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In some of the present implementations, the BS may
indicate at least one sTRP resource set to the UE through at
least one of the configuration of the sTRP, the predetermined
resource(s) associated with the sTRP ID, and the best
compatible channel quality in terms of the pTRP determined
by the BS or UE.

In some of the present implementations, the UE may
identify different resource(s)/resource set(s) from different
TRPs via at least one of the information of QCL
assumption(s), the target RS port group(s), and reference RS
correlation indication.

For example, the network/BS may indicate target RSs to
the UE in terms of two reference RS resource sets. Accord-
ing to the TCI state configuration, the target DMRS may be
spatially quasi co-located with the reference RS from a TRP.
The DMRS ports may be in different target DMRS port
groups. In some other implementations, the UE may be
configured with an information element of correlation infor-
mation, and the UE may use it to determine whether two or
more resources are from the same TRP. In this case, a low
correlation means that the reference RS resources may have
a rich spatial multiplexing/diversity and come from different
TRPs, and a high correlation may mean that the reference
RS resources may come from the same TRP.

FIG. 6 is a block diagram illustrating a node for wireless
communication, in accordance with various aspects of the
present disclosure. As shown in FIG. 6, a node 600 may
include a transceiver 620, a processor 628, a memory 634,
one or more presentation components 638, and at least one
antenna 636. The node 600 may also include an RF spectrum
band module, a BS communications module, a network
communications module, and a system communications
management module, Input/Output (I/0) ports, I/O compo-
nents, and power supply (not explicitly shown in FIG. 6).
Fach of these components may be in communication with
each other, directly or indirectly, over one or more buses
640. In one implementation, the node 600 may be a UE or
a BS that performs various functions described herein, for
example, with reference to FIGS. 1 through 5.

The transceiver 620 having a transmitter 622 (e.g., trans-
mitting/transmission circuitry) and a receiver 624 (e.g.,
receiving/reception circuitry) may be configured to transmit
and/or receive time and/or frequency resource partitioning
information. In some implementations, the transceiver 620
may be configured to transmit in different types of subframes
and slots including, but not limited to, usable, non-usable
and flexibly usable subframes and slot formats. The trans-
ceiver 620 may be configured to receive data and control
channels.

The node 600 may include a variety of computer-readable
media. Computer-readable media may be any available
media that may be accessed by the node 600 and include
both volatile and non-volatile media, removable and non-
removable media. By way of example, and not limitation,
computer-readable media may comprise computer storage
media and communication media. Computer storage media
includes both volatile and non-volatile, removable and non-
removable media implemented in any method or technology
for storage of information such as computer-readable
instructions, data structures, program modules or data.

Computer storage media includes RAM, ROM,
EEPROM, flash memory or other memory technology, CD-
ROM, Digital Versatile Disks (DVD) or other optical disk
storage, magnetic cassettes, magnetic tape, magnetic disk
storage or other magnetic storage devices. Computer storage
media does not comprise a propagated data signal. Commu-
nication media typically embodies computer-readable
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instructions, data structures, program modules or other data
in a modulated data signal such as a carrier wave or other
transport mechanism and includes any information delivery
media. The term “modulated data signal” means a signal that
has one or more of its characteristics set or changed in such
a manner as to encode information in the signal. By way of
example, and not limitation, communication media includes
wired media such as a wired network or direct-wired con-
nection, and wireless media such as acoustic, RF, infrared
and other wireless media. Combinations of any of the above
should also be included within the scope of computer-
readable media.

The memory 634 may include computer-storage media in
the form of volatile and/or non-volatile memory. The
memory 634 may be removable, non-removable, or a com-
bination thereof. Example memory includes solid-state
memory, hard drives, optical-disc drives, and etc. As illus-
trated in FIG. 6, The memory 634 may store computer-
readable, computer-executable instructions 632 (e.g., soft-
ware codes) that are configured to, when executed, cause the
processor 628 to perform various functions described herein,
for example, with reference to FIGS. 1 through 5. Alterna-
tively, the instructions 632 may not be directly executable by
the processor 628 but be configured to cause the node 600
(e.g., when compiled and executed) to perform various
functions described herein.

The processor 628 (e.g., having processing circuitry) may
include an intelligent hardware device, e.g., a Central Pro-
cessing Unit (CPU), a microcontroller, an ASIC, and etc.
The processor 628 may include memory. The processor 628
may process the data 630 and the instructions 632 received
from the memory 634, and information through the trans-
ceiver 620, the base band communications module, and/or
the network communications module. The processor 628
may also process information to be sent to the transceiver
620 for transmission through the antenna 636, to the network
communications module for transmission to a core network.

One or more presentation components 638 presents data
indications to a person or other device. Examples of pre-
sentation components 638 may include a display device,
speaker, printing component, vibrating component, etc.

From the above description, it is manifested that various
techniques may be used for implementing the concepts
described in the present application without departing from
the scope of those concepts. Moreover, while the concepts
have been described with specific reference to certain imple-
mentations, a person of ordinary skill in the art may recog-
nize that changes may be made in form and detail without
departing from the scope of those concepts. As such, the
described implementations are to be considered in all
respects as illustrative and not restrictive. It should also be
understood that the present application is not limited to the
particular implementations described above, but many rear-
rangements, modifications, and substitutions are possible
without departing from the scope of the present disclosure.

What is claimed is:

1. A user equipment (UE) comprising:

one or more non-transitory computer-readable media hav-

ing computer-executable instructions embodied
thereon; and

at least one processor coupled to the one or more non-

transitory computer-readable media, and configured to
execute the computer-executable instructions to:
receive, in a Physical Download Control Channel
(PDCCH), Transmission Configuration Indicator (TCI)
state data for determining a plurality of Physical Down-
link Shared Channels (PDSCHs), the TCI state data
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being associated with a plurality of Demodulation
Reference Signal (DMRS) port groups; and

obtain a plurality of Quasi Co-Location (QCL) assump-
tions for receiving the plurality of PDSCHs based on
the plurality of DMRS port groups associated with the
TCI state data, wherein:

each of the plurality of QCL assumptions corresponds to

one of the plurality of DMRS port groups,

the TCI state data corresponds to a TCI state configuration

that includes a plurality of QCL Reference Signal (RS)
sets, and

each of the plurality of QCL RS sets corresponds to one

of the plurality of DMRS port groups.

2. The UE of claim 1, wherein the at least one processor
is further configured to execute the computer-executable
instructions to:

identify a plurality of Transmit/Receive Points (TRPs)

based on the plurality of QCL assumptions.

3. The UE of claim 1, wherein the at least one processor
is further configured to execute the computer-executable
instructions to:

receive an instruction for indicating a relationship

between the plurality of QCL assumptions and the
plurality of DMRS port groups via Medium Access
Control (MAC) Control Element (CE) signaling.

4. The UE of claim 1, wherein the at least one processor
is further configured to execute the computer-executable
instructions to:

indicate a relationship between the plurality of QCL

assumptions and the plurality of DMRS port groups
when a timer configured for the UE expires.

5. The UE of claim 1, wherein the at least one processor
is further configured to execute the computer-executable
instructions to:

receive the plurality of DMRS port groups via Radio

Resource Control (RRC) signaling, wherein the plural-
ity of DMRS port groups is associated with the plural-
ity of PDSCHs.

6. The UE of claim 1, wherein each of the plurality of

—_

0

—

N

25

QCL assumptions includes at least one of a time-domain 40

QCL parameter, a frequency-domain QCL parameter, and a
spatial-domain QCL parameter.
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7. A method of wireless communications by a user equip-
ment (UE), the method comprising:
receiving, in a Physical Download Control Channel
(PDCCH) Transmission Configuration Indicator (TCI)
state data for determining a plurality of Physical Down-
link Shared Channels (PDSCHs), the TCI state data
being associated with a plurality of Demodulation
Reference Signal (DMRS) port groups; and

obtaining a plurality of Quasi Co-Location (QCL)
assumptions for receiving the plurality of PDSCHs
based on the plurality of DMRS port groups associated
with the TCI state data, wherein:

each of the plurality of QCL assumptions corresponds to

one of the plurality of DMRS port groups,

the TCI state data corresponds to a TCI state configuration

that includes a plurality of QCL Reference Signal (RS)
sets, and

each of the plurality of QCL RS sets corresponds to one

of the plurality of DMRS port groups.

8. The method of claim 7, further comprising:

identifying a plurality of Transmit/Receive Points (TRPs)

based on the plurality of QCL assumptions.

9. The method of claim 7, further comprising:

receiving an instruction for indicating a relationship

between the plurality of QCL assumptions and the
plurality of DMRS port groups via Medium Access
Control (MAC) Control Element (CE) signaling.

10. The method of claim 7, further comprising:

indicating a relationship between the plurality of QCL

assumptions and the plurality of DMRS port groups
when a timer configured for the UE expires.

11. The method of claim 7, further comprising:

receiving the plurality of DMRS port groups via Radio

Resource Control (RRC) signaling, wherein the plural-
ity of DMRS port groups is associated with the plural-
ity of PDSCHs.

12. The method of claim 7, wherein each of the plurality
of QCL assumptions includes at least one of a time-domain
QCL parameter, a frequency-domain QCL parameter, and a
spatial-domain QCL parameter.

* * £ # £l
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U.S. Patent No, 10,743,238 (*238 Patent”)

Defendant’s Accused Products, including those which comply with 3GPP Standard TS 38 311 V15.15.0, 3GPP Standard TS 38 331
V16.6.0, 3GPP Standard TS 38 212 V.16.7, 3GPP Standard TS 38 213 V 16.7, and 3GPP Standard TS 38.214 V 167, infringe at least
claim of the "238 patent as set forth below, which Plaintiff provides without the benefit of information about the Accused Products
obtained through discovery.

Element a
A method for a user equipment (UE) of a
connected state, the method comprising:

Element b

TS 38.331 V15.15.0 (2021-09)
Sectlon §.1122 SI change indication and PWS$ notification

broadcasted in the modification period following the one whars: St change indication
is transmatiedd, The modification penod boundaries are deﬁned by SFN values for
Wthh SFN mod m = 0, where m i th number of radio frames comprising the
modification period. The modification period is configured by system information.
The UE v
Short Message tra
change md1cat10n may occur w1thm precedmg modlﬁcatlon perlod

Ifthe UE ¢

141, 1.6, updated ST (other than for ETWS and CMAS) is

eives indications about 51 modifizations and/or PWS notifications using

satiod ity RN T ey T80T (see clause 6.5). Repetitions of ST

ceasin, the UE wonitors the POCCH
{as spemﬁed in TS 38 304 [20]and TS 38 213 [13].
it Message, the UE shall:
1> ifthe UE is ETWS capable or CMAS capable, the efwsAndCmaslndication bit
of Short Message is set, and the UE is provided with
searchSpaceOtherSystemInformation on the active BWP or the initial BWP:
2> immediately re-acquire the SIB1;
2>if the UE is ETWS capable and si-Schedulinglnfo includes scheduling

information for SI6:
3> acquire SIB6, as specified in sub-clause 5.2.2.3.2,

Page |
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immediately;

2> if the UE is ETWS capable and si-Schedulinglnfo includes scheduling information
for SIBT:

3> acquire SI7, as specified in sub-clause 52232,
immediately;
2> if the UE is CMAS capable and si-Schedulinglnfo includes scheduling
information for SIBS:
3> acquire SIS, as spectfied in sub-clause 5.2.2.3.2,
immediately;
NOTE: Incase SIB6, SIB7, or SIBS overlap with a measurement gap it is left to
UE implementation how to immediately acquire SIB6, SIB7, or SIBS.
1> if the spsiemiafoldeaificerion hit of Short Message s set
2> apply the Sl acquisition procedure as defined in sub-clause 5.2.2.3 from the start of
the next modification period.

Element ¢
in response to receiving the SI change
indication, switching from the currently

active BWP to an initial active BWP for

paa;

T$38.331 (VI5.15.0)
Section 3.2.2.3
52231 Acquisition of MIB and SIB/
The UE shall:
1> apply the specified BCCH configuration defined in 9.1.1.1;
1> ifthe UEisin RRC IDLE orin RRC INACTIVE, or
1> if the UE isin RRC_CONNECTED while T311 15 running;
2> acquire the MIB, which is scheduled as specified in TS 38.213
[13]; 2> if the UE is unable to acquire the MIB;
3> perform the actions as specified in clause 5.2.2.5;
2 else:
3> perform the actions specified in clause 5.2.24.1.
[>1fthe UE isin RRC_CONNECTED with an active BWP with common search space
configured by searchSpaceSIBI and pagingSearchSpace and has received an indication
about change of system information; or
1> if the UEisin RRC IDLE or in RRC INACTIVE; or
1> ifthe UE 15 inRRC_CONNECTED while T311 is running;

2> if ssb-SubcarvierOffset indicates /51 is transmitted in the cell (TS 38.213

Page?
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[13]) and if SIBI acquisition is required for the UE:

3> acquire the SIB1, which is scheduled as specified in TS 38.213

[13]; 3> if the UE 1s unable to acquire the SIB/:
4> perform the actions as specified in clause 5.2.2.5;

P> else:
4> upon acquiring SIB1, perform the actions specified in clause 5.2.2.4.2.

2> else if SIBI acquisition is required for the UE and ssb-SubcarrierOffset
indicates that SIB1 15 not scheduled in the cell:
3> perform the actions as specified in clause 5.2.2.5.
NOTE: The UEin RRC_CONNECTED 15 only required to acquire broadcasted

SIBI if the UE can acquire it without disrupting unicast data reception,
1.¢. the broadcast and unicast beams are quasi co-located.

Section 5.2.2.4.2 Actions upon reception of the SIBI
Upon receiving the SIB1 the UE shall:
4> if the UE has not stored a valid version of a SIB, in accordance with
sub- clause 5.2.2.2.1, of one or several required SIB(s), in accordance
with sub- clause .2.2.1;
5> for the ST message(s) that, according to the si-Schedulingnfo,
contain at least one required SIB and for which si-BroadcastStatus
15 set to broadcasting;
6> acquire the SI message(s) as defined in sub-clause 5.2.2.3.2;
- PDCCH-ConfigCommon
The IE PDCCH-ConfigCommon is used to configure cell specific PDCCH parameters
provided in SIB as well as in dedicated signalling
PDCCH-ConfigCommon information element

PDCCH-ConfigCommon ::= SUENCE
controlResourceSetZero ControlResourceSetZero

Page3

Ex.1002
APPLE INC. / Page 8 of 404



(s L2 ewE T TR R (P Q2 PR of K Rapsilis 80

commonControlResourceSet  ControlResourceSet

WTONAL o Negd ¥
AU LN IRV VRN

SearchSpaceZero
(SEZE(1. 4)) Q¥ SearchSpace

SearchSpaceld

Al Negd §

SearchSpaceld
SearchSpaceld
[
firstPDCCH-MonitoringOccasionOfPO Ct
sCSISKHZoneT

(SEE (1. maxPO-perPF)) (¥ IN
sCS30KHZoneT-SCS1 SKHZhalfT

NCE (SEE (1. maxPO-perPF)) (F INTEGER (0..279),

sCS60KHZoneT-SCS30KHZhalfT- SCS SKHZquarterT

ENCE (S8 (1. maxPO-perPF)) OF INTEGER (0.559),

\J

sCS120KHZoneT-SCS60KHZhalfT-SCS30KHZ quarterT-
SCS 5KHZoneE1ghthT
(1. maxPO-perPF)) “R(0.1119),
 §CS120KHZRlfT- SCSéOKHunaITerT SCS30KHZoneE1ghthT-
SCS15KHZoneSixteenthT SEQUERCE (SEE (1. maxPO-perPF)) O {
(0.2239),

sCS1 ZOKHunarterT -SCS60KHZoneEighthT-SCS30KHZoneSixteenthT
¥ (X (1. maxPO-perPF)) (¥ “R(0.4479),

Paged
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sCS1 20KHZOneE1ghthT SCS6OKHZOneSmteenthT
CE (S (1. maxPO-perPF)) OF INTRGER (0.8959),

N

sCSV ZOKHZoneSmteenthT
\ WEE (1. maxPO-perPF)) OF {

searchSpaceSIBI

ID of the search space for SIB1 message. In the initial DL BWP of the UE's PCell, the
network sets this field to 0. If the field 15 absent, the UE does not recetve SIB n this
BWP. (see TS 38.213 [13], clause 10)

Element d
AR N
e oo RO

yiathe niial actve BWP during a next
modlﬁcatlon penod that 1mmed1ately

the RMSI mcludes 1nformat10n
assoc1ated w1th chan ed system

TS 38.331 (VIS.15.0)

Section 5,2.2.2.2 SI change indication and PWSS notification
A modification period is used, i ¢ \\\\\\\\\\\\\\\\\\\\\\\ AT

\\\\\\\\ \\\\\\\ \\\\\\\\ \\\\\\\ \\\\\\\\\N\\\ &\\\\\\\\\\\ \\\\\\ W

\\\\ \ where SI change indication

\\\\\\\\\\\\\\\\\\\\\\\\\ DRI \\\\\\\\\\\\\\\\\\\\\\\\\ \\\\\\\\\\\\\\
is transmitted. The modification period boundaries are defined by SFN values for

which SFN'mod m =0, where m i th number of radio frames comprising the
modification period. The modification period is configured by system information.
The UE receives indications about SI modifications and/or PWS notifications using
Short Message transmitted with P-RNTT over DCT (see clause 6.5). Repetitions of SI
change indication may occur within preceding modification period.

Section 5.2.2.3.1 Acquisition of MIB and SIBI

The UE shall:
1> apply the specified BCCH configuration defined in 9.1.1.1;
1> if the UE isin RRC IDLE or in RRC INACTIVE; or
1> if the UE is in RRC_CONNECTED while T311 i running;

Page
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2> acquire the MIB, which is scheduled as specified in TS 33.213
[13]; 2> if the UE is unable to acquire the MIB;
3> perform the actions as specified in clause 322.5;
2> else:
3> perform the actions specified in clause 224.1.
1> if the UE isin RRC_CONNECTED with an active BWP with common search
space configured by searchSpaceSIB1 and pagingSearchSpace and has received
an indication about change of system information; or
1>ifthe UE1sin RRC IDLE or in RRC_INACTIVE, or
1> if the UEisin RRC_CONNECTED while T311 15 running;
2> 1f ssh-SubcarrierOffset indicates SIBI is transmitted in the cell (TS 38.213
[13]) and if S]BI acqu1s1t1on is required for the UE:
[13]; 3> 1f the UE is unable to acquire the SIB!:
4> perform the actions as specified in clause 5.2.2.5;
3> else:
4> upon acquiring SIR, perform the actions specified in clause 52242,
2> elseif SIBI acquisition is required for the UE and ssb-SubcarrierOffset
indicates that SIB1 is not scheduled in the cell
3> perform the actions as specified in clause 5.2.2.5.
NOTE; The UEin RRC_CONNECTED 15 only required to acquire broadcasted
SIBI if the UE can acquire it without disrupting unicast data reception,
1.6. the broadcast and unicast beams are quasi co-located.

38213

Section 5.2.2.4.2 Actions upon reception of the SIBI
Upon recetving the SIB/ the UE shall:
4> 1f the UE has not stored a valid version of a SIB, in accordance with sub- clause

52221, of one or several required SIB(s), in accordance with sub- clau\se 5221
5> for the ST message(s) that, according to the |\

NAREN
contain at least one required SIB and for which si-BroadcastStatus

Page 6
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is set to broadcasting:
6> acquire the SI message(s) as defined in sub-clause 5.2.2.3.2;

SIBI

SIB1 contains information relevant when evaluating if a UE is allowed to access a
cell and defines the scheduling of other system information. It also contains radio
resource configuration information that s commeon for all UEs and barring
information applied to the unified access control.

Signalling radio bearer: N/A

RLC-SAP: TM

Logical channels: BCCH

Direction: Network to UE

SIBI ::=

cell Selectionlnfo
q-RxLevMin
q-RxLevMinOffset

OPTIONAL, ~ Need §
q-RxLevMinSUL

OPTIONAL
A LGN

L, = i\‘ EEY

J

\n.\. \\ \\ ‘.m\' o
cellAccessRelatedInfo CellAccessRelatedInfo,
connEstFailureControl ConnEstFailureControl

Page7
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vac-Barringlnfo
uac-BarringForCommon

uac BamnglnfoSetLlst UAC-BarringInfoSetList, uac-
AccessCategory!-SelectionAssistancelnfo CHOKCE {

plmnCommon UAC-AccessCategoryl-
SelectionAssistancelnfo,
individual PLMNList SEQUENCE (SIFE (2.maxPLMN))

{OF UAC-AccessCategory L -SelectionAssistancelnfo

YR AT LN
N \ b e O Y
ACREEAY \‘ A

lateNonCriticalExtension

Page 8
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gm\\\\\\\\\}\\\\\\\

Sl-Schedulinglnfo ;:=
schedulinglnfoL.ist

Schedulinglnfo,
si-WindowLength

5320, $640, 51280},
si-RequestConﬁg

RN
M vo H '
Sl L N
by AR \

SchedulingInfo ::=
si-BroadcastStatus
notBroadeasting,
si-Periodicity
1256, 11512},

sib-Mappinglnfo

}

\\\\\\\\\\\\\\\\\\\m\\\\\\\\\\\\\\\\\\\\\\\\\\ R \\\\\\\\\\\\\\\\\\\\\ DHRETREN

SLSchedulingInfo information element

T

£ (1. maxSI-Message)) G

B {85, 510, 520, 540, 580, 5160,
SI-RequestConfig

SI-RequestConﬁg

20 {broadcasting,

0 {1f8, 1f16, 1f32, rft4, f128

SIB-Mapping

Page9
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SIB-Mapping :
SIB-Typelnfo ::=
type ENUMERATE
sibTypes, sibTypeo, sibType7, sibTypeS, sibType9,
spare8, spare7, spareb, spare3,

£ (1.maxSIB)) {3 SIB-Typelnfo

P,

sibType2, sibType3, sibTyped,

spared, spare3, spare2, sparel,.. |,
valueTag

areaScope

AT ..\\ I .
SN AL N
A TIOINAL N

rach-OccasionsSl
rach-ConfigSl
ssb-perRACH-Occasion

oneHalf, one, two, four, eight, sixteen}

)
si-RequestPeriod
ten, twelve, sixteen}
si-RequestResources
RequestResources
)
SI-RequestResources ;=
ra-PreambleStartIndex

onPeriodIndex
w Nopd 8

AR

ra-ssb-OccasionMaskIndex

™
W

Page 10
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Element ¢

changed SIBs is
requ1red o be updated for the UE

T§38.331 (V15.15.0)
Section 5.2.2.4.2 Actions upon reception of the SIBI

Upon recetving the S/B1 the UE shall:
\\\\\ \ TRVAREIERAN \

R\: N ~t \\‘

> forthe SI message(s) that, according to the si-Schedulinglnfo,
contain at least one required SIB and for which si-BroadcastStatus

18 set to broadcasting;
6> acquire the ST message(s) as defined in sub-clause 5.2.2.3.2;

4>

i

\\\\\‘\W TR

.

