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(54) Title: TIME CONSTRAINTS FOR SCHEDULING SOUNDING REFERENCE SIGNAL (SRS) TRANSMISSION IN MULTI-

PLE

300

COMPONENT CARRIERS (CCS)

R

Receive a UE capability report from a UE to indicate a capability of the UE for simultaneous uplink
transmissions over a plurality of CCs and a capability of the UE to use a specific component carrier (CC) as
a target carrier for sounding reference signal (SRS) carrier switching

l

overlaps in time with the SRS transmission

Generate a DCl to trigger a SRS transmission from the UE on a first CC, wherein an end symbol of the
DCl is separated by a time gap from a start symbol of an uplink {UL) transmission on a second CC that

from an end symbol of the DCI

Generate a DCl to trigger an UL transmission on a first CC between the UE and the base station,
wherein a start symbol of a SRS transmission from the UE on a second CC is separated by a time gap

FIG. 3

(57) Abstract: Some aspects of this disclosure relate to apparatuses and methods for implementing techniques for scheduling sounding
reference signal transmission and switching in aggregated component carriers.
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TIME CONSTRAINTS FOR SCHEDULING SOUNDING REFERENCE
SIGNAL (SRS) TRANSMISSION IN MULTIPLE COMPONENT CARRIERS
(CCS)

BACKGROUND

Field

{0001} The described aspects generally relate to scheduling sounding reference signal

(SRS) transmissions in multiple component carriers (CCs).

Related Art

{0002} The 3rd Generation Partnership Project (3GPP) has developed a new radio-access
technology known as fifth generation (5G) New Radio (NR). Carrier aggregation can
leverage multiple component carriers (CCs) to increase the etfective bandwidth available
10 a user equipment (UE) tn a wireless system such as a 3G NR system. Sounding
Reference Signal (SRS} is an uplink (UL) reference signal transmitted by a UE to a base
station. The transmission of SRS can be scheduled or triggered by a base station. The
base station can use the SRS to estimate the channel condition. The base station may
further use the channel estimate based on the SRS to select component carriers over
which to perform downlink transmissions, as well as to select the parameters used to
transmit the downlink transmissions. However, the transmission of SRS from the UE can

be limited by conditions of CCs and the capability of the UE.

SUMMARY

10003} Some aspects of this disclosure relate to apparatuses and methods for
implementing designs for time constraings related to sounding reference signal (SRS)
carrier-based switching and simultaneous UL transmissions in aggregated component
carriers {CCs) scheduled by a base station. A UE may be assigned a set of aggregated
CCs, and the base station may transmit downlink signaling over one or more of those
carriers. The UE may transmit sounding reference signal (SRS) symbols over the CCs so
that the base station can generate a channel estimate for the CCs. In some examples, a

UE may switch from the current CC to a target CC without a configured
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PUCCH/PUSCH, and then transmit SRS symbol over the target CC during a time period.
A base station can schedule the transmission of SRS at the target CC as well as other
uplink (UL} transmissions. Accordingly, carrier switching from current CC to a target
CC for SRS transmission in the target CC may impact other simultanecus UL
transmissions in multiple CCs besides the current CC and target CC. In some scenarios, a
UE may not be able of simultaneously transmit uplink signaling over all CCs assigned to
the UE, e.g., due to lunits on UE capability.

{6004] In order to reduce the potential conflict and constraints on UL transmissions from
the UE over other CCs, a base station can schedule the SRS transmussion and switching
according to some guidelines on time constraints to give the UE plenty of time to cancel
any potential conflicting UL transmission on other CCs. For example, a base station can
keep a time gap between the last symbol or end symbol of a Bownlink Control
Information (DCT) indicating Aperiodic SRS (Ap-SRS or A-SRS) on the target CC and
the first symbol or start symbol of the earliest low priority UL transmission, among a
group of overlapping UL transmissions with a priority lower than A-SRS, not to be less
than, or equivalently greater than or equal to, T757, with TR0 = max
{ Tg},.oc, e Tiﬁ',,.(,c; ... }, where Y;fwc can bhe the processing time for the UE to cancel an UL
transmission on {-th low priority carrier, or a constant shared by all CCs. The last symbol
or end symbol are used interchangeably, and the first symbol and the start symbol are
used interchangeably.

{0005] Alternatively, the base station can schedule a time gap between the first symbol of
the overlapping low priority UL transroission in i-th carrier, and a last symbol of DCI
indicating A-SRS on the target cell not to be less than, or equivalently greater than or
equal to, Tzfmch

{0006} In another embodiments, a base station can keep the time gap between the first
symbol of the earliest low priority SRS transmission on the target cell and a last symbol
of the last DCT among all DCIs indicating high priority transmissions on another carriers,
is not less than, , or equivalently greater than or equal to, T76Z, with TR5F = max

{Tg-mc, Y - S }, where T 15 a processing time for the UE to switch and prepare

for SRS transmission to the target cell. T;ggr(zc = carrier-switching Time + N, where N is
determined based on the UE UL processing capability of the target cell and SCS

corresponding to the smallest SCS configurations between SCS for the PDCCH
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scheduling high priority UL, and SCS for the target cell. Alternatively, the base station
can keep the gap between the first symbol of the earliest low priority SRS transmission on
the target cell, and a last symbol of a DCI scheduling a high priority UL transmission oo
i-th carrier, is not less than, or equivalently greater than or equal to, Témc.

