) the signal.
The signal may be provided 1o a receiver of the transceiver that down-converts the R¥ signal

uto a baseband signal that is provided to the baschand processor of the processors 1504,

10119]  In the transmit path, the transmitter of the transceiver up-converis the baseband

signal received from the baseband processor and provides the RF signal to the RFEM. The
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RFEM may amplify the RF signal through a power amplifier prior to the signal being

radiated across the air inderface via the antenna 1524,

[G128]  In varicus embodiments, the RE mterface circuitry 1508 may be configured fo

transmut/receive signals in a manaer compaiible with NR access technologies.

{31211 The antenna 1524 may include a number of antenna elements that cach convert
electrical signals into radio waves o travel through the air and to convert received radio
waves into electrical signals. The antenna elements may be arranged into one or more
antenna panels. The antennga 1574 may bhave antenna panels that are omnidirectional,
directional, or a combination thereof to cnable beamforming and sudtiple wput, multiple
output communications. The antenna 1524 may include microstrip antennas, printed antennas
fabricated on the surface of one or more printed circutt boards, patch antennas, phased amray
antennas, eic. The antenna 1524 may have one or more panels designed for speaific

frequency bands including bands in FR1 or FR2.

(6122} The user interface carcwtry 1516 includes various input/output (F0) devices
designed to enable user interaction with the UE 1500, The user interface 1516 includes mput
device ciremiry and output device circutiry. Input device circuitry moludes any physical or
virtual means for accepting an mput including, micr alia, one or more physical or virtual
buttons (for example, a reset bution), a physical kevboard, kevpad, mouse, touchpad,
touchscreen, migrophones, scanner, headset, or the bke. The cutput device circuitry includes
any physical or virtual means for showing mformation or otherwise conveying information.
such as sensor readings, actuator position{s), or other like mformation. Qutput device
circuitry may include any mumber or combinations of asdio or visual display, including, inter
alia, one or more simple visual outputs/indicators (for example, binary status indicators, such
as light emititing diodes {LEDs)) and multi-character visual outputs, or more complex outpuis
such as display devices or touchscreens (for example, hiquid crystal displays (LCDg), LED
displays, quantum dot displays, projectors, et ), with the output of characters, graphics,
muitimedia objects, and the hike being generated or produced from the operation of the UE

1560,

(3123} The sensors 1520 may include devices, modules, or subsystems whose purpose is i
detect events or changes in tis environment and send the mformation {sensor data) about the
detected events fo some other device, module, subsvstem, ete. Examples of such sensors

mclude, infer ofic, mertia measurement anits comprising accelerometers; gyroscopes; or
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magnetometers; microglectromechanical systems or nancelectromechanical systems
comprising 3-axis accelerometers; 3-axis gyroscopes; or magnetometers: fovel sensors; flow
sensors; teraperature sensors (for example, thermistors); pressure sensors, barometnic
pressure sensors; gravimeters; altimeters; image capture devices (for example, cameras or
lensless apertures); light detection and ranging sensors; proximity sensors {(for example,
infrared radiation detector and the hike); depth sensors; ambient light sensors; ultrasonic

transcetvers; microphonges or other hike audio capture devices; ctc.

10124}  The driver circuitry 15322 may include software and hardware clements that operate
to control particular devices that are embedded 1n the UE 1500, attached to the UE 1500, or
otherwise commumnicatively coupled with the UE 1300, The driver curcuttry 1522 may mclude
mdividoal drivers allowing other components to interact with or control varions input/cutput
(1/0) devices that may be present within, or connected to, the UE 1500, For example, driver
circuitry 1322 may include a display driver to control and allow access to a display device, a
touchsereen driver to control and allow access to a touchsereen mterface, sensor drivers (o
obtain sensor readings of sensor circuitry 1520 and control and allow access to sensor
cireuttry 1524, drivers to obtain actuator posttions of electro-mechanic components or control
and allow access to the electro-mechanic components, a camera driver 1o control and allow
access to an embedded image capture device, audio drivers to control and allow access to one

or more audio devices.

{3125]  The PMIC 1524 may manage power provided to various components of the UE
1500, In particular, with respect to the processors 1504, the PMIC 1524 may control power-

source selection, voltage scaling, battery charging, or DC40-DC conversion.