N1 s

The UE shall apply the SI acquisition procedure as defined in clause 5.2.2.3 upon cell

selection (¢.g. upon power on), cell -reselection, retur from out of coverage, after
figurati / another RAT

PW notification; an

The UE shall:
1> delete any stored version of a SIB after 3 hours from the moment it was

successtully confirmed as valid;
1> for each stored VGISIOH ofa SIB

serving cell:
3> 1f the first PLMN ]demzly included in the PLMN- ]demzl)btfoLzst the

Schedu mg[nfo for the SIB recelved from the serving cell are 1dentlcal 0

Page 11
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the PLMN-Ldentity, the systemInformationdrealD and the vahieTag
associated

with the stored version of that SIB:

b con51der the stored SIB as valid for the cell

cell.

and
WAL that are included in the si-Schechulinglnfo for the SIB received from
the serving cell are identical to the PLMN-Identily, the cellldentity and the
valeTag associated with the stored version of that SIB:
4> consider the stored SIB as valid for the cell;

SL-SchedulingInfo
The IE SI-Schedulinglnfo contains information needed for acqusition of SI messages.
SI-SchedulingInfo information element

SI Scheduhnglnfo
schedulinglnfoL ist
Schedulinglnfo,
si-WindowLength
$320, 5640, 51280},
§i- RequestConﬁg SI-RequestConfig

AL - Cond MSG!

SEE (1. maxSI-Message)) ¥

TED {55,10,20, 40,580, 5160,

SI-RequestConfig

systemlnformatlonAreaID ST STRING (SR (24))

T ALY
\ \\“\ \ w N 1 \\r\
SRR Y

Page 12
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Schedulinglnfo :
si-BroadcastStatus
notBroadcasting},
si-Periodicity
1f256, 1f512},
sib-Mappinglnfo

SIB-Mapping =
SIB-Typelnfo ::=

type
sibTypeS, sibTypeo, sibType7, s1bTyp

spared, spare3, spare2, sparel,.. |,

SI-RequestConfig ::=
rach-OccasionsSI
rach-ConfigSI

ssb-perRACH-Occasion

oneHalf, one, two, four, eight, sixteen}

§i- RequestPenod
ten, twelve, sixteen

si-RequestResources
RequestResources

J

SI-RequestResources ;=

RACH ConﬁgGenerlc

4 {broadcasting,

T3 (18, 16, 132, f6d, 128

18 (1. maxSIB)) O SIB-Typelnfo

TED {sibType2, sibType3, sibTyped,
e8 51bType9
spare8, spare, spareb, spare3,

13 {oneEighth, oneFourth,

OF Sk

Page 13
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ra-PreambleStartIndex ! R(0.63),
ra-AssociationPeriodlndex  INTEGER (0.15)
OPTIONAL, - Need ¥
ra-ssh-OccasionMaskIndex
OFTIONAL - Negd ®

S

Element f T5 38.331 (VIS.15.0)

Section 5.2.2.4.2 Actions upon reception of the SIBI
Upon receiving the SIB1 the UE shall:

4> if the UE has not stored a valid version of a SIB, in accordance with
sub- clause 5.2.2.2.1, of one or several required SIB(s), in accordance
with sub- clause 5.2.2.1:

5> for the ST message(s) that, according to the si-Schedulinglnfo,
contain at least one required SIB and for which si-BroadcastStatus

15 set 10 broadcasting;

as defined in sub-clause 5.2.2.3.2;

Page 14
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U.S. Patent No, 10,791,502 (*’502 Patent”)

Defendant’s Accused Products, including those which comply with 3GPP Standard TS 38 311 V15.15.0, 3GPP Standard TS 38 331
V16.6.0, 3GPP Standard TS 38 212 V.16.7, 3GPP Standard TS 38 213 V 16.7, and 3GPP Standard TS 38.214 V 167, infringe at least
claim of the *S02 patent as set forth below, which Plaintiff provides without the benefit of information about the Accused Products

obtained through discovery.

Claim 1

Element a
A method of ¢

and valen
witmatio st procedure
performed by a user
equipment (UE), the method

comprising;

Element b
transmitting  first % request message
to a base station (BS)

T§ 38.331 (v16.6.0)
Section 32235 Nogqueal fov sn dewand spsten ilenwnatisn in
RRC CONNECTED
The UE shall:
> if +with an active BWP not configured with

common search space with the field searchSpaceOtherSysiemInformation and
the UE has not stored a valid version of a SIB, in accordance with sub-clause
52221, of one or several required SIB(s), in accordance with sub-clause
5221 orif requested by upper layers:

2> for the SI message(s) that, according to the si-Schedulinglnfo or posSI-
Schedulinglnfo in the stored SIB1, contain at least one required SIB or

requested posSIB:
3> 1f onDemandSIB-Request 1s configured and timer T350 1s not
running;

4> initiate fransmission of the Dedicated SIRRequest message in
accordance with 5.2.2.3.6;
4> start timer T350 with the timer value set to the onDemandSIB-
RequestProhibitTimer,
1> else if the UE isin RRC_CONNECTED with an active BWP configured with
common search space with the field searchSpaceOtherSysieminformation and

the UE has not stored a valid version of a SIB, in accordance with sub-clause
52221, of one or several required SIB(s), in accordance with sub-clause

Page |
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522 1 or if requested by upper layers:

2> for the SI message(s) that, according to the si-Schedulinglnfo in the stored
SIB1, contain at least one required SIB and for which si-BroadcastStatus is
set to hroadcasting
3> acquire the ST message(s) as defined in sub-clause 5.2.2.3.2;

> for the ST message(s) that, according to the si-Schedulinglinfo in the stored
SIB1, contain at least one required SIB and for which si-BroadcastStatus is
set to notBroadcasting:

3> if onDemandSIB-Request is configured and timer T350 is not running;

4> initiate transmission of the DedlicatedSIBRequest message in
accordance with $2.2.3.6;

4> start timer T350 with the timer value set to the onDemandSIB-
RequestProhibitTimer,

3> acquire the requested SI message(s) corresponding to the requested
SIB(s) as defined in sub-clause 3.2.2.3.2.

Section 5..2.3,6 Actions related to transmission of Hedicated SiBRequest
HRCSSATE

The UE shall set the contents of DedlicteaMiRoquest message as
follows: 1> if the procedure is triggered to request the required

SIB(s):

2> include ¢ “tin the onDemandSIB-Requestlist to indicate b
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1> if the procedure is triggered to request the required posSIB(s):

2> include requestedPosSIB-List in the onDemandSIB-RequestList to
indicate the requested posSIB(s).

Section 6.2.2  Message definitions
- DedicatedSIBRequest

The DedicatedSIBRequest message 1s used to request SIB(s) required by the
UEin RRC CONNECTED as specified in clause 5223 5.
Signalling radio bearer; SRBI RLC-SAP: AM

Logical channel: DCCH

Direction; UE to Network

DedicatedSIBRequest message

-- ASN1START
-- TAG-DEDICATEDSIBREQUEST-START

DedicatedSIBRequest-rl6 ::=
SEQUENCE
{ criticalExtensions CHOICE {
dedicatedSIBRequest-rl6 DedicatedSIBRequest-
r16-IEs, criticalExtensionsFuture SEQUENCE
{}
i

}

DedicatedSIBRequest-r16-IEs ::=
SEQUENCE { onDemandSIB-

Page3
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RequestList-r16 SEQUENCE {

¢ 0P

TIONAL,

requestedPosSIB-List-rl6 SEQUENCE (STZE
(1. .maxOnDemandPosSIB- rl6)) OF PosSIB-ReqInfo-rl6
OPTIONAL
} OPTIONAL,
lateNonCriticalFxtension OCTET
STRING OPTIONAL,

nonCriticalExtension SEQUENCE {} OPTIONAL

SIB-ReqInfo-rl6 ;:=  ENUMERATED { sibl?, sibl3, sibl{,
spareb, spared, spared, spare3, spareZ, sparel )

PosSIB-ReqInfo-rlo ::= SEQUENCE {
gnss-1d-rl6 GNSS-1D-r16 OPTIONAL,
shas-1d-rl6 SBAS-1D-716 OPTIONAL,
posSibType-rlo ENUMERATED { posSibTypel-1,

00551bTypel-2, posSibTypel-3, posSibTypel-4,
p05S1bTypel-5, posSibTypel-o,

posSibTypel-7,
00551bTypel-8, posSibTypeZ-1, posSibTypel-2,
p0sSibTypeZ-3, posSibTypel-4,

posSibType2-5,
00551bTypeZ-6, posSibType2-T7, posSibTypel-8,
p0sSibTypeZ-9, posSibType2-10,

posSibType2-11,
00551bTypeZ-12, posSibTypel-13, posSibTypel-14,
p0sSibTypel-15,

posSibType2-16,
00551bTypeZ-17, posSibTypel-18, posSibTypel-19,

Paged
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p0s51bTypel-20,
posSibTypeZ-21,
p0sS1bTypel-22, posSibTypel-23, posSibTyped-1,
00551bTypeb-1,
posSibType6-2, posSibTypet-

3o

-- TAG-DEDICATEDSIBREQUEST-STOP
-- ASNISTOP

DedicatedSiBRequest field descriptions

Contang st o S the UE requests while in RRC CONNECTED.
requestedPosSIB-List
Contains a list of posSIB(s) the UE requests while in RRC_ CONNECTED.

Element ¢ TS 38.331 (v16.6.0)
" ; Section 5,.2.2.3.5Request for on demand system information in
RRC CONNECTED

The UE shall:

1> if the UEisin RRC_CONNECTED with an active BWP not configured with
common search space with the field searchSpaceQtherSystemInformation and
the UE hasm in accordance with sub-clause
52221, of one or several required SIB(s), in accordance with sub-clause
5221 orif requested by upper layers:

2> for the ST message(s) that, according to the si-Schedulinglnfo or posSI-
SchedulingInfo in the stored SIB1, contatn at least one required SIB or

requested posSIB:
3> if onDemandSIB-Request 1s configured and LTI
Page
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accordance with 5.2.2.3.6;

?

dtat s T34 with the timer value set to the onDemandSIB-
RequestProhibitTimer,

1> else if the UE isin RRC_CONNECTED with an active BWP configured with
common search space with the field searchSpaceOtherSysiemInformation and
the UE has not stored a valid version of a SIB, in accordance with sub-clause
52221, of one or several required SIB(s), in accordance with sub-clause
5221 orif requested by upper layers:

2> for the ST message(s) that, according to the si-Schedulinglnfo in the stored
SIB1, contain at least one required SIB and for which si-BroadcastStatus is
set to broadcasting

3> acquire the ST message(s) as defined in sub-clause 5.2.2.3.2;

2> for the ST message(s) that, according to the si-Schedulingfnfo in the stored
SIB1, contain at least one required SIB and for which si-BroadcastStatus is
set to notBroadcasting:
3> if onDemandSIB-Request 15 configured and timer T3501 not running;
4> initiate transmission of the DedlicatedSIBRequest message in
accordance with 5.2.2.3.6;

4> start timer T350 with the timer value st to the onDemandSIB-
RequestProhibitTimer,
3> acquire the requested SI message(s) corresponding to the requested SIB(s) as defined
insub-clause 52232

Page 6
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U.S. Patent No, 10,972,972 (*972 Patent”)

Defendant’s Accused Products, including those which comply with 3GPP Standard TS 38311 V

15.15.0, 3GPP Standard TS 38 331

V16.6.0, 3GPP Standard TS 38 212 V.16.7, 3GPP Standard TS 38 213 V 16.7, and 3GPP Standard TS 38.214 V 167, infringe at least
claim of the "972 patent as set forth below, which Plaintiff provides without the benefit of information about the Accused Products

obtained through discovery.

Claim 1

Element a

A wireless communication device
comprising: a plurality of antenna panels;
a processor coupled to the plurality of
antenna panels and configured to:

Each of the Accused Products are wireless communication devices comprising a
plurality of antenna panels and a processor coupled to the plurality of antenna panels.

Element b

maintain & piaiity of leading o
values, the plurahty of leading time
values idicating a plurality of SRR

base station (BS);

TS 38,214 (v16.7)

Section §.3.1 Application delay of the minimum scheduling offset

restriction

When the UE is scheduled with DCI format 0 Tor 1 Twith a i st
: " field in slot a, it shall determine the KOmm ahd K2mm

values if conﬁ gured respecuvely tobe applied, while the prev10usly apphed Komin
and/ or Kme values are apphed unt1l the new values take effect """"

sl ndiog CSERINRE T : the mdlcated KOmin
(KZmin) value in the new actlve DL (UL) BWP if conﬁgured is applied from the slot
indicated by the slot offset value of the time domain resource assignment field in the
DCL. Otherwise, change of applied minimum scheduling offset restriction indication
carried by DCl in slot 7, shall be applied in slot . of the scheduling cell. The UE
does not expect to be scheduled with DCI format 0 1 or 1T with ‘Minimum
applicable scheduling offset indicator' field indicating another change to KOmin or
K2min for the same active BWP of the scheduled cell before slot n+X of the
scheduling cell.

When the DCl format 0 lor! 1

with Minimum applicable scheduling offset indicator

Page |
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field indicating a change to the applled KOmm or Kme I8 contamed w1th1n the first
three symbol of slot m, e vaiue of application deley X y

, & Ywhere K'1s the currently applied K value of the active DL BWP in
wpnsey ¢ OminOld Omin

the scheduled cell and is zero, if mimmumSchedu mgOﬁselK 0 18 not conﬁ gured for
the actue DL BWP in the scheduled cell, 5

and uPDCCH and uPDSCH are the sub carrier spacmg conﬁguratlons for PDCCH

of the active DL BWP in the scheduling cell and PDSCH of the active DL BWP in
the scheduled cell, respectively, in slot .

Element ¢
+i one of the plurality of
leadmg time values to +:
ofthe
plurahty of antenna panels i

# I’GCCIVG

the BS, the schedulmg offset
value comprising at least one of
a K0 parameter for a Downlmk

TS 38312 (v16.7)
Section 7.3.1.1.2 Format 0 1

i wetenier =0, 1 or 2 bits as determined by the number of UL BWPs
IBWPRRC conﬁgured by higher layers, excluding the initial UL bandwidth

part. The bitwidth for this field 1s determined a5 Jlog 9 (g )] bifs. where

- ngwe=ngwpgec t 1f gy RRC 113 , in which case the bandwideh part
idicator &quivalent to the ascending order of the higher layer parameter
BWP-Id:

- otherwise PBWP = #BWP.RRC , in which case the bandwidth part indicator
18 defined in Table 7.3.1.1.2-1;

- Obitif higher layer parameter minimumSchedulingOffsetk2 is not configured;

Page?
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1 bit if higher layer parameter minimumSchedulingOffsetk2 15 configured.
The 1 bit indication is used to determine the minimum applicable K2 for the
active UL BWP and the minimum applicable KO value for the active DL
BWP, if configured respectively, according to Table 73.1.12-33. If the
minimum applicable KO is indicated, the minimum applicable value of the
aperiodic CSI-RS triggering offset for an active DL BWP shall be the same
as the minimum applicable KO value.

T8 38.331 (v16.6)
PDSCH-Config
The #13:

I oniiz [E i used to configure the UE specific PDSCH parameters.

minimumSchedulingOffsetK0-r16  SetupRelease { MinSchedulingOffsetKO0-
Values-r16 } OPTIONAL,  --Need M

minimumSchedulingOffsetk0

List of minimum K0 values Minimum KO parameter denotes minimum applicable
value(s) for the TDRA table for PDSCH and for A-CSIRS triggering Offset(s) (see TS
38.214[19], clause 5.3.1).

PUSCH-Config

The IE 50744 vt 1 used to configure the UE specific PUSCH parameters
applicable to a particular BWP.,

minimumSchedulingOffsetK2-r16  SetupRelease { MinSchedulingOffsetK2-

Page3
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Values-r16 }

OPTIONAL, --NeedM

Listof minimum K2 values Minimum K2 parameter denotes minimum applicable

value(s) for the Time domain resource assigment table for PUSCH (see TS 38214
[19], clause 6.1.2.1),
Element d TS 38.214 (v16.7)
Section 5,1.2.1 Resource allocation in time domain
and determine  that  the When the UE is configured with minimumSchedulingOffsetK0 in an
scheduling ~ offset value 1sinsahd, | it apphesammlmum scheduhng offset restriction indicated by the "

when a time duration indicated by the g e :+'field in DCI format 1_1 or DCI format 0 1if
schedulmg offset value slese han & the same fleld 1§ av a1lable When the UE is configured wih

‘ : minimumScheculingOffse(K0 in an active DL BWP and it has not received 'Minimum
apphcable schedulmg offset indicator' field in DCT format 0 1 or 1 1, the UE shall
apply a minimum scheduling offset restriction indicated based on 'Mm1mum
applicable scheduling offset indicator' value 0", When the minimum scheduling
offset restriction is applied the L% ¢ ut expeciast to be scheduled with a DCTin slot
1 to recetve a PDSCH scheduled w1th C-RNTL CS-RNTI or MCS-C-RNTI with K0

Vi o] where KOmin and g are the apa

A

driction and the numerology of the active DL BWP of the scheduled cell when
receiving the DCLin slot r, respectively, and J is the numerology of the new active DL
BWP in case of active DL BWP change in the scheduled cell and is equal to g,
otherwise.
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U.S. Patent No, 11,115,165 (*’ 165 Patent”)

Defendant’s Accused Products, including those which comply with 3GPP Standard TS 38 311 V15.15.0, 3GPP Standard TS 38 331
V16.6.0, 3GPP Standard TS 38 212 V.16.7, 3GPP Standard TS 38 213 V.16.7, and 3GPP Standard TS 38.214 V 16,7, infringe at least
claim of the "165 patent as set forth below, which Plaintiff provides without the benefit of information about the Accused Products
obtained through discovery.

Element a The Accused Products include a user equipment (UE) comprising one or more non-
transitory computer-readable media having computer- executable instructions embodied
A user equipment (UE) comprising: one | thereon; and at least one processor coupled to the one or more non-transitory computer-
Or more non- transitory computer- readable media, and configured to execute the computer-executable instructions.
readable media having computer-
executable instructions embodied
thereon; and at least one processor
coupled to the one or more non-transitory
computer-readable media, and configured
to execute the computer-executable
instructions to:

Element b TS$ 38,212 (v16.7)

receive. in 4 Section 7.3.1.2.2 Format 1 1

1susedforthe £+ n one cell.

Antenna port( )-4.5, or 6 bits as defined by Tables 7.3.1.2.2-1/2/3/4 and
Tables 73.122- A/2A/3A/4A, where the number of CDM groups without
data of values 1, 2, and 3 refers to CDM groups {0}, {0,1}, and {0, 1,2}
respectnely The antenna ports {p0,....pv-11} shall be deserming 3 &

of KRS pent(s) given by Tables 73.12.2-1/2/3/4 orTables
731221 A/2A/3A/4A When a UE receives an actnanon command that maps
at least one codepomt of DCT field "z "o
two TCI states, :i::- i

\
.\».‘
UK Y
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he UE can receive an entry with DMRS
ports equals to 1000, 1002, 1003 when two TCI states are indicated in a
codepoint of DCI field Transmission Configuration Indication’,

T8 38.214 (v16.7)

Section 5,1.5 Anfenna ports quasi co-location

When a UE supports two TCI states in a codepoint of the £
' the UE

\é‘ \
RHISHEA

may receive an activation command, as described in clause 6.13.24 of [10, TS
38.321] the activation command is used
0 st g e gy of e o s 107 sl to the codepoints of the DCl field
'Transmrssron Conﬁguratron Indrcatron The UE 15 ot expected to receive more than §
TCT states in the actvation command,
Element ¢ TS 38.213 (v16.7)

Section 3 Radio link monitoring

and
Locotr_on _ 15 if the aesve TUT siae for POCCH 1 s twa R, the UE expects that
recelying the T based | gpe RS is conﬁgured with qcl-Typeset 105D [6 TS 38 214] and the UE uses the
ORI Pty ) ORI RS configured with qcl-Typeset to 'typeD' for radio link monitoring; the UE does not
expect both RS to be configured with qel-Type set to 'typeD"

T8 38.214 (v16.7)

Section 5.1.5 Antenna ports quasi co-location
The UE can be configured with a list of up to M TCI-State configurations within
the higher layer parameter PDSCHConfig to i H accordmg foa
detected “U0{H with Y intended for the UE and the given serving cell, where
M depends on the UE capability maxNumberConfiguredTClstates PerCC. Each
TCI-State containg parameters for configuring a qua
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PDSCH, the DM RS port of PDCCH or the CSI RS port(s) of a CSI-RS resource.
The quasi co-location relationship 1s configured by the higher layer parameter qcl-
Typel for the first DL RS, and qcl-Type2 for the second DL RS (if configured).
For the case of two DL RSs, the QCL types shall not be the same, regardless of
whether the references are to the same DL RS or different DL RSs. The quasi co-
location types corresponding to each DL RS are given by the higher layer
parameter qel-Type in QCL-Info and may take one of the following values; -
‘typeA": {Doppler shift, Doppler spread, average delay, delay spread} - 'typeB"
{Doppler shift, Doppler spread} - ‘typeC':{Doppler shift, average delay} - 'typeD"
{Spatial Rx parameter|

Element d TS 38,214 (v16.7)

Section 5,1.5 Anfenna ports quasi co-location

The UE can be configured with a list of up to M TCI-State configurations within the
higher layer parameter PDSCHConfig to :1x:::+ #54 H according to a detected
PRCCH with B intended for the UE and the given serving cell, where M depends
on the UE capabﬂlty maxNumberConfigured TClstates PerCC. Each TCI- State
contains parameters for configuring a ne of
two downlink reference signals and the DAT-RS ¢ H, the DM-RS port
of PDCCH or the CSI-RS port(s) of a CSI-RS resource. The quasi co-location
relationship is configured by the higher layer parameter qcl-Typel for the first DL
RS, and qel-Type2 for the second DL RS (if configured). For the case of two DL RSs,
the QCL types shall not be the same, regardless of whether the references are to the
same DL RS or different DL RSs. The quasi co-location types corresponding to each
DL RS are given by the higher layer parameter qcl-Type in QCL-Info and may take
one of the following values: - 'typeA": {Doppler shift, Doppler spread, average delay,
delay spread} - 'typeB'": {Doppler shift, Doppler spread} - 'typeC"

{Doppler shift, average delay} - 'typeD": {Spatial Rx parameter}

corresponds foone o

\ A
D \“ DT BFOUNS

Page3

Ex.1002
APPLE INC. / Page 38 of 404



CBasel 220000710 DommEshE s RS T R R (3P Ree B 387

TS 38,331 (v16.6)

TCl-State

quasi- colocation (QCL) type. TCI-State information element
TCI-State := SEQUENCE {
tei-Stateld TCI-Stateld, qel-

j
QCL-Info = SEQUENCE {

cell ServCelllndex OPTIONAL, -- Need R
bwp-1d BWP-Id OPTIONAL, -- Cond CSI-RS-
Indicated referenceSignal CHOICE {

csi-rs NZP-CSI-RS-Resourceld,

ssb SSB-Index
}a

The IE TCI-State associates one or two DL reference signals with a corresponding

Paged

Ex.1002

APPLE INC. / Page 39 of 404



Case: 122-cv-02176 Docuwment $# 4 FiBde QAETZRIRRarb i ARIFRapdiDi s

US 10,743,238 B2

1
SYSTEM INFORMATION UPDATES IN
BAND WIDTH PART (BWP) SWITCH
OPERATION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of and priority to U.S.
Provisional Application No. 62/586,598 filed on Nov. 15,
2017 and entitled “SYSTEM INFORMATION UPDATE IN
BWP SWITCH OPERATION,” (hereinafter referred to as
“US72315 application”). The disclosure of the US72315
application is hereby incorporated fully by reference into the
present disclosure.