{6007} If the guidelines on the time constraints are not satistied, the UE behavior can
include one of the following (1) UE will not cancel low priority channel transmission
(keep transmission of fow priority channel}, and UE will not transmit the high priority UL
channel transmission; (2) UE will cancel low priority channel transmission, but UE will
not transmit high priority channel transmission. The cancellation of low priority channel
transmission will be partially or fully depend on UE capability; and (3) this will be an
error case and UE behavior is undefined.

{0008} This Summary is provided merely for purposes of illustrating some aspects to
provide an understanding of the subject matter described herein. Accordingly, the above-
described features are merely examples and should not be construed to narrow the scope
ot spirit of the subject matter in this disclosure. Other features, aspects, and advantages of
this disclosure will become apparent from the following Detailed Description, Figures,

and Claims.

BRIEF DESCRIPTION OF THE FIGURES

10009} The accompanying drawings, which are incorporated herein and form part of the
specification, illustrate the present disclosure and, together with the description, turther
serve to explain the principles of the disclosure and enable a person of skill in the relevant
art(s) to make and use the disclosure.

106010} FIG. 1 dlusirates a wireless system for scheduling sounding reference signal
{SRS) transmission and switching in aggregated component carriers (CCs), according to
some aspects of the disclosure.

0011} FI1G. 2 illustrates a block diagram of a device to perform functions described
herein, according to some aspects of the disclosure.

{0012} FiG. 3 illustrates an example method performed by a base station for scheduling a
SRS transmission and switching in aggregated CCs, according to some aspects of the

disclosure.
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{0013} FIGS. 4A-48 tlustrate example timing diagrams with time constraints for a base
station to schedule a SRS transmission and switching in aggregated CCs, according to
some aspects of the disclosure.

{0014} FIGS. SA-5B illustrate example timing diagrams with time constraints for a base
station to schedule a SRS transmission and switching in aggregated CCs, according to
some aspects of the disclosure.

{0015} FIG. 6 1s an example computer system for implementing some aspects or
portion(s} thereof of the disclosure provided herein.

{0016} The present disclosure 18 described with reference to the accompanying drawings.
In the drawings, generally, like reference numbers indicate identical or functionally
similar elements. Additionally, generally, the left-most digit(s) of a reference number

identifies the drawing in which the reference number first appears.

DETAILED DESCRIPTION

{60617} For a wireless system such as a fifth generation (5(G) New Radio (NR) system,
multiple component carriers (CC), e.g., 5, or more, can be aggregated to form carrier
aggregation (CA) to be jointly used for transmission to and from a user equipment (UE).
Each aggregated carrier can be referred to as a component carrier (CC). In some systems,
a component carrier can have a bandwidth of 1.4, 3, 5, 10, 15, or 20 MHz.

{6018} Sounding Reference Signal (SRS) is an uplink (UL} reference signal transmitted
by a UE to a base station. SRS can provide information about the combined effect of
multipath fading The base station can use the SRS to estimate the channel condition.
There are a few types of SRS, such as a periodic (P-SRS), a semi-persistent SRS (§P-
SRS), or an aperiodic SRS (Ap-SRS or A-SRS). A P-SRS can be used for obtaining
long-term channel information, which can be configured by higher layer signaling, such
as radio resource control (RRC) signaling. The periodicity of P-SRS can vary such as
between 2ms to 320 ms. On the other hand, an Ap-SRS can be triggered either by
downlink (DL} or uplink (UL} grant via physical downlink control channel (PDCCH) or
Downlink Control Information (DCI). Once triggered, the UE can transmit a sounding
sequence in a time scheduled by the DCI for one-time transmission.

{00619} In some examples, some CCs may be configured to support SRS transmissions

without supporting uplink transmissions, such as physical uplink shared channel
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{(PUSCH) or physical uplink control channel (PUCCH) transmissions, while other carriers
can support both SRS transmissions and PUSCH/PUCCH transmissions. In some
examples, the UE may perform SRS carrier switching in order to periodically, or
aperiodically, transmit SRS symbols over the component carriers that do not support
PUSCH/PUCCH transmissions. Buring SRS carrier switching, the UE may switch from
the current CC to a target CC, and then transmit SRS over the target CC during a time
period. The current CC can be referred to as a source CC as well.