[3126] In some embodiments, the PMIC 1524 mayv control, or otherwise be part of, various
power saving mechanisms of the UE 1300, For exampile, 1f the platform UE is inan

RRC Conmnected state, where it 1s still connected to the RAN node as it expects to receive
tratfic shortly, then 1 may enter a state known as Dhscontinuous Reception Mode (DRX) after
a period of inactivity. During this state, the UE 1500 may power down for brief intervals of
time and thus save power. I there is no data traffic activity for an extended period of time,
then the UE 1500 mayv transition off to an RRC Idle state, where it disconnects from the
network and does not perform operations, such as channel guality feedback, handover, etc.
The UE 1500 goes into a very low power state and it performs paging where agaim it

periodically wakes up to listen to the network and then powers down again. The UE 1500
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may not receive data in this state; i order to receive data, it must transition back o

RRC Connected state. An additional power saving mode may aliow a device to be
unavatlable to the network for periods longer than a paging interval (ranging from seconds to
a few hours). During this time, the device 1s totally unreachable to the network and may
power down completely. Any data sent during this time incurs a large delay and it 1s assamed

the delay is accepiable.

i3127] A battery 1528 may power the UE 1500, although m some examples the UE 1500
may be mounted deploved in a fixed location, and may have a power supply coupled to an
clectrical gnid. The battery 1528 may be a lithiuro 1on battery, a metal-air battery, such as a
zinc-ait battery, an aluounume-air battery, a lithnum-air battery, and the like. In some
plementations, such as m vehicle-based apphications, the battery 1528 may be a typical

lead-acid automative battery.

13128] Figure 16 iHustrates a gNB 1600, in accordance with some embodiments. The gNB
node 16040 may be similar to and substantially mterchangeable with gNB 108, A base station,

such as the base station 162, can have the same or simular components as the gNB 1600

[3129] The gNB 1600 may include processors 1604, RF interface circuitry 1608, core

network (CN) mterface civeutry 1612, and memory/storage circuitry 1616,

10138} The componenis of the gNB 1600 may be coupled with various other components

OVer one Or more mierconnects 1628.

[6131] The processors 1604, RF mterface circuitry 1608, memory/storage circuitry 1616
{including communication protocol stack 1610), antenna 1624, and interconnects 1628 may

be similar to like-named elements shown and described with respect to Figure 10.

13132] The ON interface circmitry 1612 may provide conpectivity to a core network, for
exarple, a 3% Generation Core network {(3GC) using a 3GC-compatible network interface
protocol, such as carrier Ethernet protocols, or some other suitable protocol. Network
connectivity may be provided to/from the gNB 1600 via a fiber optic or wireless backhaul,
The CN miterface circuitry 1612 may include one or more dedicated processors or FPGAs to
comnuunicate using one or more of the aforementioned protocols. In some implementations,
the CN interface circuitry 1612 may include maltiple controliers to provide connectivity to

other networks using the same or different protocols.
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{31331t is well understood that the use of personally 1dentifiable nformation should
follow privacy policies and practices that are generally recognized as meeting or exceeding
mdustry or govemmenial requirements for mamtaining the privacy of users. In particular,
personally identifiable information data should be managed and handled so as to minimize
risks of unmtentional or unauthorized aceess or use, and the natore of authorized use should

be clearly indicated to users.

{3134} For one or more embodiments, at least one of the components set forth in one or
more of the preceding figures may be configured to perform one or more operations,
technigues, processes, or methods as st forth in the example section below. For example, the
baseband circuitry as deseribed above m connection with one or more of the preceding
figures may be configured to operate in accordance with one or more of the examples set
forth below. For another example, circuitry associated with a UE, base station, network
element, ete. as described above m connection with one or more of the preceding figures may
be configured to operate 1n accordance with one or more of the examples set forth below n

the example seotion.
[6135] Examples
[31356]  Inthe following sections, further exemplary embodiments are provided.

10137} Example | mchides a method mmplemented by a user equipment {UE), the method
comprising: receiving, from a base station, configuration information for carricr aggregation,
wherein the configuration information indicates a set of serving cells, wherein at least one of:
a size of the set, a location of a serving cell that s indicated m the set, or 8 component carrier
of the serving cell is based on a high speed mode of the UE, and wherein the high speed
mode is an operational mode that supports a travel speed of the UE larger than a speed
threshold; performing an activation procedure of at least one serving cell from the set; and

sending or recetving data on the at least one serving cell

(6138} Example 2 includes a method of example 1, further comprismg: sending, to the base

station, UE capability mformation indicating that the UE supports the high speed mode

[313%] Example 3 includes a method of example 2, wherein the UE capability mformation

1s sent in an information element that also indicates band combination capability of the UE.