TECHNICAL FIELD

The present disclosure generally relates to a method for
bandwidth part switching operations performed by a user
equipment and user equipment performing the same.

BACKGROUND

In a cellular network, a UE-specific serving cell may
configure one or more bandwidth parts (BWPs) in downlink
and uplink respectively for a UE by dedicated RRC signal-
ing. One the other hand, a UE may be allocated to with at
most one active DL BWP and one active UL BWP at a given
time by the cell. A single scheduled downlink control
information (DCI) may be applied to switching from one
active BWP to another for an operating UE.

For a UE, an initial active DI, BWP is defined as the
frequency location and bandwidth dedicated for broadcast-
ing remaining minimum SI (RMSI). When the NW sends to
a Connected_UE a system information (SI) change indica-
tion that notifies of system information change, the Con-
nected_UE may have to switch from the currently active
BWP to the initial active BWP for accessing the RMSI and
updating to the changed S if there is no SI broadcasting on
the currently active BWP. Furthermore, the Connected_UE
may not successfully complete SI update if there is no clear
UE behavior defined for BWP switching. As a result of BWP
switching inability problem, the UE may not be able to
update system information.

SUMMARY

The present disclosure is directed to bandwidth part
(BWP) switching operations in conjunction with system
information updates for a user equipment.

In one aspect of the present disclosure, a method for
bandwidth part (BWP) operations performed by a user
equipment (UE) of a connected state is provided. The
method comprises receiving a system information (SI)
change indication broadcasted by a paging via a currently
active bandwidth part (BWP) during a modification period;
switching from the currently active bandwidth part (BWP)
for data transmission to an initial active BWP for an SI
update; receiving remaining minimum SI (RMSI) via the
initial active BWP during a next modification period that
immediately follows the modification period, the RMSI
including information associated with changed system infor-
mation blocks (SIBs); determining which of the changed
SIBs is required to be updated for the UE; and receiving
content of the required changed SIBs based on the determi-
nation.
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In one aspect of the present disclosure, a user equipment
(UE) of a connected state is configured to receive a system
information (SI) change indication broadcasted by a paging
via a currently active bandwidth part (BWP) during a
modification period; to switch from the currently active
bandwidth part (BWP) for data transmission to an initial
active BWP for an SI update; to receive remaining minimum
SI (RMSI) via the initial active BWP during a next modi-
fication period that immediately follows the modification
period, the RMSI including information associated with
changed system information blocks (SIBs); to determine
which of the changed SIBs is required to be updated for the
UE; and to receive content of the required changed SIBs
based on the determination.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the exemplary disclosure are best understood
from the following detailed description when read with the
accompanying figures. Various features are not drawn to
scale, dimensions of various features may be arbitrarily
increased or reduced for clarity of discussion.

FIG. 1 is a schematic diagram illustrating a BWP switch-
ing operation for a Connected_UE due to receiving an SI
change indication in accordance with one exemplary
embodiment of the present disclosure.

FIG. 2 is a schematic diagram illustrating a BWP switch-
ing operation for a Connected_UE due to receiving an SI
change indication in accordance with one exemplary
embodiment of the present disclosure.

FIG. 3 is a schematic diagram illustrating a BWP switch-
ing operation for a Connected_UE due to receiving an SI
change indication in accordance with one exemplary
embodiment of the present disclosure.

FIG. 4 is a schematic diagram illustrating a BWP switch-
ing operation for a Connected_UE due to receiving an SI
change indication in accordance with one exemplary
embodiment of the present disclosure.

FIG. 5 is a schematic diagram illustrating a BWP switch-
ing operation for a Connected_UE due to receiving an SI
change indication in accordance with one exemplary
embodiment of the present disclosure.

FIG. 6 is a schematic diagram illustrating a BWP switch-
ing operation for a Connected_UE due to receiving an SI
change indication in accordance with one exemplary
embodiment of the present disclosure.

FIG. 7 is a schematic diagram illustrating a BWP switch-
ing operation for a Connected_UE due to receiving a public
warning system (PWS) notification indication in accordance
with one exemplary embodiment of the present disclosure.

FIG. 8 is a schematic diagram illustrating a BWP switch-
ing operation for a Connected_UE due to receiving a public
warning system (PWS) notification indication in accordance
with one exemplary embodiment of the present disclosure.

FIG. 9 is a schematic diagram illustrating a BWP switch-
ing operation for a Connected_UE due to receiving a public
warning system (PWS) notification indication in accordance
with one exemplary embodiment of the present disclosure.

FIG. 10 is a block diagram of a device for wireless
communication in accordance with various embodiments of
the present disclosure.

DETAILED DESCRIPTION

The following description contains specific information
pertaining to exemplary implementations in the present
disclosure. The drawings in the present disclosure and their
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accompanying detailed description are directed to merely
exemplary implementations. However, the present disclo-
sure is not limited to merely these exemplary implementa-
tions. Other variations and implementations of the present
disclosure will occur to those skilled in the art. Unless noted
otherwise, like or corresponding elements among the figures
may be indicated by like or corresponding reference numer-
als. Moreover, the drawings and illustrations in the present
disclosure are generally not to scale, and are not intended to
correspond to actual relative dimensions.

The description uses the phrases “in one implementation,”
or “in some implementations,” which may each refer to one
or more of the same or different implementations. The term
“coupled” is defined as connected, whether directly or
indirectly through intervening components, and is not nec-
essarily limited to physical connections. The term “compris-
ing,” when utilized, means “including, but not necessarily
limited to”; it specifically indicates open-ended inclusion or
membership in the so-described combination, group, series
and the equivalent.

It is noted that the term “and/or” includes any and all
combinations of one or more of the associated listed items.
It will also be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, components, regions, parts and/or sections, these
elements, components, regions, parts and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, part or section
from another element, component, region, layer or section.
Thus, a first element, component, region, part or section
discussed below could be termed a second element, com-
ponent, region, layer or section without departing from the
teachings of the present disclosure.

It should be noted that, in the present disclosure, a UE
may include, but is not limited to, a mobile station, a mobile
terminal or device, a user communication radio terminal. For
example, a UE may be a portable radio equipment, which
includes, but is not limited to, a mobile phone, a tablet, a
wearable device, a sensor, a personal digital assistant (PDA),
or a television display with wireless communication capa-
bility. The UE is configured to receive and transmit signals
over an air interface to one or more cells in a radio access
network.

A base station may include, but is not limited to a node B
(NB) as in the UMTS, an evolved node B (eNB) as in the
LTE-A, a radio network controller (RNC) as in the UMTS,
a base station controller (BSC) as in the GSM/GERAN, an
NG-eNB as in an E-UTRA base station in connection with
the 5GC, a next generation node B (gNB) as in the 5G
Access Network (5G-AN), and any other apparatus capable
of controlling radio communication with cellular positioning
technology and managing radio resources within a cell. The
base station may connect to serve the one or more UEs
through a radio interface to the network.

In one embodiment of the present disclosure, a Connect-
ed_UE may implicitly switch to an initial active BWP upon
receiving a system information (SI) change indication
broadcasted by paging from cellular network (NW). The SI
change indication indicates a SI change/modification and
notifies the UE to update to the changed SI if required by the
UE. This results in reduction of redundant L.1 signaling for
switching from a currently active BWP to the initial active
BWP for the UE. In FIG. 1, a BWP switching operation for
a Connected_UE due to receiving an SI change indication is
illustrated. In DL, the UE may operate on an indicated BWP
as currently active DL BWP for DL data transmission (e.g.,
based on RRC configuration, DCI control or the behavior for
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BWP inactivity timer) or operate on an initial active DL
BPW able to receive the content of changed SI required for
the UE SI update. The UE may also have an uplink (UL)
BWP for UL data transmission and an initial active UL
BWP. Within n” broadcast control channel modification
period (denoted as BCCH modification period n), the UE
may operate on the indicated BWP as the currently active
BWP for data transmission according to L1 signaling.

The SI change indication is sent to the UE by paging (e.g.,
a Short Message) from the NW while the UE operates on the
indicated BWP. Specifically, the UE receives indications
about SI modifications and/or PWS notifications using Short
Message transmitted with P-RNTI over downlink control
information (DCI). At 101, upon receiving the SI change
indication, UE may switch immediately to the initial active
BWP from the indicated BWP during BCCH modification
period n. The SI change indication is used to inform the UE
that there is a system information change(s) or update(s),
and may be carried as part of the Short Message. Then, RRC
sublayer of the NW may inform the PHY sublayer that the
paging has been sent to the UE and the switching of the UE
to the initial active BWP has been performed. So, the NW
may stop sending to the UE any other L1 signaling (e.g.,
DCI) for BWP switching operations.

After switching to the initial active BWP, the UE may
continue to stay on the initial active BWP until BCCH
modification period n+l ends. The BCCH modification
period n+1 immediately follows the BCCH modification
period n in time sequence. Although the UE has switched to
the initial active BWP at certain timing (e.g., at 101) within
BCCH modification period n, it is in the next BCCH
modification period n+1 that the UE performs the system
information acquisition to update to changed system infor-
mation. In modification period n+1, the UE may receive
broadcast remaining minimum system information (RMSI)
carrying information associated with changed system infor-
mation blocks (SIBs) via the initial active BWP and perform
the ST update(s) according to the information. The RMSI is
also known as SIB1 (system information block 1). The UE
may receive the RMSI at certain time point in modification
period n+1 (e.g., at the start time point of the modification
period n+1). After receiving the RMSI, the UE may deter-
mine which of the changed SIB(s) is (or are) required for the
SI update(s) according to the received information. For
example, the UE may identify one or more of the changed
SIB(s) that the UE requires for the SIupdate(s). Then the UE
may receive the content(s) of the changed SIBs which are
identified as being required for the ST update(s) based on the
determination. For another example, the UE may identify
none of the changed SIBs is required to update and may not
perform any SI update(s). The UE may not update the
changed SIB(s) based on the identification within BCCH
modification period n+1.

After the UE completes the SI update(s), the NW may
re-take control over the BWP switching of the UE on the end
of BCCH modification period n+1.

In this case, since the NW may know the UE by default
will complete the SI update within modification period n+1,
the PHY sublayer may re-take control over the BWP switch-
ing after BCCH modification period n+1 ends. Therefore, at
103 on the ending boundary of modification period n+1 the
NW re-takes the BWP switching operations by sending 1.1
signaling to switch the initial active BWP to a BWP for
subsequent data transmission.

In one embodiment, the currently active BWP happens to
be the initial active BWP. In this case, it is not necessary that
a BWP switching operation is involved for updating the SI
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when receiving the SI change indication. For example, the
Connected UE has already been on the initial active BWP as
currently active BWP because of certain on-going services
in modification period n and will stay on the initial active
BWP to perform system information acquisition to conduct
the ST update in BCCH modification period n+1. The PHY
sublayer of the NW may consider the completeness of the SI
update in the next BCCH modification period n+1. Then, the
PHY sublayer of the NW may re-take control over the BWP
switching operation on the end of BCCH modification
period n+1.

In one embodiment, the UE may be only permitted to
receive the Short Message of the paging on the initial active
BWP. For example, based on the paging frame and paging
occasion derived from an associated UE 1D and per-config-
ured parameters, the Short Message cannot be broadcasted
on other BWPs but the initial active BWP. On occasions, the
UE may switch to the initial active BWP automatically to
detect whether there is a Short Message and receiving the
Short Message. If receiving the SI change indication carried
in the Short Message, the UE may stay on the initial active
BWP for the subsequent SI update without the need for
additional BWP switching. If receiving no Short Message or
no SI change indication carried in the Short Message, the UE
may switch back to the previous active BWP without
involvement of the NW. Alternatively, the UE may not
switch back but stay on the initial active BWP after modi-
fication period n+1 ends, waiting for next [.1 signaling from
the NW (e.g., DCI) for BWP switching.

In one embodiment of the present disclosure, the Con-
nected UE may feedback to the NW while the SI update is
completed, and the NW may re-take control over the BWP
switching immediately upon receiving the feedback. In FIG.
2, a BWP switching operation for an RRC_connected UE
due to receiving an SI change indication is illustrated. The
UE may operate on an indicated BWP as currently active
BWP for data transmission or operate on an initial active
BPW able to receive the content of changed SI required for
the UE SI update. Within modification period n, the UE may
operate on the indicated BWP for data transmission accord-
ing to L1 signaling.

The SI change indication is sent to the UE by paging (e.g.,
a Short Message) from the NW while the UE may operate
on the indicated BWP. At 201, upon receiving the SI change
indication, UE may switch to the initial active BWP imme-
diately from the indicated BWP in BCCH modification
period n. The SI change indication is used to inform the UE
that there is SI change(s) or update(s), and may be carried as
part of Short Message in the paging. Then, RRC sublayer of
the NW may inform the PHY sublayer that the paging has
been sent to the UE and the switching of the UE to the initial
active BWP has been performed. So, the NW may stop
sending to the UE any other L1 signaling for BWP switching
operations, and wait for the UE feedback indicating the
completeness of the SI update.

After switching to the initial active BWP, the UE may
continue to stay on the initial active BWP until the update to
SI is completed. At 203, the UE completed the SI update if
required and feedback to the NW that the system informa-
tion update is completed by sending an SI update complete
indication. Upon receiving the SI update complete indica-
tion as the UE feedback, the PHY sublayer of the NW may
re-take control over the BWP switching operation immedi-
ately. Although the UE has to operate on the initial active
BWP for the SI update in DL, the NW may be still able to
schedule data transmission on the initial active BWP.
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The UE feedback of SI update complete may be sent by
L1 signaling (via PUCCH) or by MAC-CE transmission on
an uplink (UL) BWP paired with the initial active DL BWP.
If using L1 signaling, the upper sublayer (e.g., RRC) of the
UE may inform PHY sublayer that the SI update is com-
pleted, and the UE PHY sublayer may feedback it to the NW.
The NW may re-take control over the BWP switching after
receiving the feedback in NW PHY sublayer. Alternatively,
if using MAC-CE transmission, the upper sublayer of the
UE may inform MAC sublayer that the system information
update is completed, and the UE MAC sublayer may feed-
back it to the NW. The NW may re-take control over the
BWP switching once receiving the feedback in NW MAC
sublayer.

In one embodiment of the present disclosure, upon receiv-
ing the SI change indication, the UE may not switch to the
initial active BPW until the current BCCH modification
period ends. In FIG. 3, a BWP switching operation for an
RRC_connected UE due to receiving an SI change indica-
tion is illustrated. The UE may operate on an indicated BWP
as currently active BWP for data transmission or operate on
an initial active BPW able to receive the content of changed
SI required for the UE SI update. Within BCCH modifica-
tion period n, the UE may operate on the indicated BWP for
data transmission according to L1 signaling.

The SI change indication is sent to the UE by paging (e.g.,
a Short Message) from the NW while the UE may operate
on the indicated BWP. At 301, upon receiving the SI change
indication, UE may continue to stay on the indicated BWP
instead of switching immediately to the initial active BWP.
Then, the UE switches to the initial active BWP automati-
cally on the ending boundary of BCCH modification period
n. The BWP switching operation(s) for the UE could be still
performed for certain required services before the automatic
switching to the initial active BWP takes place on the end of
BCCH modification period n.

In this case, PHY sublayer of the NW may know that the
UE switches to the initial active BWP automatically on the
end of BCCH modification period n, and may stop sending
to the UE any other L1 signaling for BWP switching
operations after modification period n ends. The PHY sub-
layer of the NW may know the UE by default will complete
the SI update within the next modification period n+1, the
PHY sublayer may re-take control over the BWP switching
after BCCH modification period n+1 ends. Therefore, at 303
on the ending boundary of modification period n+1 the NW
re-takes the BWP switching operations by sending .1 sig-
naling to switch the initial active BWP to a BWP for data
transmission.

After switching to the initial active BWP on the end of
modification period n, the UE may wait to receive, via the
initial active BWP, broadcast information required for
updating to the changed SI in a next BCCH modification
period directly following modification period n. Therefore,
within BCCH modification period n+1 (the next BCCH
modification period as shown in FIG. 3), the UE performs
the system information acquisition to update the changed
system information if required.

In this case, since the NW may know the UE by default
will complete the SI update within the next modification
period n+1, the PHY sublayer may re-take control over the
BWP switching after BCCH modification period n+1 ends.
Therefore, at 303 on the ending boundary of modification
period n+1 the NW re-takes the BWP switching operations
by sending L1 signaling to switch the initial active BWP to
a BWP for data transmission.
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In one embodiment of the present disclosure, the Con-
nected UE may feedback to the NW while the SI update is
completed, and the NW may take control over the BWP
switching immediately upon receiving the feedback. In FIG.
4, a BWP switching operation for an RRC_connected UE
due to receiving an SI change indication is illustrated. The
UE may operate on an indicated BWP as currently active
BWP for data transmission or operate on an initial active
BPW able to receive the content of changed SI required for
the UE SI update. Within BCCH modification period n, the
UE may operate on the indicated BWP for data transmission
according to L1 signaling.

The SI change indication is sent to the UE by paging (e.g.,
a Short Message) from the NW while the UE may operate
on the indicated BWP. At 401, upon receiving the SI change
indication, UE may continue to stay on the indicated BWP
instead of switching immediately to the initial active BWP.
Then, the UE switches to the initial active BWP automati-
cally on the ending boundary of BCCH modification period
n. The BWP switching operation(s) for the UE could be still
performed for certain required services before the automatic
switching to the initial active BWP takes place on the end of
modification period n. In this case, PHY sublayer of the NW
may know that the UE switches to the initial active BWP
automatically on the end of BCCH modification period n,
and may stop sending to the UE any other L1 signaling for
BWP switching operations after period n ends.

After switching to the initial active BWP on the end of
modification period n, the UE may continue to stay on the
initial active BWP until the update of the required SI
change(s) is completed. At 403, the UE complete the SI
update and feedback to the NW that the system information
update is completed by sending an SI update complete
indication. Upon receiving the SI update complete indica-
tion as the UE feedback, the PHY sublayer of the NW may
re-take control over the BWP switching operation at 403.
Although the UE has to operate on the initial active BWP for
the SI update in DL, the NW may be still able to schedule
data transmission on the initial active BWP.

The UE feedback of SI update complete may be sent by
L1 signaling (via PUCCH) or by MAC-CE transmission on
an uplink (UL) BWP paired with the initial active DL BWP.
If using L1 signaling, the upper sublayer (e.g., RRC) of the
UE may inform PHY sublayer that the SI update is com-
pleted, and the UE PHY sublayer may feedback it to the NW.
The NW may re-take control over the BWP switching after
receiving the feedback in NW PHY sublayer. Alternatively,
if using MAC-CE transmission, the upper sublayer of the
UE may inform MAC sublayer that the system information
update is completed, and the UE MAC sublayer may feed-
back it to the NW. The NW may re-take control over the
BWP switching once receiving the feedback in NW MAC
sublayer.

In one embodiment of the present disclosure, after receiv-
ing an SI change indication the UE may not switch to an
initial active BWP until an L1 signaling is received from the
NW. In FIG. 5, a BWP switching operation for an
RRC_connected UE due to receiving an SI change indica-
tion is illustrated. The UE may operate on an indicated BWP
as currently active BWP for data transmission or operate on
an initial active BPW able to receive the content of changed
SI required for the UE SI update. Within BCCH modifica-
tion period n, the UE may operate on the indicated BWP for
data transmission according to L1 signaling.

The SI change indication is sent to the UE by paging (e.g.,
a Short Message) from the NW while the UE may operates
on the indicated BWP in BCCH modification period n. At
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501, upon receiving the SI change indication, the UE may
not switch to the initial active BWP but continue to stay on
the indicated BWP. On the NW side, the RRC sublayer may
inform the PHY sublayer that the SI change indication is
sent to the UE. The SI change indication may be carried as
part of the Short Message in the paging. In response to the
UE reception of the SI change indication, the PHY sublayer
of the NW may schedule the L1 signaling and decide when
to send the L1 signaling to switch the UE to the initial active
BWP. After sending the SI change indication, the NW may
perform the L1 signaling before BCCH modification period
n ends.

At 503, the UE switches to the initial active BWP in
response to receiving the L1 signaling sent from the NW in
BCCH modification period n, and the NW may also stop
sending to the UE any other L1 signaling for BWP switching
operations. In this case, the PHY sublayer of the NW may
know the UE by default will complete the SI update within
the next modification period (i.e., BCCH modification
period n+1 as shown in FIG. 5), and the PHY sublayer may
re-take control over the BWP switching after BCCH modi-
fication period n+1 ends.

Thus, at 505 the NW re-takes control over the BWP
switching operations on the ending boundary of modifica-
tion period n+1 by sending [.1 signaling to switch the initial
active BWP to a BWP for data transmission.