{6020} SRS switching from a current CC to a target CC may impact simultaneous UL
transmissions in multiple CCs besides the current CC and target CC. For a UE assigned
with a set of CCs, the UE may be incapable of simultaneously transmitting uplink signals
over all component carriers in the assigned CCs including the SRS transnussion at the
target CC. The umpact of SRS carrier switching on the overlapping UL transmissions on
other CCs may depend on various factors such as whether the simultaneous UL
transmission is within UE capability or not, which ttself depends on how UE capability
reports are specified. Even if the simultaneous transmissions on the target and other
cartiers are supported by the UE capability, tuning to the target carrier for SRS
transmission may result a “glitch” such as a temporary interruption on transmissions from
other (victim) carriers.

10021} However, some current wireless systems may have only considered the behavior
of the base station and the UE for SRS switching on the current carrier and the target
carrier, without specifying the UE or the base station behavior for other overlapping UL
transmissions in other CCs. Embodiments herein present techniques and mechanisms to
schedule SRS transmission and switching in aggregated CCs, considering the current
carrier, the target carrier, and other CCs. Time constraints for scheduling SRS
transmission and switching with multiple uplink transmissions tn multiple CCs besides
the source CC and the target CC are presented. The time constraints can limit the timing
the DBCls used to trigger or schedule the SRS transmisston on the target CC or other UL
transmissions on other CCs. In addition, a UE can provide an enhancement in capability
report to the base station so that the UE can indicate after the SRS switching, whether
other UL transmissions are still within or beyond the UE capability. With the enhanced
UE capability report, the base station can know the UE behavior accordingly after the

SRS transmission.
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FIG. 1 illustrates a wireless system 100 for scheduling SRS transmission and
switching in aggregated CCs, according to some aspects of the disclosure. Wireless
system 100 is provided for the purpose of ilustration only and does not limit the
disclosed aspects. Wireless systermn 100 can include, but is not limited to, UE 101, a base
station 103, a base station 105, and a base station 107, all communicatively coupled toa
core network 110, UE 101 communicates with base station 103 over a carrier 121,
communicates with base station 103 over a carner 123 through base station 105, and
communicates with base station 103 over a carrier 125 through base station 107. Carrier
121, carrier 123, and carrier 125 are component carriers between UE 101 and base station
103, and have slot formats comprised of DL and UL symbals.

In some exaroples, wireless system 100 can be a NR system, a LTE system, a 5G
system, or some other wirgless system. There can be other network entities, e.g., network
controller, a relay station, not shown. Wireless system 100 can support a wide range of
use cases such as enhanced mobile broad band (eMBB), massive machine type
communications {mMTC), ultra-reliable and low-latency communications (URLLC), and
enhanced vehicle to anything communications (eV2X).

According to some aspects, base station 103, base station 105, and base station
107 can be a fixed station or a mobile station. Base station 103, base station 103, and
base station 107 can also be called other names, such as a base transceiver system (BTS),
an access point (AP), a transmission/reception point { TRP), an evolved NodeB (eNB), a
next generation node B (gNB}, a 5G node B (NB), or some other equivalent terminclogy.
In some examples, base station 103, base station 105, and base station 107 can be
interconnected to one another and/or to other base station or network nodes in a network
through various types of backhaul interfaces such as a direct physical connection, a
virtual network, and/or the like, not shown.

According to some aspects, UE 101 can be stationary or mobile. UE 101 canbea
cellular phone (e.g., a smart phone}, a personal digital assistant (PBA}, a wireless modem,
a wireless communication device, a handheld device, a laptop, a desktop, a cordless
phone, a wireless local loop station, a wireless sensor, a tablet, a camera, a video
surveillance camera, a gaming device, a netbook, an ultrabook, a medical device or
equipment, a biometric sensor or device, a wearable device (smart watch, smart clothing,

smart glasses, smart wrist band, smart jewelry such as smart ring or smart bracelet), an
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entertainment device {e.g., a music or video device, or a satellite radio}, a vehicular

component, a smart meter, an industrial manufacturing equipment, a global positioning

system device, an Internet-of-Things (10T} device, a machine-type communication
(MTC) device, an evolved or enhanced machine-type communication (eMTC) device, or
any other suitable device that is configured to communicate via a wireless medium. For

example, a MTC and eMTC device can include, a robet, a drone, a location tag, and/or

the like.

According to some aspects, base station 103, base station 105, and base station
107 can be communicatively coupled to core network 110, Base station 103 can serve a
cell 102, base station 105 can serve a cell 104 contained within cell 102, and base station
107 can serve a cell 106 contained within cell 102, In some other embodiments, cell 102
can overlap partially with cell 104 or cell 106. Cell 102, cell 104, and cell 106 canbea
macro cell, a pico cell, a femto cell, and/or another type of cell. In comparison, a macro
cell can cover a relatively large geographic area, e.g., several kilometers in radius, a
femto cell can cover a relatively small geographic area, e.g., a home, while a pico cell
covers an area smaller than the area covered by a macro cell but larger than the area
covered by a femto cell. For example, cell 102 can be a macro cell, and cell 104 and cell
106 can be a pico cell or a femto cell. In some examples, the geographic area of a cell
can move according to the location of a mobile base station.