[0140] {0001} Example 4 mcludes a method of example 2, wherein the UE capability

mformation 18 sent in a first information element, and wherein the method further comprises:
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sending, to the base station, a second information slement that mdicates band combination

capability of the UE

{0141} Example 5 includes a method of example 2, wherein the UE capability information
further indicates a number of serving colis that the UE supports for carrier aggregation in the

high speed mode, wherein the size of the set is equal to or smaller than the number,

i3142] Example 6 mchudes a method of example 2, wherein the UE capability mformation
further indicates band combinations of serving cells that the UE sapports for carmer
aggregation in the high speed mode, wherein the set includes serving cells having component

carriers hased on the band combinations.

[3143] Example 7 includes a method of any proceding example, wherein serving cells of

the set are collocated serving cells.

{0144} Example 8 includes a method of any preceding example, further comprising:
sending, to the base station, UE capability information mdicating that the UE supports non-
collocated serving cells in the high speed mode, wherein the configuration information
indicates, based on the UE capability information, at least two s¢rving cells that are non-

collocated.

10145}  Example 9 inchides a method of any preceding exampie, further comprising:

sending, to the base station, UE capability mformation indicating whether the UE supportis
mira~band component carriers or infer-band component carrigrs, wherein the configuration
mformation mdicates, based on the UE capability information, serving cells of the set that

have component carriers that arc in a same band or wn different bands.

[#146]  Example 10 mncludes a method of any preceding example, further comprising:
sending, to the base station, UE capability information indicating that the UE supports inter-
band component carriers and further indicating whether the UE supports non-collocated
serving cells, wherein the configuration mformation indicates, based on the UE capability
information, serving celis of the sct that that are collocated or non-collocated and have

component carriers that are 1 different bands.

13147] Example 11 includes a method of any preceding example, wherein the configuration
mformation further indicates an intra-frequency measurement object for the at least one
serving cell, and wherein the method further comprises: selecting the at least one serving cell

for activation based on the mtra-frequency measurement object,

Qoo
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{3148} Example 12 mncludes a3 method implemented by a base station, the method
comprising: determining that a UE 1s 1o a high speed mode, wherein the high speed mode is
an operational mode that supports a travel speed of the UE larger than a speed threshold;
generating configuration mformation for carrier aggregation, wherein the configuration
mformation indicates a set of serving cells, wherem at least one of a size of the set, a location
of a serving cell that is indicated in the set, or a component carrier of the serving cell is based

on the high speed mode; and sending the configuration information to the UE.

1314%] Example 13 includes a method of example 12, wherein a size of the set has an upper

bound that is pre-defined n a configuration of the base station.

[G153] Exampiec 14 includes a method of any preceding example 12-13, further comprising:
selecting at least one serving cell from the set; and including, n the configuration
mformation, an intra-frequency measurement objoct associated with the at least one serving

cell.

(6181} Example 15 includes a method of any preceding example 12-14, further comprismg:
determining, based on the high speed mode, serving cells that are collocated; and including,
in the configuration information, identifiers of the serving cells, wheren the identifiers

indicate the set of serving celis.

10182} Example 16 includes a method of any proceding example 12-15, further comprising:
determuning, based on the high speed mode, ntra-band component carners; and inclading, in
the configuration mformation, identificrs of serving cclls that have the intra~-band component

carriers, wherein the identifiers indicate the set of servimg cells

(31531  Example 17 mcludes a method of any preceding example 12-16, further comprising:
determining, based on the high speed mode, serving cells that are collocated and that have
mter-band component carriers; and including, in the configuration information, identifiers of

the serving cells, wherein the identificrs indicate the set of serving celis.

(6154} Example 18 includes a method implemented by a user equipment (UE}, the method
comprising: receiving, from a base station, configuration information for camrer aggregation,
wherein the configuration information indicates a set of serving cells; performing an
activation procedure of at least a serving cell from the set, wherein at least one of a tngger
for the activation procedure or a duration of the activation procedure is based on a high speed

mode of the UE, wherein the high speed mode s an operational mode that supports a travel
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speed of the UL larger than a speed threshold; and sending or receiving data on the serving

cell.

[B185] Example 19 includes a method of example 18, wheremn the configuration
information comprises RRC configuration information, wherein the method further
comprises: sending, to the base station, UE capability information indicating that the UE
supports the high speed mode, wherein the activation procedure 18 directly performed upon
receiving the RRC configoration information and absent of a media access control {(MAC)
control element {CE} to activate the serving cell, and wherein the RRC configuration

mformation corresponds to a serving cell addition or a handover

[G156] Exampie 20 includes a method of any preceding example 18-19, wherein
perforaung the activation procedure comprises reducing, based on the high speed mode, the
duration of the activation procedure by performing at least one of: selecting the serving cell
for activation based on a determination that the serving cell has a synchromization signal
block (85B) measurement timing configuration {SMTC) that is smaller than a time threshold;
using cell timing information associated with an already activated serving ccH in the
activation procedure of the serving cell; using antenna gam control (AGC) associated with
the already activated serving cell in the activation procedure of the serving cell; or using
Doppler shuft estimation associated with the already activated serving cell for Doppler shift in

the activation procedure of the serving cell.