Alternatively, the NW may re-take control over the BWP
switching operations upon receiving a feedback from the UE
indicating the SI update is complete before BCCH modifi-
cation period n+1 ends. In FIG. 6, the UE receives a L1
signaling for switching to the initial active BWP at 603 after
receiving the SI change indication at 601 in modification
period n, followed by the SI update operations in modifi-
cation period n+1. Once the UE completes the SI update at
605, the UE feedback of SI update complete (e.g., an SI
update completeness indication) may be sent by another L1
signaling (via PUCCH) or by MAC-CE transmission on an
uplink (UL) BWP paired with the initial active DL, BWP. If
using L1 signaling, the upper sublayer (e.g., RRC) of the UE
may inform PHY sublayer that the SI update is completed,
and the UE PHY sublayer may feedback it to the NW. The
NW may re-take control over the BWP switching after
receiving the feedback in NW PHY sublayer. If using
MAC-CE transmission, the upper sublayer of the UE may
inform MAC sublayer that the system information update is
completed, and the UE MAC sublayer may feedback it to the
NW. The NW may re-take control over the BWP switching
once receiving the feedback in NW MAC sublayer.

In one embodiment of the present disclosure, the UE may
receive a public warning system (PWS) notification indica-
tion for ETWS indication or CMAS indication carried in
Short Message of a paging. The PWS notification indication
notifies the UE of immediate reception of a PWS notifica-
tion. When a Connected UE receives a PWS notification
indication broadcasted by paging of the NW, the RRC
sublayer of the UE may inform the PHY sublayer thata PWS
notification reception is required immediately.

If the UE receives the PWS notification indication(s) of a
paging from the NW, the UE has to immediately start
receiving the PWS notification(s) according to the schedul-
ing information in RMSI. The PWS notification indication
may trigger the UE to perform re-acquisition of the sched-
uling information in RMSI for checking scheduling changes
for the SIBs associated with the PWS notification(s). Once
the SIB(s) associated with the corresponding PWS notifica-
tion(s) is no longer scheduled, the UE could stop receives
the SIB(s).
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In FIG. 7, a BWP switching operation for an RRC_con-
nected UE due to receiving a PWS notification indication is
illustrated. The UE may operate on an indicated BWP as
currently active BWP for data transmission or operate on an
initial active BPW able to receive the content of changed SI
required for the UE SI update. Within BCCH modification
period n, the UE may operate on the indicated BWP as the
current active BWP for data transmission according to L1
signaling.

The PWS notification indication is sent to the UE by
paging (e.g., a Short Message) from the NW while the UE
operates on the indicated BWP. At 701, upon receiving the
PWS notification indication, UE may switch automatically
to the initial active BWP from the indicated BWP in BCCH
modification period n. The PWS notification indication may
be carried as part of Short Message in the paging. Then,
RRC sublayer of the NW may inform the PHY sublayer that
the paging has been sent to the UE. So, the PHY sublayer of
the NW knows successful automatic switching to the initial
active BWP and may stop sending to the UE any other L1
signaling for BWP switching operations. The PHY sublayer
of the NW would wait for the information from upper
layer(s) indicating the stop of broadcasting PWS
notification(s) at a certain time point, e.g. at 703 in BBCH
modification period n+2. Then, the PHY sublayer in the NW
could re-start to take control over BWP switching
operation(s).

In another embodiment of the present disclosure, the
Connected UE may feedback to the NW while the PWS
notification is no longer scheduled, and the NW may re-take
control over the BWP switching immediately upon receiving
the feedback. In FIG. 8, a BWP switching operation for an
RRC_connected UE due to receiving a PWS notification
indication is illustrated. The UE may operate on an indicated
BWP as currently active BWP for data transmission or
operate on an initial active BPW able to receive the content
of changed SI required for the UE SI update. Within BCCH
modification period n, the UE may operate on the indicated
BWP for data transmission according to L1 signaling.

The PWS notification indication is sent to the UE by
paging (e.g., a Short Message) from the NW while the UE
may operates on the indicated BWP. At 801, upon receiving
the PWS notification indication, UE may switch to the initial
active BWP automatically from the indicated BWP in
BCCH modification period n. The PWS notification indica-
tion may be carried as part of Short Message in the paging.
Then, RRC sublayer of the NW may inform the PHY
sublayer that the paging has been sent to the UE and the
switching of the UE to the initial active BWP has been
performed. So, the NW may stop sending to the UE any
other L1 signaling for BWP switching operations, and wait
for the UE feedback indicating the PWS notification is no
longer scheduled.

At 803, the UE may inform the NW of the stopping
broadcast of the PWS notification(s) by a feedback that
indicates the PWS notification is no longer scheduled.

In one embodiment of the present disclosure, after receiv-
ing a PWS notification indication the UE may not switch to
an initial active BWP until an L1 signaling is received from
the NW. Since the PWS notification is for emergence, the L1
signalling for switching the UE to the initial active BWP
shall be transmitted as fast as possible. In FIG. 9, a BWP
switching operation for an RRC_connected UE due to
receiving a PWS notification indication is illustrated. The
UE may operate on an indicated BWP as currently active
BWP for data transmission or operate on an initial active
BPW able to receive the content of changed SI required for
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10
the UE SI update. Within BCCH modification period n, the
UE may operate on the indicated BWP for data transmission
according to L1 signaling.

The PWS notification indication is sent to the UE by
paging (e.g., a Short Message) from the NW while the UE
may operate on the indicated BWP in BCCH modification
period n. At 901, upon receiving the PWS notification
indication, the UE may not switch to the initial active BWP
but continue to stay on the indicated BWP until an L1
signaling from the NW is received. At 903, the UE switches
to the initial active BWP in response to receiving the L1
signaling sent from the NW in BCCH modification period n,
and the NW may also stop sending to the UE any other L1
signaling for BWP switching operations. At 905, the PHY
sublayer of the NW would wait for the information from
upper layer(s) indicating the stop of broadcasting PWS
notification(s) at a certain time point, e.g. in BCCH modi-
fication period n+2. Then, the PHY sublayer in the NW
could re-start to take control over BWP switching
operation(s).

Alternatively, the UE may inform the NW of the stopping
broadcast of the PWS notification(s) by a feedback that
indicates the PWS notification is no longer scheduled in this
case.

In some embodiments of the present disclosure, a BWP
inactivity timer is introduced to switch an ongoing indicated
BWP (or the currently active BWP) to a default BWP after
a certain inactive time. The BWP inactivity timer may start
to run for an inactive time period immediately after the UE
switches off the default BWP. In other words, no matter what
BWPs the Connected_UE currently operates on, the UE may
switch back to the default BWP immediately after the BWP
inactivity timer expires.

If the initial active BWP is the default BWP, the currently
running BWP inactivity timer would stop after receiving
Short Message on the configured active BWP. The UE may
switch to another BWP after SI acquisition in response to
receiving an L1 signalling, and the BWP inactivity timer
would reset with the configured value and start running.

If the initial active BWP is not the default BWP, the
currently running BWP inactivity timer may keep running.
In some embodiments, the BWP inactivity timer would
restart with the configured value and start running. It is noted
that the configured value may be different from the normal
one (i.e., the normal one is not used for SI acquisition upon
switching to the initial active BWP). For example, gNB(s)
may configure the BWP inactivity timer with two values,
one is 5 ms, the other is 40 ms (e.g., equal to the duration of
one BCCH modification period), and UE will automatically
apply the second one when the UE needs to perform SI
acquisition after receiving the SI change indication carried
in the Short Message.

In one embodiment of the present application, if the BWP
inactivity timer expires but the SI update is not complete, the
UE may keep staying on the initial active BWP until the next
L1 signalling (e.g., DCI) controls the UE to perform another
BWP switching. The NW may need the timing of the SI
update completeness by an NW control mechanism (e.g.,
waiting for the whole BCCH modification period for SI
updated as introduced in the above embodiments) or an UE
control mechanism (e.g., by waiting for the UE feedback as
introduced in the above embodiments). The BWP inactivity
timer would then reset and restart while the UE is switched
to another BWP, which is not the default BWP. On the other
hand, if the BWP inactivity timer is expired but the PWS
notification receiving is not complete, the UE would keep
staying on the initial active BWP until the next L1 signalling
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(e.g., DCI) controls the UE to perform another BWP switch.
The NW would need the timing of the SI complete by an
NW control mechanism (e.g., waiting for the whole BCCH
modification period for SI updated as introduced in the
embodiments) or an UE control mechanism (e.g., by waiting
for the UE feedback as introduced in the embodiment). The
BWP inactivity timer may then reset and restart while the
UE switches to another BWP, which is not the default BWP.
If there is no system information change indication or Public
Warning System (PWS) notification indication indicating
that the following SI update or PWS notification receiving
procedure is required, once the BWP inactivity timer
expires, the UE would automatically switch to the default
BWP without L1 signalling.

FIG. 10 illustrates a block diagram of a device for
wireless communication, according to various exemplary
implementations of the present disclosure. As shown in FIG.
10, device 1000 may include transceiver 1020, processor
1026, memory 1028, one or more presentation components
1034, and at least one antenna 1036. Device 1000 may also
include an RF spectrum band module, a base station com-
munications module, a network communications module,
and a system communications management module, input/
output (I/O) ports, /O components, and power supply (not
explicitly shown in FIG. 10). Each of these components may
be in communication with each other, directly or indirectly,
over one or more buses 1026.

Transceiver 1020 having transmitter 1022 and receiver
1024 may be configured to transmit and/or receive time
and/or frequency resource partitioning information. In some
implementations, transceiver 1020 may be configured to
transmit in different types of subframes and slots including,
but not limited to, usable, non-usable and flexibly usable
subframes and slot formats. Transceiver 1020 may be con-
figured to receive data and control channels.

Device 1000 may include a variety of computer-readable
media. Computer-readable media can be any available
media that can be accessed by device 1000 and include both
volatile and non-volatile media, removable and non-remov-
able media. By way of example, and not limitation, com-
puter-readable media may comprise computer storage media
and communication media. Computer storage media
includes both volatile and non-volatile, removable and non-
removable media implemented in any method or technology
for storage of information such as computer-readable
instructions, data structures, program modules or other data.

Computer storage media includes RAM, ROM,
EEPROM, flash memory or other memory technology, CD-
ROM, digital versatile disks (DVD) or other optical disk
storage, magnetic cassettes, magnetic tape, magnetic disk
storage or other magnetic storage devices. Computer storage
media does not comprise a propagated data signal. Commu-
nication media typically embodies computer-readable
instructions, data structures, program modules or other data
in a modulated data signal such as a carrier wave or other
transport mechanism and includes any information delivery
media. The term “modulated data signal” means a signal that
has one or more of its characteristics set or changed in such
a manner as to encode information in the signal. By way of
example, and not limitation, communication media includes
wired media such as a wired network or direct-wired con-
nection, and wireless media such as acoustic, RF, infrared
and other wireless media. Combinations of any of the above
should also be included within the scope of computer-
readable media.

Memory 1028 may include computer-storage media in the
form of volatile and/or non-volatile memory. Memory 1028
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may be removable, non-removable, or a combination
thereof. Exemplary memory includes solid-state memory,
hard drives, optical-disc drives, and etc. As illustrated in
FIG. 10, memory 1028 may store computer-readable, com-
puter-executable instructions 1032 (e.g., software codes)
that are configured to, when executed, cause processor 1026
to perform various functions described herein, for example,
with reference to FIGS. 1 through 9. Alternatively, instruc-
tions 1032 may not be directly executable by processor 1026
but be configured to cause device 1000 (e.g., when compiled
and executed) to perform various functions described herein.

Processor 1026 may include an intelligent hardware
device, e.g., a central processing unit (CPU), a microcon-
troller, an ASIC, and etc. Processor 1026 may include
memory. Processor 1026 may process data 1030 and instruc-
tions 1032 received from memory 1028, and information
through transceiver 1020, the base band communications
module, and/or the network communications module. Pro-
cessor 1026 may also process information to be sent to
transceiver 1020 for transmission through antenna 1036, to
the network communications module for transmission to a
core network.

One or more presentation components 1034 presents data
indications to a person or other device. Exemplary one or
more presentation components 1034 include a display
device, speaker, printing component, vibrating component,
and etc.

From the above description it is manifest that various
techniques can be used for implementing the concepts
described in the present disclosure without departing from
the scope of those concepts. Moreover, while the concepts
have been described with specific reference to certain imple-
mentations, a person of ordinary skill in the art would
recognize that changes can be made in form and detail
without departing from the scope of those concepts. As such,
the described implementations are to be considered in all
respects as illustrative and not restrictive. It should also be
understood that the present disclosure is not limited to the
particular implementations described above, but many rear-
rangements, modifications, and substitutions are possible
without departing from the scope of the present disclosure.

What is claimed is:

1. A method for a user equipment (UE) of a connected
state, the method comprising:

receiving a system information (SI) change indication

broadcasted by a paging via a currently active band-
width part (BWP) during a modification period;
in response to receiving the SI change indication, switch-
ing from the currently active BWP to an initial active
BWP for an SI update;

receiving remaining minimum SI (RMSI) via the initial
active BWP during a next modification period that
immediately follows the modification period, wherein
the RMSI includes information associated with
changed system information blocks (SIBs);

determining which of the changed SIBs is required to be
updated for the UE according to the received RMSI;
and

receiving content of the required changed SIBs based on

the determination.

2. The method of claim 1, wherein the currently active
BWP is switched to the initial active BWP automatically on
the end of the modification period.

3. The method of claim 1, wherein the currently active
BWP is switched to the initial active BWP immediately upon
receiving the SI change indication.
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4. The method of claim 1, wherein the currently active
BWP is switched to the initial active BWP in response to
receiving downlink control information (DCI).

5. The method of claim 1, further comprising:

completing the SI update of the required changed SIBs
within the next modification period in response to
receiving the content of the required changed SIBs.

6. The method of claim 1, further comprising:

sending an SI update complete indication as a feedback
indicating completeness of the SI update via an uplink
BWP.

7. The method of claim 1, wherein the UE is pre-
configured with a default BWP and a BWP inactivity timer
for the connected state, and wherein the UE starts the BWP
inactivity timer after switching off the default BWP and
switches back to the default BWP after the BWP inactivity
timer expires.

8. The method of claim 7, wherein the BWP inactivity
timer stops after the currently active BWP for data trans-
mission is switched to an initial active BWP in response to
receiving the SI change indication.

9. The method of claim 7, wherein the BWP inactivity
timer is further configured to have a short period and a long
period, and wherein the UE selects the long period for the
BWP inactivity timer upon receiving the SI change indica-
tion.

10. The method of claim 7, wherein the UE stays on the
initial active BWP in order to complete the SI update after
the BWP inactivity timer expires.

11. A user equipment (UE) for wireless communication,
comprising:

a non-transitory machine-readable medium storing com-

puter-executable instructions;
a processor coupled to the non-transitory computer-read-
able medium, and configured to execute the computer-
executable instructions to cause the UE of a connected
state to perform operations comprising:
receiving a system information (SI) change indication
broadcasted by a paging via a currently active band-
width part (BWP) during a modification period;

in response to receiving the SI change indication,
switching from currently active BWP to an initial
active BWP for an SI update; and

receiving remaining minimum SI (RMS]I) via the initial
active BWP during a next modification period that
immediately follows the modification period,
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wherein the RMSI includes information associated
with changed system information block (SIB);
determining which of the changed SIBs is required to
be updated for the UE according to the received
RMSI; and
receiving content of the required changed SIBs based
on the determination.

12. The UE of claim 11, wherein the currently active BWP
is switched to the initial active BWP automatically on the
end of the modification period.

13. The UE of claim 11, wherein the currently active BWP
is switched to the initial active BWP immediately upon
receiving the SI change indication.

14. The UE of claim 11, wherein the currently active BWP
is switched to the initial active BWP in response to receiving
downlink control information (DCI).

15. The UE of claim 11, wherein the processor is further
configured to execute the computer-executable instructions
to cause the UE of a connected state to perform operations
comprising:

completing the SI update of the required changed SIBs

within the next modification period in response to
receiving the content of the required changed SIBs.

16. The UE of claim 15, wherein the processor is further
configured to execute the computer-executable instructions
to cause the UE of a connected state to perform operations
comprising:

sending an SI update complete indication as a feedback

indicating completeness of the SI update via an uplink
BWP.

17. The UE of claim 11, wherein the UE is pre-configured
with a default BWP and a BWP inactivity timer for the
connected state, and wherein the UE starts the BWP inac-
tivity timer after switching off the default BWP and switches
back to the default after the BWP inactivity timer expires.

18. The UE of claim 17, wherein the BWP inactivity timer
stops after the currently active BWP for data transmission is
switched to an initial active BWP in response to receiving
the SI change indication.

19. The UE of claim 17, wherein the BWP inactivity timer
is further configured to have a short period and a long period,
and wherein the UE selects the long period for the BWP
inactivity timer upon receiving the SI change indication.

20. The UE of claim 17, wherein the UE stays on the
initial active BWP in order to complete the SI update after
the BWP inactivity timer expires.
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(57) ABSTRACT

A user equipment (UE) for wireless communication is
configured to perform bandwidth part (BWP) switching
operation in response to receiving a system information
change indication. The UE receives the system information
change indication via a currently active BWP in a BCCH
modification period. The system information change indi-
cation notifies the UE that contents of system information
have been changed. The UE switches from the currently
active BWP to an initial active BWP to receive the changed
contents of system information which are required for the
UE. The UE receives the changed contents of system
information via the initial active BWP in a next BCCH
modification period that immediately follows the BCCH
modification period. The UE updates the system information
according to the changed contents.
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ON-DEMAND SYSTEM INFORMATION
REQUEST PROCEDURE AND ERROR
HANDLING

CROSS-REFERENCE TO RELATED
APPLICATION(S)

The present application claims the benefit of and priority
to a provisional U.S. Patent Application Ser. No. 62/651,
312, filed on Apr. 2, 2018, entitled “On-Demand System
Information Request Procedure and Error Handling,” (here-
inafter referred to as “US73481 application”). The disclo-
sure of the US73481 application is hereby incorporated fully
by reference into the present application.

FIELD

The present disclosure generally relates to wireless com-
munication, and more particularly, to the on-demand system
information (SI) request procedure for the next generation
wireless communication networks.

BACKGROUND

The concept of on-demand System Information (SI)
request has been introduced in the next generation wireless
network (e.g., a 5 generation (5G) new radio (NR) net-
work). When a UE finds that a required SI message(s) is not
broadcasted, based on information in the System Informa-
tion Block Type 1 (SIB1) (e.g., a one-bit indicator that shows
whether the corresponding SI message is currently broad-
casted or not) and the mapping of the SIBs to SI messages,
the UE may perform an on-demand SI request procedure to
ask the network (also referred to as NW) to broadcast the
required SIB(s) and/or SI message(s). However, the next
generation wireless network lacks an efficient mechanism
for error handling associated with the on-demand SI request
procedure.

SUMMARY

The present disclosure is directed to on-demand system
information request procedure and the corresponding error
handling procedure for the next generation wireless com-
munication networks.

According to an aspect of the present disclosure, a method
of wireless communications performed by a user equipment
(UE) is provided. The method includes performing an on-
demand system information (SI) request procedure in a first
cell; and performing an error handling procedure if the
on-demand SI request procedure in the first cell is unsuc-
cessful. The error handling procedure includes storing SI
request failure information.

According to another aspect of the present disclosure, a
UE is provided. The UE includes one or more non-transitory
computer-readable media having computer-executable
instructions embodied thereon and at least one processor
coupled to the one or more non-transitory computer-read-
able media. The at least one processor is configured to
execute the computer-executable instructions to perform an
on-demand system information (SI) request procedure in a
first cell, and perform an error handling procedure if the
on-demand SI request procedure in the first cell is unsuc-
cessful. The error handling procedure includes storing SI
request failure information.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the exemplary disclosure are best understood
from the following detailed description when read with the
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accompanying figures. Various features are not drawn to
scale, dimensions of various features may be arbitrarily
increased or reduced for clarity of discussion.

FIG. 1 is a sequence diagram illustrating the transmission
of SI request failure information, according to an exemplary
implementation of the present application.

FIG. 2 is a sequence diagram illustrating an example of an
on-demand SI request being transmitted to an MN in the DC
mode, according to an exemplary implementation of the
present application.

FIG. 3 is a sequence diagram illustrating an example of an
on-demand SI request being transmitted to an SN in the DC
mode, according to an exemplary implementation of the
present application.

FIG. 4 is a sequence diagram illustrating an example of a
UE determining the failure of an SI request in the DC mode,
according to an exemplary implementation of the present
application.

FIG. 5 is a sequence diagram illustrating an example of a
UE receiving SI request rejection information in the DC
mode, according to an exemplary implementation of the
present application.

FIG. 6 is a flowchart for a method of wireless commu-
nications performed by a UE, according to an example
implementation of the present application.

FIG. 7 illustrates a block diagram of a node for wireless
communication, in accordance with various aspects of the
present application.

DETAILED DESCRIPTION

The following description contains specific information
pertaining to exemplary implementations in the present
disclosure. The drawings in the present disclosure and their
accompanying detailed description are directed to merely
exemplary implementations. However, the present disclo-
sure is not limited to merely these exemplary implementa-
tions. Other variations and implementations of the present
disclosure will occur to those skilled in the art. Unless noted
otherwise, like or corresponding elements among the figures
may be indicated by like or corresponding reference numer-
als. Moreover, the drawings and illustrations in the present
disclosure are generally not to scale, and are not intended to
correspond to actual relative dimensions.

For the purpose of consistency and ease of understanding,
like features are identified (although, in some examples, not
shown) by numerals in the exemplary figures. However, the
features in different implementations may be differed in
other respects, and thus shall not be narrowly confined to
what is shown in the figures.

The description uses the phrases “in one implementation,”
or “in some implementations,” which may each refer to one
or more of the same or different implementations. The term
“coupled” is defined as connected, whether directly or
indirectly through intervening components, and is not nec-
essarily limited to physical connections. The term “compris-
ing,” when utilized, means “including, but not necessarily
limited to”; it specifically indicates open-ended inclusion or
membership in the so-described combination, group, series
and the equivalent. The expression “at least one of A, B and
C” or “at least one of the following: A, B and C” means
“only A, or only B, or only C, or any combination of A, B
and C.”

Additionally, for the purposes of explanation and non-
limitation, specific details, such as functional entities, tech-
niques, protocols, standard, and the like are set forth for
providing an understanding of the described technology. In
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other examples, detailed description of well-known meth-
ods, technologies, system, architectures, and the like are
omitted so as not to obscure the description with unneces-
sary details.