According to some aspects, base station 103 can be the serving base station, and
cell 102 can be the serving cell or primary cell. Cell 104 and cell 106 can be a secondary
cell, or a primary secondary cell. There can be other secondary cells tor UE 101, not
shown. Data for UE 101 can be simultanecusly transferred between UE 101 and core
network 110 by a radio connection between UE 101 and base station 103 at carrier 121, a
radic connection between UE 101 and base station 105 at carrier 123, and a radio
connection between UE 101 and base station 107 at carrier 125

According to some aspects, UE 101 can transmit SRS on the CCs to base station
103 For example, UE 101 can transmit SRS 131 over carrier 121, transmit SRS 133 over
carrier 123, and transmit SRS 135 over carrier 125, to base station 103. SRS 131, SRS
133, and SRS 135 can be a P-SRS, a SP-SRS, or an Ap-SRS. Accordingly, transmissions
of SRS 131, SRS 133, and SRS 135 can be scheduled by base station 103 by various
means. For example, if SRS 131 is a P-SRS, SRS 131 can be scheduled by a RRC
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signaling from base station 103. I SRS 131 is an Ap-SRS, SRS 131 can be scheduled by
DCT 132 from base station 103, Similarly, if SRS 133 15 an Ap-SRS, SRS 133 can be
scheduled by DCI 134 from base station 103; and if SRS 135 is an Ap-SRS, SRS 135 can
be scheduled by DCT 136 from base station 103

6029} According to some aspects, UE 101 can transmit other UL transmissions such as
PUSCH or PUCCH on any of the CCs, e.g., carrier 121, carrier 123, or carrier 125, not
shown. In some examples, some CCs may be configured to support SRS symbol
transmissions without supporting uplink transmission, such as PUSCH or PUCCH
transmissions, while other carriers can support both SRS symbol transmissions and
PUSCH/PUCCH transmissions. In some embodiments, the UE may perform SRS
switching in order to periodically, or aperiodically, transmit SRS symbols over the
component carriers that do not support PUSCH/PUCCH transmissions.

{6030} There can be some prioritization rules defined for simultaneous transmission of
SRS on the target carrier and UL transmissions on other carriers. The prioritization rules
can specify which UL transmissions are dropped once simultaneous UL transmissions are
beyond UE's indicated UL-CA capability. For example, if the SRS 131 is an Ap-SRS,
SRS 131 may have higher priority than other UL transmissions on other carriers. On the
other hand, if the SRS 131 is a P-SRS, SRS 131 may have a lower priority than some UL
transmissions on other carriers.

{0031} In addition, UE 101 can transmit a capability report 137 to report to base station
103 the UE capability to support simultaneous UL transmissions besides the SRS
transmissions. I UE 101 reports the target cell for SRS carrier switching as part of UE’s
UL-CA capability reports, the simultanecus transmissions only on the reported bands, or
Band Combination (BC), or Feature Set (FS), or Feature Set Per Component-carrier FSPC
is assumed to be under UE’s capability, otherwise the base station can consider all
simultaneous transmissions on other UL carriers as being beyond UE’s capability. In
some examples, target cell for SRS carrier swiiching can be a DL carrier that is not
configured with PUCCH/PUSCH (UE only switches to this carrier for SRS transmission).
Other UL carriers can be regular UL carriers that can be inter-band or intra-band with the
source carrier or the current carrier. For example, UE 101 can indicate parallel TxSRS-
PUCCH-PUSCH for band combination C1 and C2 (both UL carriers), but not for CO and
2 (C0 is DL carrier). W UE 101 is indicated to switch from C1 to CO, base station 103
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cannot assume that UE is capable to simultanecusly transmit SRS on €0 and
PUCCH/PUSCH on C2. In some other examples, UE 101 indicates parallel TxSRS-
PUCCH-PUSCH for band combination C1 and C2 (both UL carriers), and for C0 and C2
(CO is DL carrier). If UE is indicated to switch from C1 to CO, base station 103 can
assume UE is capable to simultaneously transmit SRS on CO and PUCCH/PUSCH on C2.

FIG. 2 illustrates a block diagram of a device 200, having antenna panel 217
including one or more antenna elements, e.g., an antenna element 219 coupled to
transceiver 203 and controlled by processor 201, Device 200 can be used to implement
UE 101 or base station 103, In detail, transcetver 203 can include radio frequency (RF)
circuitry 216, baseband transmission circuitry 212, and baseband reception circuitry 214,
RF circuitry 216 can include multiple parallel RF chains for one or more of transmit or
receive functions, each connected to one or more antenna elements of the antenna panel.
In addition, processor 201 can be communicatively coupled to a memory device 211,
which are further coupled to the transcetver 203. Memory device 211 can include
instructions, that when executed by the processor 201 perform the functions to implement
time constraints related to scheduling SRS transmission and carrier-based switching in
CC aggregation described herein. Alternatively, the processor 201 can be “hard-coded”
to perform the functions described herein.