[3187] Example 21 includes a UE comprising means to perform one or more elements of a

method described 1 or related to any of the examples 1-11 or 18-20.

[G158] Exampie 22 includes one or more non-transtiory computer-readable media
comprising mstructions to cause a UE, upon exccution of the mstructions by one or more
processors of the UE, to perform one or more elements of a method described in or related to

any of the examples 1-11 or 18-20.

[613%] Example 23 includes a UE comprising logic, modules, or circuitry to perform one or

more elements of a method described in or related to any of the examples 1-11 or 18-20.

[3166] Example 24 mcludes a UE comprising: one or more processors and one or more
computer-readable media comprising instructions that, when execated by the one or more
processors, cause the one or more processors to perform one or more elements of a method

described i or related to any of the examples i-11 or 18-20.

(O8]
~X



10

28

WO 2022/086645 PCT/US2021/050280

i3161] Example 25 includes a system comprising means to perform one or more elements

of a method described 1n or related to any of the examples 1-11 or 18-20.

{0162} Example 26 includes a base station comprising means to perform ong or more

clements of a method described in or related to any of the examples 12-17.

{31631 Example 27 imcludes ong or more non~fransitory computer-readable media
comprising instructions to cause a base station, upon execution of the nstructions by one or
more processors of the UE, to perform one or more clements of a method described in or

related to any of the examples 12-17.

(6164} Example 28 includes a base station comprising logic, modufes, or circuitry o
perform one or more elements of a method described 1n or related to any of the examples 12-

17.

13165] Example 29 includes a base station comprising: one or more processors and one or
more computer-readable media comprising mstructions that, when executed by the one or
more processors, cause the one or more processors to perform one or more clements of a

method described in or related to any of the examples 12-17.

i3166] Example 30 includes a system comprising means to perform one or more elements

of a method described 1o or related to any of the examples 12-17.

{01677 Any of the above-described examples may be combined with any other example (or
combination of examples), unless explicitly stated otherwise. The foregoing description of
one of more inplementations provides dlustration and description, but is not intended to be
exhaunstive or to limit the scope of embodiments to the precise form disclosed. Modifications
and varations are possible 1n light of the above tgachings or may be acquired from practice of

various embodiments.

{0168} Although the embodiments above have been deseribed in considerable detail,
numerous varations and modifications will become apparent to those skilled i the art once
the above disclosure is fully appreciated. It 1s intended that the following claims be

interpreted to embrace all such vanations and modifications.
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WHAT IS CLAIMED IS:
1. A method weplemented by a user equipment (UE), the method comprising:

recerving, from a base station, configuration mformation for carrier aggregation,
wherein the configuration information indicates a set of serving cells, wherein at least one of!
a size of the set, a location of a serving cell that is indicated 1 the set, or a component carrier
of the serving cell is based on a high speed mode of the UE, and wherein the high speed
mode 1s an operational mode that supports a travel speed of the UE larger than a speed
threshold;

performing an activation procedure ot at least one serving cell from the set; and

sendmg or receiving data on the least one serving cell,

[

The method of claim 1, further comprising:
sending, to the base station, UE capability information mdicating that the UE supporis

the high speed mode.

3. The method of claim 2, wherein the UE capability information is sent in an

information element that also indicates band combination capability of the UE.

4. The method of any of claims 1-3, wherein the UE capability information ts sent ina
first information element, and wherem the method further comprises:
sendmg, to the base station, a second information element that mdicates band

combination capability of the UE.

5. The method of any of claims 1-4, wherein the UE capability mformation further
mdicates a number of serving cells that the UE sapports for carrier aggregation in the high

specd mode, wherein the size of the set is equal to or smaller than the number.

6. The method of any of claims 1-3, wherein the UE capability mformation further
ndicates band combinations of serving cclls that the UE supports for carricr aggregation in
the high speed mode, wherein the set includes serving cells having component carriers base

on the band combinations.

7. The method of any of claims 1-6, wherein serving cells of the set are collocated

serving cells.

[9%]
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8. The method of any of claims 1-7, further comprising:
sending, to the base station, UE capability information indicating that the UE supports
non-collocated serving cells in the hugh speed mode, wherein the configuration information

mdicates, based on the UE capability information, at least two serving cells that are non-

(o]

collocated.