Persons skilled in the art will immediately recognize that
any network function(s) or algorithm(s) described in the
present disclosure may be implemented by hardware, soft-
ware or a combination of software and hardware. Described
functions may correspond to modules may be software,
hardware, firmware, or any combination thereof. The soft-
ware implementation may comprise computer executable
instructions stored on computer readable medium such as
memory or other type of storage devices. For example, one
or more microprocessors or general purpose computers with
communication processing capability may be programmed
with corresponding executable instructions and carry out the
described network function(s) or algorithm(s). The micro-
processors or general purpose computers may be formed of
applications specific integrated circuitry (ASIC), program-
mable logic arrays, and/or using one or more digital signal
processor (DSPs). Although some of the exemplary imple-
mentations described in this specification are oriented to
software installed and executing on computer hardware,
nevertheless, alternative exemplary implementations imple-
mented as firmware or as hardware or combination of
hardware and software are well within the scope of the
present disclosure.

The computer readable medium includes but is not limited
to random access memory (RAM), read only memory
(ROM), erasable programmable read-only memory
(EPROM), electrically erasable programmable read-only
memory (EEPROM), flash memory, compact disc read-only
memory (CD-ROM), magnetic cassettes, magnetic tape,
magnetic disk storage, or any other equivalent medium
capable of storing computer-readable instructions.

A radio communication network architecture (e.g., a long
term evolution (LTE) system, a LTE-Advanced (LTE-A)
system, a [TE-Advanced Pro system, or a 5G New Radio
(NR) Radio Access Network) typically includes at least one
base station, at least one user equipment (UE), and one or
more optional network elements that provide connection
towards a network. The UE communicates with the network
(e.g., a core network (CN), an evolved packet core (EPC)
network, an Evolved Universal Terrestrial Radio Access
network (E-UTRAN), a 5G Core (5GC), or an internet),
through a radio access network (RAN) established by one or
more base stations.

It should be noted that, in the present application, a UE
may include, but is not limited to, a mobile station, a mobile
terminal or device, a user communication radio terminal. For
example, a UE may be a portable radio equipment, which
includes, but is not limited to, a mobile phone, a tablet, a
wearable device, a sensor, or a personal digital assistant
(PDA) with wireless communication capability. The UE is
configured to receive and transmit signals over an air
interface to one or more cells in a radio access network.

A base station may include, but is not limited to, a node
B (NB) as in the UMTS, an evolved node B (eNB) as in the
LTE-A, a radio network controller (RNC) as in the UMTS,
a base station controller (BSC) as in the GSM/GERAN, a
ng-eNB as in an E-UTRA base station in connection with the
5GC, a next generation node B (gNB) as in the 5G-RAN,
and any other apparatus capable of controlling radio com-
munication and managing radio resources within a cell. The
base station may connect to serve the one or more UEs
through a radio interface to the network.
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A base station may be configured to provide communi-
cation services according to at least one of the following
radio access technologies (RATs): Worldwide Interoperabil-
ity for Microwave Access (WiIMAX), Global System for
Mobile communications (GSM, often referred to as 2G),
GSM EDGE radio access Network (GERAN), General
Packet Radio Service (GRPS), Universal Mobile Telecom-
munication System (UMTS, often referred to as 3G) based
on basic wideband-code division multiple access
(W-CDMA), high-speed packet access (HSPA), LTE, LTE-
A, eLTE (evolved LTE), New Radio (NR, often referred to
as 5G), and/or LTE-A Pro. However, the scope of the present
application should not be limited to the above mentioned
protocols.

The base station is operable to provide radio coverage to
a specific geographical area using a plurality of cells form-
ing the radio access network. The base station supports the
operations of the cells. Each cell is operable to provide
services to at least one UE within its radio coverage. More
specifically, each cell (often referred to as a serving cell)
provides services to serve one or more UEs within its radio
coverage, (e.g., each cell schedules the downlink and option-
ally uplink resources to at least one UE within its radio
coverage for downlink and optionally uplink packet trans-
missions). The base station can communicate with one or
more UEs in the radio communication system through the
plurality of cells. A cell may allocate sidelink (SL) resources
for supporting proximity service (ProSe) or Vehicle to
Everything (V2X) service. Each cell may have overlapped
coverage areas with other cells.

As discussed above, the frame structure for NR is to
support flexible configurations for accommodating various
next generation (e.g., 5G) communication requirements,
such as enhanced mobile broadband (eMBB), massive
machine type communication (mMTC), ultra reliable com-
munication and low latency communication (URLLC),
while fulfilling high reliability, high data rate and low
latency requirements. The orthogonal frequency-division
multiplexing (OFDM) technology as agreed in 3GPP may
serve as a baseline for NR waveform. The scalable OFDM
numerology, such as the adaptive sub-carrier spacing, the
channel bandwidth, and the Cyclic Prefix (CP) may also be
used. Additionally, two coding schemes are considered for
NR: (1) low-density parity-check (LDPC) code and (2) Polar
Code. The coding scheme adaption may be configured based
on the channel conditions and/or the service applications.

Moreover, it is also considered that in a transmission time
interval TX of a single NR frame, a downlink (DL) trans-
mission data, a guard period, and an uplink (UL) transmis-
sion data should at least be included, where the respective
portions of the DL transmission data, the guard period, the
UL transmission data should also be configurable, for
example, based on the network dynamics of NR. In addition,
sidelink resource may also be provided in a NR frame to
support ProSe services or V2X services.

The 3rd Generation Partnership Project (3GPP) has intro-
duced a new radio resource control (RRC) state (i.e., the
RRC_INACTIVE state) for the next generation (e.g., Sth
generation (5G)) wireless communication networks. The
RRC_INACTIVE state (also referred to as inactive state in
the following description) aims to achieve power saving
with acceptable access latency, and is suitable especially for
small data transmission, such as in machine type commu-
nications (MTC) scenarios. When a UE is in an inactive
state, the 5G radio access network (5G-RAN) (e.g., the next
generation radio access network (NG-RAN), other 3GPP/
non-3GPP access network connected to a 5G core network)

Ex.1002
APPLE INC. / Page 59 of 404



Case: 122-cv-02176 Document $# 4 BiBde QAETIRRRerr kY ARIFRapiiDies

US 10,791,502 B2

5

and the UE store the “UE context” (which may include
Access Stratum (AS) context and Non-Access Stratum
(NAS) context of the UE) separately. In addition, when the
UE is in the inactive state, the UE may not have an RRC
connection with the 5G-RAN; although the 5G-RAN may
keep a connection with the next generation core network
(e.g., 5G Core Network (5GC)).

The on-demand SI request procedure may be imple-
mented differently for the UEs that are in different Radio
Resource Control (RRC) states. For example, in one imple-
mentation, for a UE that is in a connected state, the NW may
deliver on-demand SI messages or SIB(s) via dedicated
signaling to the UE after receiving an SI request from the
UE. In some implementations, for a UE that is in an idle state
or an inactive state, the NW may deliver on-demand SI
messages or SIB(s) via broadcasting. In some implementa-
tions, the NW may control the message type for the on-
demand SI request procedure. For example, the message
type for the on-demand SI request procedure may include a
Message 1 (MSG1) based approach and a Message 3
(MSG?3) based approach.

In some of the present embodiments, if a Random Access
(RA) preamble and/or a Physical Random Access Channel
(PRACH) resource specific to each SIB or set of SIBs
(which the UE needs to acquire) is included in the minimum
SI (e.g., in the Master Information Block and the SIB1), the
SI request may be indicated using an MSG 1-based
approach.

In an MSG1-based SI request, in some implementations,
the minimum granularity for a requested SI may be one SI
message (for a set of SIBs, as in an LTE scenario). In some
of such implementations, one RA preamble may be used to
request for multiple SI messages. In some implementations,
a Random Access Preamble Index (RAPID) may be
included in a Message 2 (MSG2). Other fields, such as
Timing Advance (TA), UL grant and Temporary Cell Radio
Network Temporary Identifier (C-RNTI), may not be
included in the MSG2 in some implementations.

In some of the present embodiments, an RA procedure for
SI request may be considered successful when the UE
receives an MSG?2 that includes a RAPID corresponding to
the transmitted preamble. The MSG2 reception may use an
RA-RNTT that corresponds to the MSG1 transmitted by the
UE.

In some of the present embodiments, the UE may retrans-
mit the RA preamble according to an NR RA power ramping
when the SI request is considered to be unsuccessful. The
MSGT1 for SI request re-transmission may be continued until
reaching maximum preamble transmissions in some of the
present embodiments. Thereafter, an RA problem may be
indicated to the upper layer (e.g., RRC layer). In some of the
present embodiments, a Back off mechanism may be appli-
cable to the MSGl1-based SI requests. In some of such
embodiments, however, no special back off sub-header/
procedure may be required.

In some of the present embodiments, if the RA preamble
and/or the PRACH resource (or PRACH occasions) specific
to each SIB or set of SIBs (which the UE needs to acquire)
is not included in the minimum SI, the SI request may be
included in an MSG3. The UE may determine whether the
MSG3-based approach is successful or not based on a
reception of the MSG4. The preamble(s) and/or the PRACH
occasions for the SI request using the MSG3-based approach
may not be reserved in some aspects of the present embodi-
ments. RRC signaling may be used for the SI request in an
MSG3-based approach. In some embodiments, the UE’s ID
may not be included in the MSG3.
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In some of the present embodiments, a temporary
C-RNTT received in the MSG2 may be used for an MSG4
reception. The UE may check the contention resolution
Medium Access Control (MAC) Control Element (CE)
against the transmitted request.

Specifically, based on the MSG1-based SI request proce-
dure, a UE which transmits a preamble on a dedicated
PRACH resource (or PRACH occasions) for the SI request
may need to wait for a corresponding Random Access
Response (RAR) within a configured RAR window. If no
RAR that contains a RAPID corresponding to the transmit-
ted preamble is received, the UE may retransmit the RA
preamble until the corresponding RAR is received. The
MSG1 for SI request re-transmission, in some of the present
embodiments, may be continued until a maximum preamble
transmission is reached. In some of such embodiments, an
RA problem may be indicated to the upper layers. However,
during the whole MSG1-based SI request procedure, the
requested SIB(s) or SI message(s) may be broadcasted based
on the NW decision or other UE’s SI request(s). There may
be a power consumption issue if the UE does not stop the
ongoing MSG1-based SI request procedure when the
required SIB(s) has been broadcasted.

As described above, based on the MSG1-based SI request
procedure, a UE which transmits a preamble on a dedicated
PRACH resource for the SI request may need to wait for the
corresponding RAR within a configured RAR window. If no
RAR that contains a RAPID corresponding to the transmit-
ted preamble is received, the UE may retransmit the RA
preamble until reaching a maximum preamble transmission,
and then an RA problem may be indicated to upper layers.
If the corresponding RAR is received, the UE may send an
MSGS3 to indicate the required SIB(s) and/or SI message(s).
After sending the MSG3, the UE may need to wait for a
period e.g., defined by a contention resolution timer) for
receiving the MSG4 for contention resolution. If the con-
tention resolution timer expires and no MSG4 is received,
the UE may retransmit a preamble again. In some of the
present embodiments, the MSG1 for the SI request re-
transmission may be continued until a maximum preamble
transmission is reached. In some aspects of the present
embodiments, an RA problem may be indicated to the upper
layers. Similarly, since contention resolution is also adopted
for the MSG3-based SI request procedure, an RA problem
may be indicated to the upper layers if the maximum
preamble transmission is reached.

CASE 1: A UE’s Behaviour when an On-Demand SI
Request is Unsuccessful for the UE in an Idle State or an
Inactive State:

When an MSG1-based SI request or an MSG3-based SI
request procedure in a cell is failed, the UE may consider the
cell as barred, or may consider that the required SIB(s)
and/or SI message(s) are not available. In one implementa-
tion, the UE may consider the on-demand SI request pro-
cedure as unsuccessful when the number of times the UE
transmits a random access preamble reaches a threshold
(e.g., maximum allowable preamble transmissions), and/or
the UE receives SI request rejection information (e.g., in a
RAR) in some of the present embodiments.

If the UE considers that a cell is barred due to an SI
request failure, the UE may consider the cell as barred for a
configurable time period or a fixed time period (e.g., for 300
s). The UE may perform a cell reselection procedure to find
another cell to camp on. The barring time period may be
broadcasted to the UE in system information, carried in an
MSG2 or MSG4, or may be predefined as a fixed value in
some of the present embodiments.
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If the UE considers that the required SIB(s) and/or SI
message(s) are not available, the UE may not perform the SI
request for the unavailable SIB(s) and/or SI message(s)
again on the cell. In some of the present embodiments, when
the UE considers that the required SIB(s) and/or SI
message(s) are not available (e.g., when an RA procedure
problem is reported, or when SI request rejection informa-
tion is received), the UE may activate a prohibit timer. In
some of such embodiments, the UE may avoid initiating
another on-demand SI request procedure until the prohibit
timer expires. In one implementation, the UE is forbidden to
perform another on-demand SI request procedure until the
prohibit timer expires. For example, the prohibit timer may
start when an upper layer (e.g., the RRC layer) receives the
SI request rejection information, or receives the RA problem
due to an SI request failure from a lower layer (e.g., the
MAC layer). After the prohibit timer expires, the UE may
initiate another SI request procedure. The prohibit timer may
be preconfigured or may be a fixed value in some of the
present embodiments. The value of the prohibit timer may
be broadcasted in system information, carried in an MSG2
or MSG4, or may be predefined as a fixed value in some
embodiments.

In one implementation, if the prohibit timer is not present
in the signaling from the NW, it is up to UE’s implemen-
tation on when to start the SI request procedure again.

In one implementation, the UE may determine whether to
perform a cell reselection procedure due to a failure of the
MSG1-based SI request or the MSG3-bsed SI request. The
UE may make such a determination based on whether the
required SIB(s) and/or SI message(s) are essential for the
UE (e.g. essential for the UE’s targeting services) or based
on some other predefined rules. For example, the UE may
determine to perform a cell reselection procedure as a result
of an unsuccessful SI request if the required SIB(s) and/or SI
message(s) are essential.

The UE may perform a cell reselection procedure due to
a failure of the MSG1-based SI request or the MSG3-based
SI request. Specifically, when the UE performs a cell rese-
lection procedure, the UE may consider the cell, for which
the UE fails to request the required SIB(s) and/or SI mes-
sages(s), as barred or having a lower priority (e.g., by setting
the priority of the frequency on which the barred cell is to
a default value). In one implementation, the requested
SIB(s) and/or SI messages(s) may be defined/considered as
the essential SI for different UE categories or UE types. If
the requested SIB(s) and/or SI messages(s) are not defined/
considered as the essential SI for the category or type of the
UE, the UE may decide whether to re-request the requested
SIB(s) or SI messages(s) on the camped cell. In one imple-
mentation, if the requested SIB(s) or SI messages(s) are not
defined/considered as the essential SI for the category or
type of the UE, a prohibit timer may start when the upper
layer (e.g., the RRC layer) receives the RA problem due to
an SI request failure from the lower layer (e.g., the MAC
layer). After the prohibit timer expires, the UE may perform
the SI request procedure again. The prohibit timer may be
preconfigured or be a fixed value. The value of the prohibit
timer may be broadcasted in the system information, carried
in an MSG2 or MSG4, or may be predefined as a fixed value.

CASE 2: A UE’s Behaviour when the On-Demand SI
Request is Unsuccessful for the UE in a Connected State:

A UE may also request the required SIB(s) or SI
message(s) while the UE is in a connected state. Normally,
the UE may receive the required SIB(s) or SI message(s) via
dedicated signaling. If the UE does not receive the required
SIB(s) or SI message(s) via dedicated signaling, (e.g., no
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response from the NW side to deliver the required SIB(s) or
SI message(s), or receiving SI request rejection informa-
tion), the UE may consider that there is an NW error and
perform reestablishment to another qualified cell if there is
another qualified cell with a valid UE context. If there is no
such a qualified cell or if the reestablishment is rejected/
failed, the UE may switch to an idle state and perform a cell
reselection procedure by considering the cell as barred. In
another implementation, the UE may directly switch to the
idle state and then perform a cell reselection procedure by
considering the cell as barred.

In one implementation, the NW may respond an SI
request rejection message/information to the UE. After
receiving the SI request rejection message/information, the
UE may consider that the required SIB(s) or SI message(s)
are not available and may not perform the SI request for
those SIB(s) or SI message(s) again on the cell. In another
implementation, a prohibit timer may be initiated when the
UE receives the SI request rejection message/information.
After the prohibit timer expires, the UE may perform an SI
request procedure again. The prohibit timer may be precon-
figured or may be a fixed value.

In one implementation, when the SI request procedure is
unsuccessful, the UE may perform, at least, a reestablish-
ment procedure, switch to an idle state for a cell reselection
procedure, mark that the requested SIB(s) or SI message(s)
are not available, etc.

In one implementation, the requested SIB(s) or SI mes-
sages(s) may be defined/considered as the essential SI for
different UE categories or UE types. The UE may switch to
the idle state and perform a cell reselection procedure when
the SI request for essential SI is failed. The UE may consider
the cell in which the SI request is failed as barred, or having
a lower priority when performing a cell reselection proce-
dure (e.g., by setting the priority of the frequency on which
the barred cell is to a default value). The UE, in some of the
present embodiments, may only mark that the requested
SIB(s) or SI message(s) are not available when the SI
request for non-essential SI is failed.

In the connected state, the NW may perform a handover
(HO) procedure (e.g., from a source gNB to a target gNB)
when receiving the SI request for required SIB(s) or SI
message(s) that are not provided by the NW. The target gNB
may provide the required SIB(s) or SI message(s) in the HO
command (e.g., based on the SI request information pro-
vided in the HO Request message from the source gNB).

In the Dual Connectivity (DC) mode, the UE may inform
the cause of a Secondary Node (SN) SI request failure, or the
information related to the SI request failure to a Master Node
(MN) when the on-demand SI request for the SIB(s) of the
SN is rejected or failed. After the MN receives the cause of
an SI request failure or the information related to the SI
request failure, in some of the present embodiments, the MN
may try to resolve the SN SI request rejection/failure prob-
lem. For example, in one aspect of the present embodiments,
the MN may release the SN or change the SN to a new SN
for the UE.

CASE 3: Store and Report the Information Related to the
SI Request Failure:

An MSGl-based SI request or an MSG3-bsed SI request
procedure may be failed when a lower layer (e.g., the MAC
layer) informs an upper layer (e.g., the RRC layer) of an RA
problem. Since the RRC layer knows the RA procedure is
triggered for the SI request, the UE may store the SI request
failure information. The SI request failure information may
include one or more parameters used in the on-demand SI
request procedure. The SI request failure information may
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include at least one of the following: the on-demand SIB(s)
requested by the UE, the on-demand SI message(s)
requested by the UE, the cell ID (of the cell in which the UE
has performed the SI procedure but has failed), SSB Index(s)
(Synchronization Signal Block Index(s)) to perform the SI
request procedure, the message type of the failed SI request
procedure (e.g., MSG1-based or MSG3-based), the time-
stamp (e.g., when to perform the SI request procedure), etc.
The SSB Index may indicate which SSB with RA resource
(or RA occasions) is used for a preamble transmission. For
example, for an MSG1-based approach, the dedicated RA
resource (or RA occasions) for transmitting a preamble may
be associated with an SSB. For an MSG3-based approach,
the common RA resource (or RA occasions) for transmitting
a preamble may be associated with an SSB. The UE may
report such failure information to the NW when switching to
a connected state later. The UE may mandatorily report the
information of the SI request failure, according to the
configuration, or upon an NW request. The content of the SI
request failure information may be predefined, may be based
on the required information indicated in the received SI
request failure information message, or may be based on the
configuration.

FIG. 1 is a sequence diagram illustrating the transmission
of SI request failure information, according to an exemplary
implementation of the present application. As shown in
diagram 100, in action 110, serving node 104 (e.g., a gNB)
may send a request to UE 102 to provide the information
related to SI request failure. For example, serving node 104
may send an SI Request Failure Information Request mes-
sage to UE 102 if UE 102 informs serving node 104 that
such information is stored. In one implementation, UE 102
may set one bit in an RRC message (e.g., in the RRC
Connection Setup Complete message or in the RRC Con-
nection Resume message) to true (or ‘1) to inform serving
node 104 that UE 102 supports storage of the SI request
failure information and it has the SI request failure infor-
mation stored. Serving node 104 may determine to request
the SI request failure information after receiving such infor-
mation from UE 102. In action 112, UE 102 may send a
message including the SI request failure information to
serving node 104.

By utilizing the SI request failure information, serving
node 104 may know how to adjust the SI request mechanism
between the MSG1-based approach and the MSG3-based
approach. For example, if UE 102 reports failure of an
MSG3-based SI request procedure in a cell or a certain area,
serving node 104 may consider adopting the MSG1-based SI
request for the UEs in idle/inactive state to avoid an RA
collision by using the dedicated RA resource(s) for SI
request. Alternatively, serving node 104 may continue to
adopt the MSG3-based SI request procedure when UE 102
reports the failure of the MSG3-based SI request procedure.

In one implementation, UE 102 may store the information
related to the SI request failure when UE 102 considers the
cell as barred and performs a cell reselection procedure. UE
102 may not store the information related to the SI request
failure when UE 102 considers that the required SIB(s) or SI
message(s) are not available.

When the SI request procedure for a UE that is in a
connected state is failed (e.g., UE 102 does not receive the
required SIB(s) or SI message(s) via dedicated signaling, or
UE 102 receives the SI request rejection information), UE
102 may store the information of the SI request failure. In
one implementation, when the SI request procedure is
unsuccessful, UE 102 may perform re-establishment to
another qualified cell, or UE 102 may switch to an idle state
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and then perform a cell reselection procedure by considering
the cell as barred. The information of the SI request failure
may include at least one of the following: the required
SIB(s), the required SI message(s), the cell ID (of the cell in
which the UE preforms SI procedure but failed), and the
timestamp of the SI request procedure. UE 102 may report
such failure information to the NW when switching to a
connected state later. UE 102 may mandatorily report the
information of the SI request failure, according to the
configuration, or upon receiving an NW request. The content
of the SI request failure information may be predefined, may
be based on the required information indicated in the
received SI request failure information message, or may be
based on the configuration.

Similarly, UE 102 may store the SI request failure infor-
mation when UE 102 is in a connected state if the SI request
is unsuccessful (where SI request procedure may be an
MSG1-based SI approach or an MSG3-based SI approach).
The SI request failure information may include at least one
of the following: the on-demand SIB(s) requested by UE
102, the on-demand ST message(s) requested by UE 102, the
cell ID (of the cell which UE 102 preforms SI procedure but
failed), SSB Index(s) (Synchronization Signal Block
Index(s)) to perform the on-demand SI request procedure,
the message type of the unsuccessful SI request procedure
(e.g., MSGl-based or MSG3-based), and the timestamp
(e.g., when to perform the SI request procedure). The UE
may mandatorily report the SI request failure information,
according to the configuration, or by an NW request (e.g.,
requested by serving node 104). The content in the SI
request failure information may be predefined, may be based
on the required information indicated in the received SI
Request Failure Information message, or may be based on
the configuration.