F1G. 3 illustrates an example method 300 performed by a base station for
scheduling a SRS transmission and switching in aggregated CCs, according to some
aspects of the disclosure. FIGS. 4A-4B and 5A-5B illustrate example timing diagrams
with time constraints for a base station to schedule a SRS transmission and switching in
aggregated CCs according to method 300, Method 300 can be performed by base station
103 as shown in FIG. 1 or device 200 as shown in FIG. 2.

At 302, base station 103 can receive a UE capability report from a UE to indicate
a capability of the UE for simultaneous uplink transmissions over a plurality of CCs and a
capability of the UE to use a specitic CC as a target carrier for SRS carrier switching. For
example, base station 103 can receive UE capability report 137 from UE 101 to indicate a
capability of UE 101 for simultaneous uplink transmissions over a plurality of CCs, e.g.,
carrier 121, carrier 123, or carrier 125, UE capability report 137 can also indicate a

capability of UE 101 to use a specific CC as a target carrier for SRS carrier switching,
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{0035} At 304, base station 103 can generate a BCI to schedule a SRS transmission from
the UE on a first CC, where an end symbol of the DCI is separated by a time gap from a
start symbol of an UL transmission on a second CC that overlaps in time with the SRS
transmission. The UL transmission on the second CC has a priority lower than the SRS
transmission on the first CC, and the time gap is at least not less than, or equivalently
greater than or equal to, a processing time T;mc tor the UE to cancel the UL transmission
on the second CC.

{0036} For example, as shown by time diagram 410 in F1G. 4A, base station 103 can
generate a DCI 401 that can schedule a SRS 402 to be transmitted over a carrier C0. SRS
402 can be an Ap-SRS. The carrier CO can be carrier 121 as shown in FIG. 1. In some
examples, the carrier CO is not a regular UL carrier and not configured for
PUSCH/PUCCH transmissions. DCI 401 canbe of a DCI format 2 3. An UL
transmission 403 is scheduled to be transmitted over carrier C1, and an UL transmission
405 is scheduled to be transmitted over carrier C2, where C1 can be carrier 123 and C2
can be carrier 125, UL transmission 403 can be a PUSCH transmission of a periodic
Channel State Information (P-CSI) report, while UL transmission 405 can be a P-SRS.
Both UL transmission 403 and UL transmission 405 can have a lower priority than SRS
402, and overlap in time with SRS 402, The overlapping between UL transmission 403,
UL transmission 405, and SRS 402 can include any interruption due to UL/DL radio
frequency (R¥F) retuning time as defined by higher fayer parameters switchingTimelUL
and switchingTimeDL of SRS-SwitchingTimeNR.

10037} A time gap T1 between the end symbol of DCI 401 and the start symbol of UL
transmission 403 cannot be less than, or equivalently greater than or equal to, T4,
which is a processing time for UE 101 to cancel UL transmission 403 on C1 when UE
101 cannot transmit SRS 402 over carrier CO, UL transmission 403 over carrier Cl, and
UL transmission 405 over carrier C2 simultaneously. Similarly, a time gap T2 between
the end symbol of DCT 401 and the start symbol of UL transmission 405 cannot be less
than, or equivalently greater than or equal to, Ty, which is a processing time for UE
101 to cancel UL transmission 405 on €2 when UE 101 cannot transmit SRS 402 over
carrier CO, UL transmission 403 over carrier C1, and UL transmission 405 over carrier C2

simultanecusly.
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{6038} In some examples, Ty, is the processing time required for UE to cancel UL
transmission on I-th low priority carrier, such as T?}.mc or szmc shown 1o FIG. 4A. In

sroc can be defined as Tyoc = Tprocp + d°, where Ty can be

some examples, T,
specified by TS 38.214, Sec. 6.4, with dy ; = dy, = d, =0, and N2, N2 is determined
based on the UE UL processing capability of the i-th UL low priority carrier and
subcarrier spacing (SC8) corresponding to the smallest SCS configurations among the
SCS for the PDCCH scheduling A-SRS over the target cell, and the SCS for the i-th low
priotity UL transmission. d*>=0 is based on UE capability if the transmission on the i-th
low priority UL carrier is already started. Alternatively, T;mc for the i-th low priority
carrier can be only based on N2, as defined above.

{0039} The time gaps T1 and T2 are merely examples to be satisfied by DCI1 401 to
schedule SRS 402 to be transmitted over carrier CO. Other time constraints can be
implemented as well. For example, as shown by time diagram 420 in FIG. 4B, a time gap
T can be imposed to separate the end symbol of DCIE 401 and both the start symbol of UL
transmission 403 and the start symbol of UL transmission 405 The time gap T cannot be
less than, or equivalently greater than or equal to, TJ757, with TR = max
{Torocs -« Té,,.(,c; ... }, where Y;fwc is as defined above tor FIG. 4A. The time gap T 15 at
least as large as individual Tgfmc so that there 1s enough time tfor UE 101 to cancel any of
the UL transmissions when UE 101 cannot transmit SRS 402 over carrier CO, UL
transmission 403 over carrier C1, and UL transmission 405 over carrier C2
simultaneously. In general, base station 103 can keep a time gap between the last symbol
of DCE 401 indicating an Ap-SRS on target CC and the first symbol of the earliest low
priority UL transmission, among a group of overlapping UL transmissions with a priority
lower than A-SRS, not to be less than, or equivalently greater than or equal to, Tp757.