9. The method of any of claims 1-8, further comprising:

sending, to the base station, UE capability information indicating whether the UE
suppotts mmtra~band component carriers or inder-band component carriers, wherein the
configuration information indicates, based on the UE capability information, scrving cells of

10 the set that have component carriers that are in a same band or in different bands.

16 The method of any of claims 1-9, further comprisimg:
sendimg, (o the base station, UE capability information indicating that the UE supports
miter-band component carriers and further indicating whether the UE supports non-collocated

serving cells, wherein the configuration information indicates, based on the UE capability

15 mformation, serving cells of the set that that are collocated or non-collocated and have
component carriers that are in different bands.
11 The method of any of claims 1-10, wherein the configuration information further
indicates an mtra-frequency measurement object for the at least one serving celf, and wherein
the method further compnises:
20 selecting the at least one serving cell for activation based on the intra-frequency
measurement cbiect.
12, A base statiop comprising;
ONC OF MOore processors, and
one or more memories storing computer-readable instructions that, upon execution by
25 the one or more processors, configare the base station to:
determine that a UE is in a high speed mode, wherein the high speed mode is
an operational mode that supports a travel speed of the UE larger than a speed
threshold;
gencrate configaration information for carrier aggregation, wherein the
30 configuration information indicates a set of serving cells. wherein at least one of a
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size of the set, a location of a serving cell that is indicated in the set, or a component
carricr of the serving cell is based on the high speed mode; and

send the configuration information to the UE.

13, The base station of claim 12, wherein a size of the set has an upper bound that is pre-

defined in a configuration of the base station.

14, 'The base station of any of clatms 12 to 13, wherein the execution of the computer-
readable mstructions further configures the base station to:

select at least one serving cell from the set; and

inchide, in the configuration information, an mtra-frequency measurement

object associated with the at least ong serving cell.

15, 'The base station of any of claums 12 to 14, wherein the execution of the computer-
readable mstructions further configures the base station to:
determine, based on the high speed mode, serving cells that are collocated; and
inchude, in the configuration information, identifiers of the serving cells,

wherein the identifiers indicate the set of serving cells,

16, The base station of any of claims 12 to 15, wherein the execution of the computer-
readable mstructions further configures the base station to:
determine, based on the high speed mode, intra-band component carriers; and
mchude, in the configuration information, identifiers of serving cells that have
the intra-band component carriers, wherein the identifiers mdicate the sct of serving

cells.

17. The base station of any of claims 12 to 16, wherein the execution of the computer-
readable instructions further configures the base station to:
determine, based on the high speed mode, serving cells that are collocated and
that have mter-band component carriers; and
melude, in the configuration information, identifiers of the serving cells,

wheretn the identifiers indicate the set of serving cells.

18, A user equipment {UE) comprising:

O1C O MOre ProCessers, and
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one or more memories storing computer-readable instructions that, upon exccation by
the one or more processors, configure the UE to
receive, from a base station, configuration information for carricr aggregation,

wherein the configuration information indicates a set of serving cells;

(o]

perform an activation procedure of at least a serving cell from the set, wherein
at feast one oft a trigger for the activation procedure or a duration of the activation
procedure 18 based on a high speed mode of the UE, wherein the high speed mode s
an operational mode that supports a travel speed of the UE larger than a speed
threshold; and

10 send or receive data on the serving cell,

19 The UE of claim 18, wherein the configuration information comprises RRC
configuration information, wherein the execution of the computer-readable instructions
further configures the UE to:
send, to the base station, UE capabibity information indicating that the UE
15 supports the high speed mode, wherein the activation procedure is directly performed
apon receiving the RRC configuration mformation and absent of a media access
contral (MAC) control element {CE) to activatg the serving cell, and wherein the RRC

configuration mformation corresponds to a serving cell addition or a handover.

20. The UE of any of claims 18 to 19, wherein performing the activation procedure
20 comprises reducing, based on the high speed mode, the duration of the activation procedure
by performing at least one of’
selecting the serving cell for activation based on a determination that the
serving cell has a synchronization signal block (85B) measurement timing

configuration (SMTC) that 1s smaller than a time threshold;

25 using cell timing mformation associated with an alveady activated serving cell
i the activation procedure of the serving cell;
using antenna gain control {AGC) associated with the already activated
serving cell in the activation procedure of the serving cell; or
using Doppler shift estimation associated with the already activated serving
30 cell for Doppler shift 1o the activation procedurc of the serving cell.
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