It may be beneficial for the NW to know the information
related to SI request failure. For example, the NW may
determine which cell, SIB(s)/SI message(s), or the related
dedicated preamble may have problems. As a result, the NW
is likely to overcome the problem afterwards, or the NW
may consider adopting another mechanism for serving the SI
request.

In the DC mode, a UE may inform the cause of a
Secondary Node (SN) SI request failure, or the information
related to the SI request failure, to a Master Node (MN)
when the on-demand SI request for the SIB(s) of the SN is
rejected or failed. After MN receives the cause of the SI
request failure or the information related to the SI request
failure, the MN may try to resolve the SN’s SI request
rejection/failure problem. For example, the MN may release
the SN or change the SN to a new SN for the UE.

CASE 4: Harmonization of the SI Request Messages in
Idle, Inactive, and Connected States:

For an MSG3-bsed SI request procedure, the MSG3 may
include an SI request message (which may be an RRC
message) containing no UE ID. In an idle state, there may be
no security key and/or security algorithm configured to the
UE yet. Therefore, the SI request message transmitted in an
idle state may be transmitted on Signaling Radio Bearer 0
(SRBO). Neither integrity protection, nor ciphering, apply to
the SRBO in some embodiments. In one implementation, the
SI request message (which is an RRC message) may be the
same for idle, inactive, and connected states, resulting in an
RRC message harmonization. The SI request message may
be transmitted on the SRBO without integrity protection and
ciphering, even if the UE is in a connected state, or in an
inactive state, where integrity protection and ciphering may
have been already applied.
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In one implementation, the SI request message (which is
an RRC message) that includes no UE ID may be the same
for idle, inactive, and connected states. The UE may transmit
the SI request message on the SRBO when the UE is in an
idle or an inactive state. The UE may transmit the SI request
message on Signaling Radio Bearer 1 (SRB1) when the UE
is in a connected state. Both integrity protection and cipher-
ing may apply to the SRB1.

In one implementation, the SI Request message (which is
an RRC message) may be the same for idle, inactive, and
connected states. The UE may transmit the SI request
message on the SRBO when the UE is in an idle state. The
UE may transmit the SI request message on the SRB1 when
the UE is in an inactive or a connected state. Both integrity
protection and ciphering may apply to the SRBI. In an
inactive State, the UE may still have the UE context and the
NW’s configuration for integrity protection and ciphering.

In one implementation, whether the SI request message is
transmitted on the SRBO or the SRB1 for a UE in an inactive
state may be determined based on the UE’s implementation,
the NW’s preconfiguration, and/or whether the UE context
for integrity protection and ciphering is stored/valid or not.

It may be beneficial to keep the commonality of the SI
Request message with respect to the UEs in different states,
which may lead to simplification of the overall system
design in some of the present embodiments.

CASE 5: The Structure of an SI Request Message:

In one implementation, the SI request message in the
MSG3 (e.g., in an MSG3-based SI request procedure) may
be the same for idle, inactive, and connected states. Different
minimum granularity of the requested SI (e.g., SIB-based or
SI message-based) may be considered in connection with the
Sl request message. For example, it may be beneficial for the
SI request message to use SI message-based granularity
(e.g., the UE indicates which SI message(s) is requested) in
the MSG3-based SI request procedure, since there is a
one-bit indicator in the NR SIB1 to show whether the
corresponding SI message is currently broadcasted or not,
and the number of SI messages may be much less than the
number of SIBs. However, the SI message-based granularity
may not provide sufficient information to the NW in regards
to which SIB(s) needs to be broadcasted and/or whether the
mapping of the SIB(s) and the SI message(s), and the
associated periodicity may need to be re-arranged based on
the UE’s requirements. The UE in connected state may
receive the required SI via dedicated signaling. Therefore, in
one implementation, the SIB-based granularity may be used,
e.g., by the UE indicating which SIB(s) is requested.

Different implementations regarding the different SIB-
based granularities will be discussed next:

CASE 5-1:

In the ST Request message, there may be a choice struc-
ture in which the UE may choose to use the SI message-
based granularity or the SIB-based granularity. The UE may
consider the signaling overhead to select which granularity
to use. In one implementation, the UE may use a first bitmap
to indicate which SI message(s) is requested and a second
bitmap to indicate which SIB(s) is requested. In one imple-
mentation, there may be a common bitmap for the UE to
indicate which SI message(s) is requested or which SIB
ID(s) is requested.

CASE 5-2:

In the ST Request message, there may be a choice struc-
ture in which the UE may choose to use the SI message-
based granularity or the SIB-based granularity. The UE may
select one of the two types of granularity based on the NW
configuration. The NW configuration may be delivered to
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the UE via dedicated signaling or via broadcasting. In one
implementation, the UE may use a first bitmap to indicate
which SI message(s) is requested and a second bitmap to
indicate which SIB(s) is requested. In one implementation,
there may be a common bitmap for the UE to indicate which
SI message(s) is requested or which SIB ID(s) is requested.

CASE 5-3:

In the SI Request message, in some of the present
embodiments, the UE may request one or more SI messages
together with one or more SIBs. For example, both SI
message-based granularity and SIB-based granularity may
be potentially used in the SI Request message. Specifically,
a UE may send an SI Request message that only uses the SI
message-based granularity, only uses the SIB-based granu-
larity, or uses both SI message-based granularity and SIB-
based granularity. The UE may use a first bitmap to indicate
which SI message(s) is requested and a second bitmap to
indicate which SIB(s) is requested. In one implementation,
there may be a common bitmap for the UE to indicate which
SI message(s) is requested or which SIB ID(s) is requested.

CASE 5-4:

In some of the present embodiments, the UE may use a
two-level bitmap for the SI request messages. In some of
such embodiments, the first level bitmap may be used for the
Sl-based granularity, which may be mandatorily appended
in the SI request message. The second level bitmap may be
used for the SIB-based granularity, which may be optionally
appended in the SI request message if the corresponding SI
bit is set to “1” in the first level bitmap. As an example, in
which there are 5 SI messages, and the SI message#3
includes SIB#7, SIB#8, SIB#9 and SIB#10, when the UE
wants to request SIB#9, the first level bitmap of the UE’s SI
request message may be “0100” (which indicates SI mes-
sage#f3), and the UE may further optionally append the
second level bitmap “0100” (which indicates the third SIB
in the SI message#3). Consequently, a gNB may provide
SIB#9 specifically in response to such an SI request mes-
sage. In one implementation, if the second bitmap does not
appear, the gNB may provide the complete SI message#3.

CASE 6: On-Demand SI Request Procedure in an NR-NR
DC Scenario:

A UE in an NR-NR Dual Connectivity (DC) mode may
request one or more required SIBs or one or more SI
messages for certain purpose(s) or certain service(s). Several
implementations are described below regarding how the UE
may request and receive the required SIB(s) from a second-
ary node (SN) or the serving cells in a secondary cell group
(SCQ).

CASE 6-1:

When a UE is in an NR-NR DC mode and one or more
SIBs or one or more SI messages are required, the UE may
be only allowed to send the SIrequest message to the master
node (MN) in some of the present embodiments.

FIG. 2 is a sequence diagram illustrating an example of an
on-demand SI request being transmitted to an MN in the DC
mode, according to an exemplary implementation of the
present application. As shown in diagram 200, in action 210,
UE 102 may transmit an SI request message to MN 106
when UE 102 requires on-demand system information of a
cell belonging to MN 106 or a cell belonging to SN 108. In
action 212, MN 106 may inform SN 108 to provide the
required SIB(s) or SI message(s) to UE 102 based on the SI
request message. For example, MN 106 may use a signaling
message between two base stations (e.g., X2-AP message or
Xn-AP message) with fields indicating the requested SIB(s)
or SI message(s). When SN 108 receives the SI request from
MN 106, SN 108 may transmit the required SIB(s) or SI
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message(s) to UE 102 by initiating serving cell release and
addition action in the same RRC reconfiguration message to
update the SIB(s) or ST message(s) for certain, or all, serving
cell(s). As shown in diagram 200, this RRC reconfiguration
may be transmitted via MN 106 or transmitted via Signaling
Radio Bearer 3 (SRB3), if configured.

When the UE requires on-demand system information of
a cell belonging to MN 106, if the requested SI message or
SIB is not broadcasted, in action 214, MN 106 may transmit
the required SIto UE 102. When the UE requires on-demand
system information of a cell belonging to SN 108, if the
requested SI message or SIB is not provided before, in
action 216, SN 108 may transmit RRC Reconfiguration with
the required SI to UE 102 (e.g., via the SRB3). In one
implementation, SN 108 may transmit RRC Reconfiguration
with required SI (e.g., action 216) only when SN 108
receives the SI Request Notification from MN 106 (e.g.,
action 212).

In one implementation, SN 108 may directly transmit the
modified SIB(s) or SI messages(s) to UE 102 without taking
cell release and addition action, when MN 106 sends the SI
Request Notification to SN 108. SN 108 may transmit the
modified SIB(s) or SI messages(s) directly to UE 102 only
when receiving the SI Request Notification from MN 106.

In one implementation, UE 102 is only allowed to send
the SI request message to MN 106. The UE may indicate in
the SI request message that the SI Request is for the SIB(s)
or the SI message(s) on MN 106 or SN 108. If the ST Request
message is marked for MN 106, MN 106 may be responsible
for this SI Request message. On the other hand, if the SI
Request message is marked for SN 108, MN 106 may
forward this message to SN 108 and SN 108 may be
responsible for this SI Request message. It should be noted
that UE 102 may follow the minimum SI’s indication (e.g.,
SI transmission period) of MN 106 or SN 108 to receive the
SI while the SI request message is marked to MN 106 or SN
108, respectively. In another implementation, UE 102 may
not mark the SI request toward MN 106 or SN 108, and MN
106 may provide all (MN 106 and SN 108) relative SI to UE
102 in a unicast approach.

If some or all of the serving cells in the SCG do not
provide the requested SIB(s) or SI message(s), SN 108 may
inform MN 106 that the SCG, or some serving cells in the
SCG, does not provide the requested SIB(s) or SI
message(s). MN 106 may decide whether to perform the
SCG change action or release SN 108 for UE 102.

CASE 6-2:

When a UE in the NR-NR DC mode and one or more SIBs
or SI messages are required, the UE may send the SI request
message to the MN and/or the SN when required.

FIG. 3 is a sequence diagram illustrating an example of
the on-demand SI request being transmitted to an SN in the
DC mode, according to an exemplary implementation of the
present application. As shown in diagram 300, in action 310,
UE 102 may transmit the SI request message to SN 108 (e.g.,
via SRB3, if configured). In action 312, SN 108 may
transmit RRC Reconfiguration with the required SI to UE
102 via SRB3. If SRB3 is not configured, UE 102 may
transmit the SI request message to MN 106 and let MN 106
forward the SI request message to SN 108.

When some or all of the serving cells in the SCG cannot
provide the required SIB(s) or SI message(s), SN 108 may
inform MN 106 that the SCG, or some serving cells in the
SCG, does not provide the requested SIB(s) or SI
message(s). MN 106 may decide whether to perform the
SCG change action or release SN 108 for UE 102.
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FIG. 4 is a sequence diagram illustrating an example of
the UE determining the failure of an SI request in the DC
mode, according to an exemplary implementation of the
present application. As shown in diagram 400, in action 410,
UE 102 sends an SI request message to SN 108. In action
412, UE 102 determines the failure of the SI request, e.g.,
when the number of times UE 102 transmits the random
access preamble reaches a threshold. After determining the
on-demand SI request procedure is unsuccessful, UE 102
may store the SI request failure information related to SN
108. In action 414, UE 102 may transmit the SN SI request
failure information to MN 106.

FIG. 5 is a sequence diagram illustrating an example of
the UE receiving SI request rejection information in the DC
mode, according to an exemplary implementation of the
present application. As shown in diagram 500, in action 510,
UE 102 sends an SI request message to SN 108. In action
512, UE 102 receives the SI request rejection information
from SN 108. After determining the on-demand SI request
procedure is unsuccessful, UE 102 may store the SI request
failure information related to SN 108. In action 514, UE 102
may send the SN SI request failure information to MN 106.

If UE 102 determines that the SI request procedure on SN
108 has failed (e.g., action 412 in diagram 400 or action 512
in diagram 500), UE 102 may inform MN 106 of the cause
of SN SI request failure or the information related to SN SI
request failure (e.g., by sending an SN SI Request Failure
Information when the on-demand SI request for the SIB(s)
of SN 108 is rejected or failed, e.g., in action 414 of diagram
400, or action 514 of diagram 500). The information of the
SI request failure may include at least one of the following:
the required SIB(s), the required SI message(s), the cell ID
(of the cell which the UE preforms SI procedure but failed),
SSB Index(s) (Synchronization Signal Block Index(s)) to
perform SI request, the failed SI request procedure type
(e.g., MSG1-based or MSG3-based), or the timestamp (e.g.,
when to perform the SI request procedure). After MN 106
receives the cause of the SI request failure or the information
related to the SI request failure, MN 106 may resolve the SN
SI request rejection/failure problem. For example, MN 106
may release SN 108 or change SN 108 to a new SN for UE
102.

CASE 7: An RA Problem Caused by the MSG1-Based/
MSG3-Based SI Request Procedure:

A UE in connected state may be allowed to apply an
MSG1-based SI request procedure and/or an MSG3-based
SI request procedure. In one implementation, if the RA
problem is caused by the MSG1-based or the MSG3-bsed SI
request procedures, the UE’s operation in connected state is
not affected if the requested SI message(s) or SIB(s) is not
essential for the UE to perform the targeting services.

In one implementation, the UE may still be fine even if the
requested SIB(s) or SI message(s) is not received from the
serving node (e.g., in a single connectivity mode) or the MN
(e.g., in dual connectivity mode) (e.g., the requested SIB or
SI message may not be essential). In this scenario, the UE
may not consider the RA problem as a normal radio link
failure, and the UE may not perform a re-establishment
procedure, or enter into an idle state.

In one implementation, the UE may still be fine even if the
requested SIB(s) or SI message(s) is not received from the
SN (e.g., in a dual connectivity mode). In this scenario, the
UE may not consider the RA problem as a normal radio link
failure, and the UE may report the SI failure information to
the MN. For example, when the RA problem is reported and
the upper layer (e.g., the RRC layer) knows that the problem
is caused by an SI request, the UE may initiate a transmis-
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sion of the SI failure information report to the MN. In this
implementation, the UE may not suspend all of the SCG data
radio bearers (DRBs) or SCG transmission for the split
DRBs or the duplication DRBs. Also, the UE may not reset
the MAC entity associated with the SCG (or SN).

In one implementation, the UE may still be fine even if the
requested SIB(s) or SI message(s) is not received from the
SN (e.g., in a dual connectivity mode). In this scenario, the
UE may not consider the RA problem as a normal radio link
failure, and the UE may not report the SI failure information
to the MN. For example, when the RA problem is reported
and the upper layer (e.g., RRC layer) knows that the problem
is caused by an SI request, the UE may not initiate a
transmission of the SI failure Information report to the MN.
In this implementation, the UE may not suspend all of the
SCG DRBs or SCG transmission for the split DRBs or the
duplication DRBs. Also, the UE may not reset the MAC
entity associated with the SCG (or SN). When the upper
layer (e.g., the RRC layer) receives the RA problem caused
by the SI request from the lower layer (e.g., the MAC layer),
it may also inform the NAS layer (or the application layer)
so that the NAS layer (or the application layer) does not
trigger the SI request procedure for one or more required
SIBS on the same cell, or not trigger the SI request proce-
dure for a while (which may follow the NW configuration or
a predefined period). How to handle the SI request failure
condition may depend on the UE’s implementation, if the
NAS layer (or the application layer) is informed about the SI
request failure.

In one implementation, whether the SN initiates the
transmission of the SI failure information report to the MN
may depend on the NW configuration.

FIG. 6 is a flowchart for a method of wireless commu-
nications performed by a UE, according to an example
implementation of the present application. In FIG. 6, the
process/method 600 includes actions 602, 604, 606, and 610.

In action 602, the UE may perform an on-demand system
information request procedure in a cell. The UE may be in
idle, inactive, or connected state. In addition, the UE may be
in a single connectivity mode or a dual connectivity mode.

In action 604, the UE may determine whether the on-
demand SI request procedure is successful. In one imple-
mentation, the on-demand SI request procedure is consid-
ered unsuccessful when the number of times the UE
transmits a random access preamble reaches a threshold,
and/or the UE receives the SI request rejection information.
If the process 600 determines, in action 604, that the SI
request procedure is unsuccessful, the UE may proceed to
action 606. On the other hand, if the request procedure is
successful, the process 600 may end.

In action 606, the UE may perform an error handling
procedure corresponding to the on-demand SI request pro-
cedure. There may be several implementations regarding the
error handling procedure in different implementations. In
one implementation, the error handling procedure may
include action 610, in which the UE may store the SI request
failure information. For example, the SI request failure
information may include one or more parameters used in the
on-demand SI request procedure. In one implementation, the
error handling procedure may further include at least one of
following: a prohibit timer activation, a cell re-selection
procedure, and a re-establishment procedure.

FIG. 7 illustrates a block diagram of a node for wireless
communication, in accordance with various aspects of the
present application. As shown in FIG. 7, node 700 may
include transceiver 720, processor 726, memory 728, one or
more presentation components 734, and at least one antenna
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736. Node 700 may also include a Radio Frequency (RF)
spectrum band module, a base station communications mod-
ule, a network communications module, and a system com-
munications management module, input/output (I/O) ports,
1/O components, and power supply (not explicitly shown in
FIG. 7). Each of these components may be in communica-
tion with each other, directly or indirectly, over one or more
buses 740.

Transceiver 720 having transmitter 722 and receiver 724
may be configured to transmit and/or receive time and/or
frequency resource partitioning information. In some imple-
mentations, transceiver 720 may be configured to transmit in
different types of subframes and slots including, but not
limited to, usable, non-usable and flexibly usable subframes
and slot formats. Transceiver 720 may be configured to
receive data and control channels.

Node 700 may include a variety of computer-readable
media. Computer-readable media can be any available
media that can be accessed by node 700 and include both
volatile and non-volatile media, removable and non-remov-
able media. By way of example, and not limitation, com-
puter-readable media may comprise computer storage media
and communication media. Computer storage media
includes both volatile and non-volatile, removable and non-
removable media implemented in any method or technology
for storage of information such as computer-readable
instructions, data structures, program modules or other data.

Computer storage media includes RAM, ROM,
EEPROM, flash memory or other memory technology, CD-
ROM, digital versatile disks (DVD) or other optical disk
storage, magnetic cassettes, magnetic tape, magnetic disk
storage or other magnetic storage devices. Computer storage
media does not comprise a propagated data signal. Commu-
nication media typically embodies computer-readable
instructions, data structures, program modules or other data
in a modulated data signal such as a carrier wave or other
transport mechanism and includes any information delivery
media. The term “modulated data signal” means a signal that
has one or more of its characteristics set or changed in such
a manner as to encode information in the signal. By way of
example, and not limitation, communication media includes
wired media such as a wired network or direct-wired con-
nection, and wireless media such as acoustic, RF, infrared
and other wireless media. Combinations of any of the above
should also be included within the scope of computer-
readable media.

Memory 728 may include computer-storage media in the
form of volatile and/or non-volatile memory. Memory 728
may be removable, non-removable, or a combination thereof
Exemplary memory includes solid-state memory, hard
drives, optical-disc drives, and etc. As illustrated in FIG. 7,
memory 728 may store computer-readable, computer-ex-
ecutable instructions 732 (e.g., software codes) that are
configured to, when executed, cause processor 726 to per-
form various functions described herein, for example, with
reference to FIGS. 1 through 6. Alternatively, instructions
732 may not be directly executable by processor 726 but be
configured to cause node 700 (e.g., when compiled and
executed) to perform various functions described herein.

Processor 726 may include an intelligent hardware
device, e.g., a central processing unit (CPU), a microcon-
troller, an ASIC, and etc. Processor 726 may include
memory. Processor 726 may process data 730 and instruc-
tions 732 received from memory 728, and information
through transceiver 720, the base band communications
module, and/or the network communications module. Pro-
cessor 726 may also process information to be sent to

Ex.1002
APPLE INC. / Page 65 of 404



Case: 122-cv- 02176 Document $# 4 BiBde QAETIRIRRers i ARIFRaiiDHRs

US 10,791,502 B2

17

transceiver 720 for transmission through antenna 736, to the
network communications module for transmission to a core
network.

One or more presentation components 734 presents data
indications to a person or other device. Exemplary one or
more presentation components 734 include a display device,
speaker, printing component, vibrating component, and etc.

From the above description, it is manifest that various
techniques can be used for implementing the concepts
described in the present application without departing from
the scope of those concepts. Moreover, while the concepts
have been described with specific reference to certain imple-
mentations, a person of ordinary skill in the art may recog-
nize that changes can be made in form and detail without
departing from the scope of those concepts. As such, the
described implementations are to be considered in all
respects as illustrative and not restrictive. It should also be
understood that the present application is not limited to the
particular implementations described above, but many rear-
rangements, modifications, and substitutions are possible
without departing from the scope of the present disclosure.

What is claimed is:

1. A method of an on-demand system information (SI)
request procedure performed by a user equipment (UE), the
method comprising:

transmitting a first SI request message to a base station

(BS) after determining that the UE is in a connected
state, the first SI request message including at least one
requested system information block (SIB);

activating a prohibit timer; and

transmitting a second SI request message to the BS only

when the at least one requested SIB is not received and
the prohibit timer expires.

2. The method of claim 1, wherein the on-demand SI
request procedure is unsuccessful when one of the following
conditions is met:

a number of times the UE transmits a random access

preamble reaches a threshold; and

the UE receives SI request rejection information.

3. The method of claim 1, wherein when the UE is in a
dual connectivity mode, the method further comprises:

transmitting a third SI request message to a master node

when the UE requires on-demand system information
of a cell belonging to a secondary node.

4. The method of claim 1, wherein the first SI request
message is transmitted on signaling radio bearer 1 (SRB1).

5. The method of claim 1, further comprising:

receiving, from the BS, the at least one requested SIB via

dedicated signaling that is transmitted in response to
the first SI request message.