10040} At 300, base station 103 can generate a DCI to trigger a UL transmission on a first
CC between the UE and the base station, when: a start symbol of a SRS transmission
trom the UE on a second CC is separated by a time gap from an end symbol of the DCY
the UL transmission on the first CC has a priority higher than the SRS transmission, the
UL transmission on the first CC overlaps in time with the SRS transmission, and the time
gap 1s at least not less than, or equivalently greater than or equal to, a processing time

Tiroc for the UE to switch SRS transmission to the second CC.
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{0041} For example, as shown by time diagram 510 in FIG. 54, base station 103 can
generate a DCT 502 to trigger an UL transmission 303 on a first CC, C1, between UE 101
and base station 103. BCI 502 can be of a DCI format 1. A SRS transmission 501 from
UE 101 is scheduled on CC CO. SRS transmission 501 can be a P-SRS, which canbe a
low priority SRS, The UL transmission 503 on C1 has a priority higher than the SRS
transmission 501 on CO. The UL transmission 503 on C1 overlaps in time with the SRS
transmission 501, A start symbol of SRS transmission 501 on €0 is separated by a time
gap '!’;mc from an end symbol of BCI 502, The time gap T;mc is at least not less than, or
equivalently greater than or equal to, a processing time for the UE to switch SRS
transmission to CO. Similarly, base station 103 can generate a DCI 504 to trigger an UL
transmission 505 on a CC, €2, between UE 101 and base station 103. DCI 504 can be of
a DCI format 2. The UL transmission 505 on C2 has a priority higher than the SRS
transmission 501 on CO. The UL transmission 505 on C2 overlaps in time with the SRS
transmission 501 oo CO. The start symbol of SRS transmission 501 on C0 is separated by
a time gap T;:mc from an end symbol of DCI 504, The time gap 7}_fmc is at feast not fess
than, or equivalently greater than or equal to, a processing time for the UE to swiich SRS
transmission to CO from a source carrier, not shown. In some examples, T;mc, such as
Tgmc and sz,-ac, can be defined as T;mc = SRS-SwitchingTime + N, where N is a constant
selected based on the UE reported capability as the minimum time interval in unit of
symbols, between the DCT and SRS transmission, and 1s determined based on the
numerclogy of the switch to cell and the cell carrying the grant.

0042} The time gap T1 and T2 are merely examples to be satisfied by DCI 502 and DCI
504 to schedule UL transmissions to be transmitted over CCs that are transmitied
simultanecusly with SRS transmission. Other time constraints can be implemented as
well. For example, as shown by tume diagram 520 in FIG. 5B, a time gap T can be
imposed to separate the start symbol of SRS transmission 501 and end symbol of DCI
502 and the end symbol of DCI 504, The time gap T cannot be less than, or equivalently
greater than or equal to, T)267, with TRSY = max {Trocs .o Témw ...}, where T;mc is as
defined above for FIG. SA. The time gap T is at least as large as individual Tgrm,. In
general, when UE 101 is scheduled by a DCIE or a set of DCls, to transmit a high priority
UL transmissions on a serving cell overlapping with a low priority SRS transmission on a

carrier without configured PUSCH/PUCCH, including any interruption due to UL/DL RF
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retuning time, and simultaneous transmission is beyond UE’s capability, the base station
can keep the gap between the first symbol of the earliest low priority SRS transmission on
the target cell and a last symbol of the last DCI among all DCIs indicating high priority
transmissions on another carriers, is not less than, or equivalently greater than or equal to,
Torer with TRaY = max {Thocr s Tirocr -+« -

{0043} In addition to the constraints on the time gap between various DCls and the SRS
transmissions, the base station can also follow some additional rales in scheduling DCls.
For exaruple, if base station 103 has already scheduled a DCI that triggers a higher
priority UL transmission in CC C1, base station 103 may not schedule another DCI that
triggers a low priotity UL transmission in CC C2 that overlaps with the higher priority
UL transmission in C1. Hence, UE 101 may not monitor any DCls that may trigger a
lower priority UL transmission. As another example, if base station has already scheduled
a higher priority periodic {or semi-persistent} UL transmission in CC C1, base station 103
may not schedule another DCI that triggers a low priority UL transmission in CC CZ2 that
overlaps with the higher priority UL transmission in C1.