6. The method of claim 1, further comprising:

transmitting a fourth SI request message to the BS after

determining that the UE is not in the connected state,
the fourth SI request message including at least one
requested SI message.

7. The method of claim 6, wherein the fourth SI request
message is transmitted on signaling radio bearer 0 (SRBO).

8. The method of claim 1, further comprising:

storing SI request failure information after determining

that the on-demand SI request procedure is unsuccess-
ful.

9. The method of claim 8, wherein the SI request failure
information comprises at least one of the following:

the at least one requested SIB;

the at least one requested SI message;

a cell identifier (ID) associated with the BS;
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a synchronization signal block (SSB) index for perform-

ing the on-demand SI request procedure;

a message type of the on-demand SI request procedure;

and

a timestamp for performing the on-demand SI request

procedure.

10. The method of claim 8, further comprising:

transmitting the SI request failure information;

wherein the SI request failure information is transmitted

to a master node when the UE is in a dual connectivity
mode.

11. A user equipment (UE), comprising:

one or more non-transitory computer-readable media hav-

ing computer-executable instructions embodied
thereon; and
at least one processor coupled to the one or more non-
transitory computer-readable media, and configured to
execute the computer-executable instructions to per-
form operations for an on-demand system information
(SI) request procedure, the operations comprising:

transmitting a first SI request message to a base station
(BS) after determining that the UE is in a connected
state, the first SI request message including at least one
requested system information block (SIB);

activating a prohibit timer; and

transmitting a second SI request message to the BS only

when the at least one requested SIB is not received and
the prohibit timer expires.

12. The UE of claim 11, wherein the on-demand SI
request procedure is unsuccessful when one of the following
conditions is met:

a number of times the UE transmits a random access

preamble reaches a threshold; and

the UE receives SI request rejection information.

13. The UE of claim 11, wherein when the UE is in a dual
connectivity mode, the operations further comprise:

transmitting a third SI request message to a master node

when the UE requires on-demand system information
of a cell belonging to a secondary node.

14. The UE of claim 11, wherein the first SI request
message is transmitted on signaling radio bearer 1 (SRB1).

15. The UE of claim 11, wherein the operations further
comprise:

receiving, from the BS, the at least one requested SIB via

dedicated signaling that is transmitted in response to
the first SI request message.

16. The UE of claim 11, wherein the operations further
comprise:

transmitting a fourth SI request message to the BS after

determining that the UE is not in the connected state,
the fourth SI request message including at least one
requested SI message.

17. The UE of claim 16, wherein the fourth SI request
message is transmitted on signaling radio bearer 0 (SRBO).

18. The UE of claim 11, wherein the operations further
comprise:

storing SI request failure information after determining

that the on-demand SI request procedure is unsuccess-
ful.

19. The UE of claim 18, wherein the SI request failure
information comprises at least one of the following:

the at least one requested SIB;

the at least one requested SI message;

a cell identifier (ID) associated with the BS;

a synchronization signal block (SSB) index for perform-

ing the on-demand SI request procedure;
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a message type of the on-demand SI request procedure;
and

a timestamp for performing the on-demand SI request
procedure.

20. The UE of claim 18, wherein the operations further 5

comprise:

transmitting the SI request failure information;

wherein the SI request failure information is transmitted
to a master node when the UE is in a dual connectivity
mode. 10
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1
METHODS AND APPARATUSES FOR
OPERATING MULTIPLE ANTENNA PANELS

CROSS-REFERENCE TO RELATED
APPLICATION(S)

The present application claims the benefit of and priority
to a provisional U.S. Patent Application Ser. No. 62/699,465
filed on Jul. 17, 2018, entitled “Method and Apparatus for
leading time of beam switching for multi-panel transmis-
sion,”.

FIELD

The present disclosure generally relates to wireless com-
munications, and more particularly, to methods and appara-
tuses for operating multiple antenna panels.

BACKGROUND

Various efforts have been made to improve different
aspects of wireless communications (e.g., data rate, latency,
reliability, mobility, etc.) for the next generation (e.g., 5G
New Radio (NR)) wireless communication systems. Multi
Input Multi Output (MIMO) is one of the key features in the
next generation wireless communication systems. With the
MIMO technology, a number of antenna panels at the
transceiver/receiver can bring extra degrees of freedom to
increase the data throughput, beamforming gain and cover-
age.

However, due to the lack of proper signaling mechanisms,
the network may not know the current antenna panel status
(e.g., how many and/or which of the antenna panels of the
user device is turned on/off) at the UE side, resulting in a
reduced scheduling performance.

Hence, there is a need in the art for an improved signaling
mechanism for operating multiple antenna panels.

SUMMARY

The present disclosure is directed to methods and appa-
ratuses for operating multiple antenna panels.

According to an aspect of the present disclosure, a wire-
less communication device is provided. The wireless com-
munication device includes a plurality of antenna panels and
a processor coupled to the antenna panels. The processor is
configured to maintain a plurality of leading time values.
The plurality of leading time values may indicate a plurality
of leading time durations. The processor is further config-
ured to receive an indicator for antenna panel status infor-
mation from a base station (BS), and apply one of the
plurality of leading time values to switch an antenna panel
status of the plurality of antenna panels based on the
indicator for antenna panel status information.

According to another aspect of the present disclosure, a
method for operating a plurality of antenna panels is pro-
vided. The method includes maintaining, by a wireless
communication device, a plurality of leading time values.
The plurality of leading time values indicates a plurality of
leading time durations. The method further includes receiv-
ing, by the wireless communication device, an indicator for
antenna panel status information from a BS, and applying,
by the wireless communication device, one of the plurality
of leading time values to switch an antenna panel status of
the plurality of antenna panels based on the indicator for
antenna panel status information.
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BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the
accompanying figures. Various features are not drawn to
scale. Dimensions of various features may be arbitrarily
increased or reduced for clarity of discussion.

FIG. 1 is a schematic diagram illustrating a wireless
communication device including a number of antenna pan-
els, in accordance with example implementations of the
present disclosure.

FIG. 2 is a schematic diagram illustrating a timeline of an
antenna panel status of a wireless communication device, in
accordance with example implementations of the present
disclosure.

FIG. 3 is a schematic diagram illustrating a timeline of an
antenna panel status of a wireless communication device, in
accordance with example implementations of the present
disclosure.

FIG. 4 is a schematic diagram illustrating a timeline of an
antenna panel status of a wireless communication device, in
accordance with example implementations of the present
disclosure.

FIG. 5 is an example data structure indicating user equip-
ment (UE) capability information, in accordance with
example implementations of the present disclosure.

FIG. 6 is an example data structure indicating a configu-
ration of a timer for antenna panel status, in accordance with
example implementations of the present disclosure.

FIG. 7 is a flowchart for a method of selecting a sched-
uling offset value based on a Transmission Configuration
Indicator (TCI) state indicated by a BS, in accordance with
example implementations of the present disclosure.

FIG. 8 is an example data structure indicating TCI state
configuration, in accordance with example implementations
of the present disclosure.

FIG. 9 is an example data structure of an indicator for
antenna panel status, in accordance with example imple-
mentations of the present disclosure.

FIGS. 10A and 10B are schematic diagrams illustrating
timelines of an antenna panel status of a wireless commu-
nication device, in accordance with example implementa-
tions of the present disclosure.

FIGS. 11A and 11B are schematic diagrams illustrating
timelines of an antenna panel status of a wireless commu-
nication device, in accordance with example implementa-
tions of the present disclosure.

FIG. 12 is a flowchart for a method of selecting an offset
value for receiving an aperiodic Channel State Information
Reference Signal (CSI-RS), in accordance with example
implementations of the present disclosure.

FIG. 13 is an example data structure indicating an ape-
riodic CSI RS reception configuration, in accordance with
example implementations of the present disclosure.

FIG. 14 is an example of a Media Access Control (MAC)-
Control Element (CE) message, in accordance with example
implementations of the present disclosure.

FIG. 15 is a schematic diagram illustrating that different
triggering offset values are applied for the changes in an
antenna panel status of a wireless communication device, in
accordance with example implementations of the present
disclosure.

FIGS. 16A and 16B are schematic diagrams illustrating
that different triggering offset values are applied for the
changes in an antenna panel status of a wireless communi-
cation device, in accordance with example implementations
of the present disclosure.
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FIG. 17 is a schematic diagram illustrating a timeline of
an antenna panel status of a wireless communication device,
in accordance with example implementations of the present
disclosure.

FIG. 18 is flowchart for a method for determining an
antenna panel status of a wireless communication device
based on a Discontinuous Reception (DRX) operation, in
accordance with example implementations of the present
disclosure.

FIG. 19 is an example data structure indicating a Radio
Resource Control (RRC) configuration for a UE, in accor-
dance with example implementations of the present disclo-
sure.

FIG. 20 is a schematic diagram illustrating a timeline of
an antenna panel status of a wireless communication device
and a timing diagram of a DRX cycle, in accordance with
example implementations of the present disclosure.

FIG. 21 is an example data structure indicating an RRC
configuration for a UE, in accordance with example imple-
mentations of the present disclosure.

FIG. 22 is a schematic diagram illustrating a timeline of
an antenna panel status of a wireless communication device
and a timing diagram of a DRX cycle, in accordance with
example implementations of the present disclosure.

FIG. 23 is a flowchart for a method of operating multiple
antenna panels, in accordance with example implementa-
tions of the present disclosure.

FIG. 24 is a block diagram illustrating a node for wireless
communication, in accordance with various aspects of the
present disclosure.

DETAILED DESCRIPTION

The following description contains specific information
pertaining to example implementations in the present dis-
closure. The drawings in the present disclosure and their
accompanying detailed description are directed to merely
example implementations. However, the present disclosure
is not limited to merely these example implementations.
Other variations and implementations of the present disclo-
sure will occur to those skilled in the art. Unless noted
otherwise, like or corresponding elements among the figures
may be indicated by like or corresponding reference numer-
als. Moreover, the drawings and illustrations in the present
disclosure are generally not to scale and are not intended to
correspond to actual relative dimensions.

For the purpose of consistency and ease of understanding,
like features are identified (although, in some examples, not
shown) by numerals in the example figures. However, the
features in different implementations may be differed in
other respects, and thus shall not be narrowly confined to
what is shown in the figures.

The description uses the phrases “in one implementation,”
or “in some implementations,” which may each refer to one
or more of the same or different implementations. The term
“coupled” is defined as connected, whether directly or
indirectly through intervening components, and is not nec-
essarily limited to physical connections. The term “compris-
ing,” when utilized, means “including, but not necessarily
limited to”; it specifically indicates open-ended inclusion or
membership in the so-described combination, group, series
and the equivalent. The expression “at least one of A, B and
C” or “at least one of the following: A, B and C” means
“only A, or only B, or only C, or any combination of A, B
and C.”

Additionally, for the purposes of explanation and non-
limitation, specific details, such as functional entities, tech-
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niques, protocols, standard, and the like are set forth for
providing an understanding of the described technology. In
other examples, detailed description of well-known meth-
ods, technologies, system, architectures, and the like are
omitted so as not to obscure the description with unneces-
sary details.

Persons skilled in the art will immediately recognize that
any network function(s) or algorithm(s) described in the
present disclosure may be implemented by hardware, soft-
ware or a combination of software and hardware. Described
functions may correspond to modules may be software,
hardware, firmware, or any combination thereof. The soft-
ware implementation may comprise computer executable
instructions stored on computer readable medium such as
memory or other type of storage devices. For example, one
or more microprocessors or general-purpose computers with
communication processing capability may be programmed
with corresponding executable instructions and carry out the
described network function(s) or algorithm(s). The micro-
processors or general-purpose computers may be formed of
applications specific integrated circuitry (ASIC), program-
mable logic arrays, and/or using one or more digital signal
processor (DSPs). Although some of the example imple-
mentations described in this specification are oriented to
software installed and executing on computer hardware,
nevertheless, alternative example implementations imple-
mented as firmware or as hardware or combination of
hardware and software are well within the scope of the
present disclosure.

The computer readable medium includes but is not limited
to random access memory (RAM), read only memory
(ROM), erasable programmable read-only memory
(EPROM), electrically erasable programmable read-only
memory (EEPROM), flash memory, compact disc read-only
memory (CD-ROM), magnetic cassettes, magnetic tape,
magnetic disk storage, or any other equivalent medium
capable of storing computer-readable instructions.

A radio communication network architecture (e.g., a long
term evolution (LTE) system, an LTE-Advanced (LTE-A)
system, an LTE-Advanced Pro system, or a 5G New Radio
(NR) Radio Access Network) typically includes at least one
BS, at least one UE, and one or more optional network
elements that provide connection towards a network. The
UE communicates with the network (e.g., a core network
(CN), an evolved packet core (EPC) network, an Evolved
Universal Terrestrial Radio Access network (E-UTRAN), a
5G Core (5GC), or an internet), through a radio access
network (RAN) established by one or more BSs.

It should be noted that, in the present application, a UE
may include, but is not limited to, a mobile station, a mobile
terminal or device, a user communication radio terminal. For
example, a UE may be a portable radio equipment, which
includes, but is not limited to, a mobile phone, a tablet, a
wearable device, a sensor, a vehicle, or a personal digital
assistant (PDA) with wireless communication capability.
The UE is configured to receive and transmit signals over an
air interface to one or more cells in a radio access network.

A BS may be configured to provide communication
services according to at least one of the following Radio
Access Technologies (RATs): Worldwide Interoperability
for Microwave Access (WiIMAX), Global System for
Mobile communications (GSM, often referred to as 2G),
GSM EDGE radio access Network (GERAN), General
Packet Radio Service (GRPS), Universal Mobile Telecom-
munication System (UMTS, often referred to as 3G) based
on basic Wideband-Code Division Multiple Access
(W-CDMA), High-Speed Packet Access (HSPA), LTE, LTE-

Ex.1002
APPLE INC. / Page 103 of 404



Case: L2278 Dooument 4 4B GARTENR Syt ABETHanpeiilneRg

US 10,972,972 B2

5

A, eLTE (evolved LTE, e.g., LTE connected to 5GC), New
Radio (NR, often referred to as 5G), and/or LTE-A Pro.
However, the scope of the present application should not be
limited to the above-mentioned protocols.

A BS may include, but is not limited to, a Node B (NB)
as in the UMTS, an evolved Node B (eNB) as in the LTE or
LTE-A, a Radio Network Controller (RNC) as in the UMTS,
a Base Station Controller (BSC) as in the GSM/GERAN, a
ng-eNB as in an E-UTRA BS in connection with the 5GC,
a next generation Node B (gNB) as in the 5G-RAN, and any
other apparatus capable of controlling radio communication
and managing radio resources within a cell. The BS may
connect to serve the one or more UEs through a radio
interface to the network.

The BS is operable to provide radio coverage to a specific
geographical area using a plurality of cells forming the radio
access network. The BS supports the operations of the cells.
Each cell is operable to provide services to at least one UE
within its radio coverage. More specifically, each cell (often
referred to as a serving cell) provides services to serve one
or more UEs within its radio coverage (e.g., each cell
schedules the downlink and optionally uplink resources to at
least one UE within its radio coverage for downlink and
optionally uplink packet transmissions). The BS can com-
municate with one or more UEs in the radio communication
system through the plurality of cells. A cell may allocate
Sidelink (SL) resources for supporting Proximity Service
(ProSe) or Vehicle to Everything (V2X) service. Each cell
may have overlapped coverage areas with other cells.

As discussed above, the frame structure for NR is to
support flexible configurations for accommodating various
next generation (e.g., 5G) communication requirements,
such as enhanced Mobile Broadband (eMBB), massive
Machine Type Communication (mMTC), Ultra-Reliable and
Low-Latency Communication (URLLC), while fulfilling
high reliability, high data rate and low latency requirements.
The orthogonal frequency-division multiplexing (OFDM)
technology as agreed in the 3’ Generation Partnership
Project (3GPP) may serve as a baseline for NR waveform.
The scalable OFDM numerology, such as the adaptive
sub-carrier spacing, the channel bandwidth, and the Cyclic
Prefix (CP) may also be used. Additionally, two coding
schemes are considered for NR: (1) Low-Density Parity-
Check (LDPC) code and (2) polar code. The coding scheme
adaption may be configured based on the channel conditions
and/or the service applications.

Moreover, it is also considered that in a transmission time
interval TX of a single NR frame, a Downlink (DL) trans-
mission data, a guard period, and an uplink (UL) transmis-
sion data should at least be included, where the respective
portions of the DL transmission data, the guard period, the
UL transmission data should also be configurable, for
example, based on the network dynamics of NR. In addition,
SL resource may also be provided in an NR frame to support
ProSe services or V2X services.

In addition, the terms “system” and “network’ herein may
be used interchangeably. The term “and/or” herein is only an
association relationship for describing associated objects
and represents that three relationships may exist. For
example, A and/or B may indicate that: A exists alone, A and
B exist at the same time, and B exists alone. In addition, the
character “/”” herein generally represents that the former and
latter associated objects are in an “or” relationship.

NR power saving is an issue which have been identified
in the 3GPP meetings. The objective of this issue is to
minimize the power consumption with an improved wake
up/go-to-sleep mechanism, and to reduce the power con-
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sumption during the network access phase when a UE
operates in the RRC_CONNECTED mode. In some power
saving schemes the focus is on minimizing the dominate
factors of power consumption during the network access
phase. Such dominate factors may include, for example, the
processing of an aggregated bandwidth, the active Radio
Frequency (RF) chain number, the active reception/trans-
mission time, and the dynamic transition to a power efficient
mode. In the majority cases of LTE scenarios, since little to
no data may be transmitted in a Transmission Time Interval
(TTI), a power saving scheme which is capable of dynami-
cally adapting different data arrivals in the RRC_CON-
NECTED mode may be needed. The dynamic adaptation to
the data traffic may be implemented in different dimensions,
such as carriers, antennas, beamforming mechanisms, and
bandwidths.

Furthermore, approaches to enhance the transition
between a normal power consumption mode and a power
saving mode may be needed to be considered. For example,
both the network-assisted and the UE-assisted approaches
may be considered for the UE’s power saving mechanism.

Issues related to the leading time for beam switching may
affect the power consumption. The leading time for beam
switching is, or may reflect, the minimum required time for
a UE to set up its antenna panel(s) for providing an indicated
RX/TX beam to receive or transmit data. For example, the
leading time for beam switching may be the time period
between the time the UE receives a command that leads to
a change(s) in the Rx beam/antenna panel status and the time
that the change(s) actually occurs. In some of the present
implementations, if a TCI state has not yet activated by a
MAC-CE, the indicated mapping (between the TCI states
and the codepoints of a Downlink Control Information
(DCY) field “Transmission Configuration Indicator”) should
be applied starting from a specific time point (e.g., slot n+3
ms+1), when a Hybrid Automatic Repeat Request Acknowl-
edgement (HARQ-ACK) (which is corresponding to a
Physical Downlink Shared Channel (PDSCH) which carries
the activation command) is transmitted in the slot n. In some
of such implementations, this specific time point may be
used as the starting time point of a leading time for beam
switching. In some of the present implementations, if the
TCI state has been activated by a MAC-CE, the leading time
for beam switching may have the same starting time point as
the scheduling offset. The scheduling offset, in some imple-
mentations, may be a time duration starting from the end of
the last symbol of a Physical Downlink Control Channel
(PDCCH) to the beginning of the first symbol of a PDSCH.

In addition, the beam switching delay may affect a UE’s
power consumption in the Frequency Range 2 (FR2). In
order for the UE to optimize the power consumption, the UE
may need to be given a sufficient leading time for beam
switching. For example, the leading time for beam switching
may be two milliseconds (ms) from the time a beam switch
command is received (e.g., for a control-channel-based way)
or acknowledged (e.g., for a MAC-CE based way) to the
time the beam switch is completed.

In some implementations of the present disclosure, there
may be at least three ms between two consecutive com-
mands indicating a beam switch. Such time value may be
adjusted if a longer time value is needed. In addition, from
the time the UE receives the beam switch command to the
time the UE switches its beam/antenna panel status, the UE
may still use the active Rx beam for data reception, and there
may be no interruption in the communication with the BS
(e.g., a gNB).
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FIG. 1 is a schematic diagram illustrating a wireless
communication device (e.g., a UE) including a number of
antenna panels, in accordance with example implementa-
tions of the present disclosure. As shown in FIG. 1, a
wireless communication device 100 includes four antenna
panels 102, 104, 106 and 108. The antenna panels described
herein may be referred to antenna arrays or antenna ports.
The antenna arrays may include a number of physical
antennas, while the antenna ports may not correspond to
physical antennas, but rather may be logical entities distin-
guished by their channel models.

The ON/OFF state of each antenna panel 102, 104, 106
and 108 may be switched by the wireless communication
device 100. Depending on the ON/OFF state of each antenna
panel 102, 104, 106 and 108, the antenna panels 102, 104,
106 and 108 may have different antenna panel status. For
example, the antenna panel status of the antenna panels 102,
104, 106 and 108 may be determined as a first antenna panel
status if only the antenna panel 102 is turned on and the other
antenna panels 104, 106 and 108 are turned off, and deter-
mined as a second antenna panel status if all of the antenna
panels 102, 104, 106 and 108 are turned on. It should be
noted that the wireless communication device 100 including
four antenna panels 102, 104, 106 and 108 in FIG. 1 is for
illustrative purposes only, and not intended to limit the scope
of the present invention. That is, a wireless communication
device (e.g., the wireless communication device 100) may
include a different number of antenna panels than 4 (e.g., 6
panels, 8 panels, etc.) in some of the present implementa-
tions. Furthermore, the antenna panel status of the antenna
panels of the wireless communication device may be defined
arbitrarily based on the ON/OFF states and/or the number of
the antenna panels.

In many cases, a BS (e.g., a gNB) may not know the
current antenna panel status of the UE, which causes some
issues since the BS always have to consider the worst case
for the UE to perform the beam switching. For example, the
BS may need to configure the UE with a leading time for
beam switching which is much longer than a leading time
the UE actually needs. As the leading time becomes longer,
the efficiency and flexibility of the UE’s operations may get
lower. Hence, a signaling mechanism that helps the BS to
obtain the antenna panel status of the UE may enhance the
power consumption.