10044} In some examples, if base station 103 does not follow the time constraints
illustrated in operations at 304 or 306, UE 101 can perform various operations according
to some illustrative examples. For example, UE 101 may not cancel low priority channel
transmissions (keep transmission of low priority channel), and UE 101 may not transmit
the high priority UL channel transmissions. Alternatively, UE 101 can cancel low
priority channel transmissions, but UE 101 mway not transmit high priority channel
transmissions. The cancellation of low priority channel transmissions may partially or
tully depend on UE capability. Alternatively, subject to UE capability, UE 101 can
partially cancel low priority channpel transmissions, and UE 101 may transmit (partially or
fully) high priority channel transmissions. In some other examples, UE 101 may simply
treat the DCls as an error case and UE behavior is undefined.

{0045} Various aspects can be implemented, tor example, using one or more computer
systems, such as computer system 600 shown in FIG. 6. Computer system 600 can be any
computer capable of performing the functions described herein such as UE 101, base
station 103, base station 105, base station 107, or device 200 a3 shown in FIG. 1 and FIG.
2, and operations shown in FIG. 3, FIGS. 4A-4B, and FIGS. 5A-5B. Computer system

600 includes one or more processors {also called central processing uuits, or CPUs), such
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as a processor 604, Processor 604 is connected {0 a communication infrastructure 606
{e.g., a bus). Computer system 600 also includes user input/output device(s) 603, such as
monitors, keyboards, pointing devices, etc., that communicate with communication
infrastructure 606 through user input/output interface(s) 602. Computer system 600 also
includes a main or primary memory 608, such as random access memory (RAM}. Main
memory 608 may include one or more levels of cache. Main memory 608 has stored
therein control logic (e.g., computer software) and/or data.

Computer system 600 may also include one or more secondary storage devices or
memory 610, Secondary memory 610 may include, for example, a hard disk drive 612
and/or a removable storage device or drive 614. Removable storage drive 614 may be a
floppy disk drive, a magnetic tape drive, a compact disk drive, an optical storage device,
tape backup device, and/or any other storage device/drive.

Removable storage drive 614 may interact with a removable storage unit 618,
Removable storage unit 618 includes a computer usable or readable storage device having
stored thereon computer software {control logic) and/or data. Removable storage unit 618
may be a floppy disk, magnetic tape, compact disk, DVD, optical storage disk, and/ any
other computer data storage device. Removable storage drive 614 reads from and/or
writes to removable storage unit 618 in a well-known manner.

According to some aspects, secondary memory 610 may include other means,
instrumentalities or other approaches for allowing computer programs and/or other
instructions and/or data to be accessed by computer system 600, Such means,
instrumentalities or other approaches may include, for example, a removable storage unit
622 and an interface 620. Examples of the removable storage unit 622 and the interface
620 may include a program cartridge and cartridge interface {(such as that found in video
game devices), a removable memory chip (such as an EPROM or PROM) and associated
socket, a memory stick and USB port, a memory card and associated memory card slot,
and/or any other removable storage unit and associated interface.

In some examples, main memory 608, the removable storage unit 618, the
removable storage untt 622 can store nstructions that, when executed by processor 604,
cause processor 604 to perform operations for a UE or a base station, e.g., UE 101, base

station 103, base station 103, base station 107, or device 200 as shown in FIG. 1 and FIG.
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2. In some examples, the operations include those operations dlustrated and described in
FIG. 3, FIGS. 4A-4B, and FIGS. 5A-5B.

Computer system 600 may further 1nclude a communication or network interface
624. Communication interface 624 enables computer system 600 to communicate and
interact with any combination of remote devices, remote networks, remote entities, etc.
(individually and collectively referenced by reference number 628). For example,
corumunication interface 624 may allow computer system 600 to communicate with
remote devices 028 over communications path 626, which may be wired and/or wireless,
and which may include any combination of LANs, WANSs, the Internet, etc. Control logic
and/or data may be transmitted to and from computer system 600 via communication path
626. Operations of the coromunication interface 624 can be performed by a wireless
controller, and/or a cellular controller. The cellular controller can be a separate controller
to manage communications according to a ditferent wireless communication technology.
The operations in the preceding aspects can be implemented tn a wide variety of
configurations and architectures. Therefore, some or all of the operations in the preceding
aspects may be performed in hardware, in software or both. In some aspects, a tangible,
non-transitory apparatus or article of manufacture includes a tangible, non-transitory
computer useable or readable medium having control logic (software) stored thereon is
also referred to herein as a computer program product or program storage device. This
includes, but is not lumited to, computer system 600, main memory 608, secondary
memory 610 and removable storage units 618 and 622, as well as tangible articles of
manufacture embodying any combination of the foregoing. Such control logic, when
executed by one or more data processing devices {such as computer system 600}, causes
such data processing devices to operate as described herein.

Based on the teachings contained in this disclosure, it will be apparent to persons
skilled in the relevant art(s) how to make and use aspects of the disclosure using data
processing devices, computer systems and/or computer architectures other than that
shown in FIG. 6. In particular, aspects may operate with software, hardware, and/or
operating system implementations other than those described herein.

It is to be appreciated that the Detailed Description section, and not the Summary
and Abstract sections, 15 intended to be used to interpret the claims. The Summary and

Abstract sections may set forth one or more, but not all, exemplary aspects of the



WO 2022/236462 PCT/CN2021/092341
-16 -

disclosure as contemiplated by the inventor{s), and thus, are not intended to limit the
disclosure or the appended claims in any way.

{0053} While the disclosure has been described herein with reference to exemplary
aspects for exemplary fields and applications, it should be understood that the disclosure
is not limited thereto. Other aspects and modifications thereto are possible, and are within
the scope and spirit of the disclosure. For example, and without limiting the generality of
this paragraph, aspects are not limited to the software, hardware, firmware, and/or entities
iHustrated in the figures and/or described herein. Further, aspects (whether or not
explicitly described herein) have significant utility to fields and applications beyoud the
examples described herein.

{0054] Aspects have been described herein with the aid of functional building blocks
itlustrating the implementation of specified functions and relationships thereof. The
boundaries of these functional building blocks have been arbitrarily defined herein for the
convenience of the description. Alternate boundaries can be defined as long as the
specified functions and relationships (or equivalents thereot) are appropriately performed.
In addition, alternative aspects may perform functional blocks, steps, operations,
methaods, etc. using orderings different from those described herein.

{0055] References herein to “one embodiment,” “an embodiment,” “an example
embodiment,” or similar phrases, indicate that the embodiment described may include a
particular feature, structure, or characteristic, but every embodiment roay not necessarily
include the particular feature, structure, or characteristic. Moreover, such phrases are not
necessarily referring to the same embodiment. Further, when a particular feature,
structure, or characteristic is described in connection with an embodiment, it would be
within the knowledge of persons skilled in the relevant art(s) to incorporate such feature,
structure, or characteristic into other aspects whether or not explicitly mentioned or
described herein.

10056 The breadth and scope of the disclosure should not be limited by any of the above-
described exemplary aspects, but should be defined only in accordance with the following
claims and their equivalents.

{B08TY The present disclosure contemplates that the entities responsible for the collection,
analysis, disclosure, transfer, storage, or other use of such personal information data will

comply with well-established privacy pelicies and/or privacy practices. In particular, such
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entities should implement and consistently use privacy policies and practices that are
generally recognized as meeting or exceeding industry or governmental requirements for
maintaining personal information data private and secure. Such policies should be easily
accessible by users, and should be updated as the collection and/or use of data changes.
Personal information from users should be collected for legitimate and reasonable uses of
the entity and not shared or sold cutside of those legitimate uses. Further, such
collection/sharing should only occur after receiving the informed consent of the users.
Additionally, such entities should consider taking any needed steps for safeguarding and
securing access to such personal information data and ensuring that others with access to
the personal information data adhere to their privacy policies and procedures. Further,
such entities can subject themselves to evaluation by third parties to certify their
adherence to widely accepted privacy policies and practices. In addition, policies and
practices should be adapted for the particular types of personal information data being
collected and/or accessed and adapted to applicable laws and standards, including
jurisdiction-specific considerations. For instance, in the US, collection of, or access o,
certain health data may be governed by federal and/or state laws, such as the Health
Insurance Portability and Accountability Act (HIPAA), whereas health data in other
countries may be subject to other regulations and policies and should be handled
accordingly. Hence different privacy practices should be maintained for different personal

data types tn each couniry,
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CLAIMS

A base station, comprising:

a transceiver configured to enable wireless communication with a user equipment
(UE) through a plurality of component carriers (CCs); and

a processor communicatively coupled to the transceiver and configured to:

generate a first DCT to schedule a first sounding reference signal (SRS)

transmission from the UE on a first CC, wherein an end symbol of the first DCI is
separated by a first time gap from a start symbol of a first uplink (UL) transmission on a
second CC that overlaps in time with the first SRS transmission, wherein the first UL
transmission on the second CC has a priority lower than the first SRS transmission on the
tirst CC, and the first time gap is greater than or equal to a processing time Tif,m for the

UE to cancel the first UL transmission on the second CC.

The UE of claim 1, wherein the processor is further contfigured to:

generate a second DCI to schedule a second UL transmission from the UE on a
third CC, wherein a start symbol of a second SRS transmission from the UE on a fourth
CC is separated by a second time gap from an end symbol of the second D{, the second
UL transmission on the third CC has a priority higher than the second SRS transmission
on the fourth CC, the second UL transmission on the third CC overlaps in time with the
second SRS transmission on the fourth CC, and the second time gap is greater than or

equal to a processing time 'Z’}ﬁmc for the UE to switch SRS transmission to the fourth CC.

The UE of claim 1, wherein the processor is further contfigured to:

receive a UE capability report from the UE to indicate a capability of the UE for
simultaneous uplink transmissions over the plurality of CCs and a capability of the UE to
use a specific component carrier (CC) as a target carrier for sounding reference signal

(SRS) carrier switching.
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