Another issue is related to the scheduling offset values.
From Radio layer 1’s (RAN1’s) perspective, if a UE is
configured with a “tci-PresentInDCI” Information Element
(IE) set to “enabled” (for a Coreset Resource Set (CORE-
SET) that schedules a PDSCH), the UE may assume that the
TCI field is present in the DCI format 1_1 (which is
transmitted over the PDCCH of the CORESET). On the
other hand, if the tci-PresentInDCI IE is not configured for
the CORESET (or the tci-PresentInDCI IE is set to “dis-
abled”), or the PDSCH is scheduled by a DCI format 1_0
(e.g., for determining the PDSCH antenna port’s QCL), the
UE may assume that the TCI state applied for receiving the
PDSCH is identical to the TCI state applied for receiving the
PDCCH of the CORESET. In addition, if the tci-PresentIn-
DCI IE is set to “enabled” and the PDSCH is scheduled by
the DCI format 1_1, the UE may apply a TCI state which is
indicated by the DCI to determine the QCL of the antenna
port for the PDSCH. This is because the TCI state may
indicate the QCL type and the QCL Reference Signal (RS)
corresponding to the RX beam for receiving the PDSCH. If
the time offset between the reception of the DL DCI and the
corresponding PDSCH is equal to or greater than a sched-
uling offset value (e.g., a threshold called “Threshold-
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Sched-Offset”), the UE may assume that the antenna ports of
one Demodulation Reference Signal (DM-RS) port group of
a PDSCH of a serving cell may be QCLed with the RS(s)
that is associated with the QCL type parameter(s) given by
the indicated TCI state. For DL transmissions, the schedul-
ing offset may be referred as a time period starting from the
end of a PDCCH to the beginning of a PDSCH. For
example, the scheduling offset may be a time period that
starts from the first symbol after the end of the PDCCH to
the first symbol of the PDSCH scheduled by the PDCCH. In
some implementations of the present disclosure, the sched-
uling offset value may be determined based on the UE’s
capability.

However, for a scheduling offset value configured for a
UE that includes only one antenna panel (or a single-
antenna-panel UE), such value may not fulfill the leading
time for beam switching required by another UE that
includes multiple antenna panels (or a multiple-antenna-
panel UE). Thus, a mechanism that is able to deal with how
the UE determines which scheduling offset value (e.g.,
Threshold-Sched-Offset) to be applied may be needed.

Another issue is related to Sounding Reference Signal
(SRS) transmission. Specifically, for aperiodic SRS trans-
missions and aperiodic CSI-RS receptions, the UE may need
to follow the aperiodic slot triggering offset configured in the
SRS resource set configuration and the CSI-RS resource set
configuration, respectively. Considering that a longer lead-
ing time may be applied to the power saving operation in the
multiple-antenna-panel cases, the required triggering offset
configured for the single-antenna-panel cases and the mul-
tiple-antenna-panel cases may be different. Although a BS
can solve this issue by configuring multiple triggering offset
values for one resource set, it might cause overhead that
occupies some bitfields of a DCI trigger state for an SRS
request and/or a CSI request. Hence, a mechanism for
determining the triggering offset of the aperiodic SRS/CSI-
RS transmissions may be needed.

In addition, for SRS transmissions, a UE may be config-
ured to switch its antenna panel status for a sounding
procedure for a DL CSI acquisition. If the UE is configured
with a higher layer parameter such as “SRS-SetUseusage (or
SRS-usage)” in an SRS resource set (e.g., SRS-Resource-
Set), and the SRS-SetUseusage (or SRS-usage) is set as
“antennaSwitching,” the UE may be configured with one of
the following configurations depending on the UE’s capa-
bility: 1TX2RX, 2TX4RX, 1TX4RX, 1TX4RX/2TX4RX,
and TX=RX. The BS may configure the UEs having differ-
ent capabilities with different number of SRS resource sets
which contain different SRS resources. For example, for a
UE configured with the 1TX2RX configuration, the BS may
configure one SRS resource set which may contain two SRS
resources. Since the UE needs to select and switch to the TX
for transmission, there may be a guard period between each
SRS transmission. The guard period may be one or two
symbols, depending on the numerology of the SRS resource.
However, if the UE has multiple antenna panels and at least
parts of the antenna panels are turned off for power saving,
the guard period for one or two symbols may not fulfill the
leading time of at least 2 ms for turning on the antenna
panel(s). Hence, a mechanism for the UE to perform antenna
switching may be needed.

In accordance with some implementations of the present
disclosure, methods and apparatuses provide techniques for
addressing the above-noted issues.

For example, techniques are described for determining the
scheduling offset value(s). As described above, the leading
time for beam switching may be the minimum required time
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for a UE to set up the antenna panels for providing an
indicated RX/TX beam to receive/transmit the data. If the
scheduling offset of a DL/UL RSs/channel reception/trans-
mission cannot fulfill the leading time requirement, the UE
may not be able to transmit/receive the RSs/channel suc-
cessfully. In some implementations of the present disclosure,
the leading time may be related to the antenna panel status.
In addition, different values of the leading time may be
predefined in the 3GPP technical specification(s) for each or
all of the antenna panel statuses. For example, each antenna
panel status may have its own leading time value. In another
example, all antenna panel statuses may have the same
leading time value. In some implementations of the present
disclosure, the UE may report the required leading time for
each or all of the antenna panel statuses. In some imple-
mentations of the present disclosure, the UE may be con-
figured with the required leading time by the BS for each or
all of the antenna panel statuses.

In some implementations of the present disclosure, the
antenna panel status may contain information about how
many antenna panels at the UE are used for performing the
data reception/transmission of the channel/RSs, or how
many antenna panels at the UE are used/active/turned on in
a particular time period.

In some implementations of the present disclosure, an
indicator for antenna panel status may be transmitted by the
BS to indicate to a UE whether to enable/disable a power
saving mode or a normal power consumption mode. In the
power saving mode, the UE may turn on a smaller number
of antenna panels than that in the normal power consump-
tion mode. For example, the UE may turn on only one
antenna panel when operating in the power saving mode and
turn on all of its antenna panels when operating in the
normal power consumption mode.

It should be noted that the two operation modes (e.g., the
power saving mode and the normal power consumption
mode) described herein is for illustrative purposes and not
intended to limit the present invention. For example, the UE
may be operable in a number of operation modes different
than two. In addition, if only the power saving mode and the
normal power consumption mode are involved in the power
control scheme of the UE, the UE may enter the normal
power consumption mode when the power saving mode is
disabled. In contrast, the UE may enter the power saving
mode when the normal power consumption mode is dis-
abled.

In some implementations of the present disclosure, the
indicator for antenna panel status information may include a
single-bit IE. The UE may enable the power saving mode
when the single-bit IE is set to a first value, and disable the
power saving mode when the single-bit IE is set to a second
value. The total number of turn-on/active antenna panels
when the power saving mode is enabled may be less than
that when the power saving mode is disabled.

In some implementations of the present disclosure, the
indicator for antenna panel status information may include a
multiple-bit IE. The UE may be configured to turn on a
particular number of the antenna panels when the multiple-
bit IE is set to a particular value.

In some implementations of the present disclosure, the
indicator for antenna panel status transmitted by the BS may
be used for indicating which antenna panel status the UE is
to apply.

In some implementations of the present disclosure, if the
UE is instructed by the BS to perform data reception using
multiple antenna panels when the UE is in the power saving
mode, the UE may need to apply a longer leading time than
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a normal leading time. Hence, in accordance with the
present disclosure, some techniques are provided for ensur-
ing that the BS and the UE have the same understanding on
the antenna panel status of the UE. In some implementations
of the present disclosure, the antenna panel status may be
used for indicating, explicitly or implicitly, how many, or
which, of the antenna panels of the UE are turned on (or
active, or able to transmit and receive data), and/or how
many, or which, of the antenna panels of the UE are turned
off (or inactive, or not able to transmit and receive data).

In some implementations of the present disclosure, the
antenna panel status of a UE may be affected by Bandwidth
Part (BWP) related operations. The UE may enable the
power saving mode or the normal power consumption mode
based on whether the UE operates in a particular BWP. For
example, when the UE operates on a default, an initial, or a
first active DL/UL BWP, the UE may always enable the
normal power consumption mode or the power saving mode.

In some implementations of the present disclosure, before
the UE receives an RRC configuration/a MAC-CE mes-
sage/a DCI message for setting the UE’s antenna panels
status, the UE may operate in the power saving mode or the
normal power consumption mode. In some implementations
of the present disclosure, the UE may apply the power
saving mode or the normal power consumption mode for the
antenna panels before the UE reports the UE’s capability
about the antenna panels.

As described above, in some implementations of the
present disclosure, the indicator for antenna panel status
may be a single bit IE used for indicating whether the UE is
in the power saving mode or not. For example, the UE may
be configured with an available number of antenna panels
for each BWP configuration. Once the UE receives the
indicator for antenna panel status (e.g., in the form of a
single bit IE) being set to a first value (e.g., the bit value
“0”), the UE may turn on only part of the antenna panels to
operate in the power saving mode. In contrast, if the indi-
cator for antenna panel status is set to a second value (e.g.,
the bit value “1”), the UE may turn on all of the antenna
panels to enable the normal power consumption mode (or
disable the power saving mode).

In some implementations of the present disclosure, the
indicator for antenna panel status may be a multiple-bit IE
used for indicating the antenna panels status to the UE. For
example, if the UE includes four antenna panels (e.g., the
antenna panels 102, 104, 106 and 108 shown in FIG. 1), the
bit field of the indicator for antenna panel status may be set
as “00” to indicate that all of the antenna panels are turned
off/inactive, or set as “01” to indicate that only one antenna
panel is active, or set as “10” to indicate that only two
antenna panels are active, or set as “11” to indicate that all
antenna panels are active. While the indicator for antenna
panel status described herein is used to indicate to the UE to
turn on a particular number of antenna panels, there are other
ways to use the indicator for antenna panel status in some
implementations of the present disclosure. For example, the
indicator for antenna panel status may be used to indicate to
the UE to turn on/off which one or ones of the antenna
panels. In addition, it should be noted the examples
described herein are not intended for limiting the present
invention. For example, the indicator for antenna panel
status may have a number of bits, with each bit correspond-
ing to a particular antenna panel status.

The indicator for antenna panel status may be transmitted
from the BS to the UE via a DCI message, a MAC-CE
massage, or through RRC signaling. For example, the indi-
cator for antenna panel status information may be contained
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in a TCI state ID indicated by the BS. In some implemen-
tations of the present disclosure, the value of the indicator
for antenna panel status may be updated and transmitted by
the UE to the BS via an Uplink Control Information (UCI)
message, a MAC-CE massage, or through RRC signaling.

In some implementations of the present disclosure, the
RRC configuration that contains the indicator for antenna
panel status may be an independent IE configured per
UE-basis. For example, the RRC configuration may be the
same for one cell or one cell group. In such cases, the RRC
configuration may be a cell level or cell group level con-
figuration. In another example, the RRC configuration may
be configured in a specific frequency range. For example,
the RRC configuration may only exist in the FR2.

In some implementations of the present disclosure, the
UE may choose a leading time for beam switching based on
the antenna panel status. For example, during an RRC
reconfiguration period, or before the UE receives the first
RRC configuration (e.g., while the UE attempts to establish
an RRC connection after a successful initial access, or while
the UE performs an initial access procedure), the UE may
apply a default value of the leading time. Such default value
may be predefined in the 3GPP technical specification (e.g.,
“3 ms” defined in NR Release-15) and determined as the
UE’s capability for beam switching in the power saving
mode. In another example, the UE may apply the longest
leading time configured in a UE capability list during this
period. In another example, the BS may send an indicator to
the UE through an RRC configuration (e.g., powerPreflndi-
cationConfig), and the UE may transmit or report the current
antenna panel status to the BS via another indicator (e.g.,
powerPreflndication). For example, the UE may transmit an
antenna panel status report to inform the BS of a change in
the antenna panel status. For example, the antenna panel
status report may be contained in a beam report or a Channel
State Information (CSI) report. In some implementations of
the present disclosure, the antenna panel status report may
include a single-bit IE. The UE may set the single-bit IE to
a first value to indicate that a power saving mode is enabled
and set the single-bit IE to a second value to indicate that the
power saving mode is disabled. In some implementations of
the present disclosure, the antenna panel status report may
include a multiple-bit IE. The UE may set the multiple-bit IE
to a particular value when a particular number of the
plurality of antenna panels are turned on.

In some implementations of the present disclosure, the BS
may keep the antenna panel status report from the UE and
adjust the scheduling offset based on the antenna panel status
report. In some implementations of the present disclosure,
the BS may configure the UE with a prohibit timer to prevent
the UE from reporting the antenna panel status too fre-
quently. The prohibit timer may be used when the UE reports
the antenna panel status to the BS through the RRC message
(s), MAC-CE massage(s) or DCI message(s). In some
implementations of the present disclosure, the prohibit timer
may start at the first subframe/slot/OFDM symbol after the
UE reports the antenna panel status. For example, the
prohibit timer may start at the first subframe/slot/OFDM
symbol after a physical resource (e.g., a Physical Uplink
Control Channel (PUCCH) or a Physical Uplink Share
Channel (PUSCH)) that contains of the antenna panel status
report of the UE. In addition, in some implementations of the
present disclosure, the UE may not report another antenna
panel status when the prohibit timer is running.

In some implementations of the present disclosure, the
prohibit timer may be bidirectional. For example, the pro-
hibit timer may start when the antenna panel status transition
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from the normal power consumption mode to the power
saving mode, and vice versa. In some implementations of
the present disclosure, the prohibit timer may be unidirec-
tional. For example, the prohibit timer may only start when
a specific power preference transition occurs (e.g., transi-
tioning from the power saving mode to the normal power
consumption mode). In some implementations of the present
disclosure, the prohibit timer may be configured separately
for different kinds of power preference transitions.

In some implementations of the present disclosure, the BS
may configure multiple antenna panel status to a UE via an
RRC configuration, and the BS may indicate one of the
multiple antenna panel status through a MAC-CE message
(e.g., which is called a “MAC-CE approach”). For example,
if the UE is configured with four antenna panel statuses by
the RRC configuration, the BS may send a MAC-CE mes-
sage to indicate to the UE to use one of these four antenna
panel statuses. In addition, the BS may assume that the UE
may follow the leading time for the indicated antenna panel
status during the time period between the reception of the
MAC-CE message and the reception of another MAC-CE
message that contains an indicator for antenna panel status
for switching the antenna panel status.

In some implementations of the present disclosure, the
UE may maintain multiple leading time values configured
by the BS or predefined in the 3GPP technical specification.
These leading time values may be cell-specific values or cell
group-specific values.

In some implementations of the present disclosure, after
the UE receives the RRC configuration, but before receiving
a MAC-CE massage for activation, the UE may apply one
of the leading time values configured in an RRC configu-
ration (if the leading time values are configured in the RRC
configuration by the BS) as a default value of the leading
time.

In some implementations of the present disclosure, more
than one antenna panel status may be collected in a list of
entries. For example, each of the entries may refer to a
particular antenna panel status, and each antenna panel
status may be associated with a particular leading time
value.

In some implementations of the present disclosure, the
default value of the leading time may refer to the first entry
(e.g., the entry indexed by “0”) in the list of entries in the
RRC configuration. In some implementations of the present
disclosure, the default value of the leading time may refer to
an entry for the longest leading time in the RRC configu-
ration (if the leading time value is RRC-configured).

In some implementations of the present disclosure, a
MAC-CE massage containing a number of zero bits may be
used. This MAC-CE massage may be used for turning on (or
“enabling”) or turning off (or “disabling”) the power saving
mode. The UE may distinguish this MAC-CE massage
based on, for example, a Logical Channel Identity (LCID).

In some implementations of the present disclosure, at
least one of the following items may be included in a
MAC-CE massage: a cell Identity (ID), a BWP ID, and an
indicator for antenna panel status. The UE may apply an
antenna panel status indicated by the MAC-CE message
after the UE transmits an HARQ-ACK to the BS.

In some implementations of the present disclosure, the BS
may configure multiple antenna panel statuses to a UE via an
RRC configuration, and the BS may indicate one of the
multiple antenna panel statuses through a DCI message
(e.g., which is called a “DCI approach™). For example, if the
UE is configured with eight different antenna panel statuses
in the RRC configuration, the BS may transmit a DCI
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message which may contain an indicator for antenna panel
status to the UE to indicate to the UE to use one of the eight
antenna panel statuses in the RRC configuration.

In some implementations of the present disclosure, if a
UE is configured with multiple leading time values by the
BS, the UE may apply one of the leading time values
contained in an RRC configuration as a default leading time
value after the UE receives the RRC configuration (but
before receiving the DCI message). Similar to the MAC CE
approach, the default leading time value may refer to the first
entry of the multiple antenna panel statuses in the RRC
configuration (e.g., the entry with an index value of “0), or
an entry with the longest leading time in the RRC configu-
ration.

In some implementations of the present disclosure, the BS
may use a MAC-CE message to select a subset of the leading
time values from the RRC configuration and indicate one of
the selected leading time value(s) by a DCI message. For
example, the BS may configure 16 antenna panel statuses in
an RRC configuration, and the BS may transmit a MAC-CE
massage to select four of these 16 antenna panel statuses in
the RRC configuration. The BS may further transmit a DCI
message to indicate to the UE to use one of the four selected
antenna panel statuses.

In some implementations of the present disclosure, irre-
spective of where the leading time values are configured, the
BS may need to ensure that the triggering/scheduling offset
for the DL/UL channels/signals can fulfill the requirement of
leading time for switching the antenna panel status. From
UE’s perspective, the UE may not be expected to receive
data from the BS during the scheduling offset period.

In some implementations of the present disclosure, the
antenna panel status may be associated with the TCI states.
For example, in addition to the QCL information, some TCI
states may further contain the antenna panel status (e.g.,
which is indicated by an explicit bit). In addition, the
maximum number of the TCI states in an RRC configura-
tion, or a DCI message, may be expanded since the BS may
need more TCI state(s) to indicate different antenna panel
statuses for the same QCL information. For example, if the
maximum number of TCI states is expanded from 64 to 96,
the TCI state #63 may be used to represent a signal-antenna-
panel status which is QCLed with the CSI-RS resource #1,
and the TCI state #64 may be used to represent a multi-
antenna-panel status which is QCLed with the same CSI-RS
resource #1. In some implementations of the present disclo-
sure, once the QCL information of a DL/UL RS/channel is
configured with a TCI state (e.g., the TCI state #64) for
multiple antenna panels, the UE may attempt to receive/
transmit the DL/UL RS/channel based on a leading time for
beam switching for the multiple antenna panels.

In some implementations of the present disclosure, a TCI
state table may be used when the UE performs data recep-
tion/transmission by multiple antenna panels. For example,
the BS may configure the UE with multiple TCI state tables.
The number of entries in each TCI state table may be the
same or different. The UE may select a specific TCI state
table from these TCI state tables based on a MAC-CE
massage (e.g., used in the MAC-CE approach) or a DCI
message (e.g., used in the DCI approach). For example, if
the UE receives a DCI message which contains an explicit
bit (e.g., used as an indicator for antenna panel status) for
indicating the UE to enable the power saving mode, the UE
may attempt to receive the PDSCH using a single antenna
panel, instead of using multiple antenna panels. In addition,
the UE may further apply a leading time corresponding to
using the single antenna panel.
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In some implementations of the present disclosure, a
timer may be used to determine the switch of the antenna
panel status. For example, the UE may receive a timer from
the BS and switch the antenna panel status from a first
antenna panel status to a second antenna panel status after
the timer expires. For example, when the timer expires, the
UE may transition from the normal power consumption
mode (e.g., in which the UE turns on N2 antenna panels) to
the power saving mode (e.g., in which the UE turns on N1
antenna panel(s), where N1 is less than N2). In another
example, the UE may transition from the power saving mode
to the normal power consumption mode when the timer
expires.

In some implementations of the present disclosure, the
timer may expire when a DRX inactivity timer expires or the
UE enters a DRX off-period/sleep mode.

FIG. 2 is a schematic diagram illustrating a timeline of the
antenna panel status of a wireless communication device
(e.g., aUE), in accordance with example implementations of
the present disclosure.

In the present implementation, a timer for antenna panel
status may (re)start at the first symbol after the end of the
PDCCH. As shown in FIG. 2, in the slot # n, the UE receives
an indicator for antenna panel status via a DCI message
which is transmitted over a PDCCH 202. The indicator for
antenna panel status may indicate to the UE to switch from
a power saving mode (in which there are only N1 antenna
panel(s) is active/turned on) to a normal power consumption
mode (in which there are N2 antenna panels are active/
turned on), where N2 is greater than N1.

As shown in FIG. 2, there is a time gap 21 between the
time the UE receives the indicator for antenna panel status
from the PDCCH 202 and the time the UE actually turns on
the N2 antenna panels. The time gap 21 may reflect the time
required for the UE to turn on the antenna panel(s). In some
implementations of the present disclosure, the time gap 21
may be deemed as the leading time for beam switching of
the UE.

In some implementations of the present disclosure, the
UE may start the timer for antenna panel status at the first
symbol after the last symbol of the PDCCH 202 monitor
occasion. Also, the UE may further receive a PDSCH 204
scheduled by the PDCCH 202 in the same slot # n.

Before the timer expires, the BS may assume that the UE
may keep the antenna panel status indicated by the PDCCH
202, or applied for the PDSCH 204. Once the timer expires,
the BS may assume that the UE may return to the power
saving mode. As shown in FIG. 2, in the slot # n+2, after the
timer expires, the UE may transmit a PUCCH 206 indicated
by the PDCCH 202 in the power saving mode.

In some implementations of the present disclosure, if the
UE is instructed by the BS to operate in the power saving
mode, the timer may not start. In addition, the indicator for
antenna panel status may be implemented as any implicit/
explicit data structure. For example, the indicator for
antenna panel status may include a single-bit IE or a
multiple-bit IE or may be contained in a beam report or a
CSI report.

In some other implementations of the present disclosure,
the timer for antenna panel status may start at different time
points, as shown in FIGS. 3 and 4.

FIG. 3 is a schematic diagram illustrating a timeline of the
antenna panel status of a wireless communication device
(e.g., a UE), in accordance with example implementations of
the present disclosure. In the present implementation, the
timer for antenna panel status may start at the first symbol
after the end of a PUCCH. As shown in FIG. 3, in the slot
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# n, the UE receives an indicator for antenna panel status via
a DCI message which is transmitted over a PDCCH 302. The
UE may further receive a PDSCH 304 which is scheduled by
the PDCCH 302 in the same slot # n.

The indicator for antenna panel status may indicate to the
UE to switch from a power saving mode (in which there are
only N1 antenna panel(s) is turned on) to a normal power
consumption mode (in which there are N2 antenna panels
are turned on, where N2 is greater than N1). As shown in
FIG. 3, there is a time gap 31 between the time the UE
receives the indicator for antenna panel status from the
PDCCH 302 and the time the UE actually turns on the N2
antenna panels. As described above, the time gap 31 may
reflect the time required for the UE to turn on the antenna
panel(s). In addition, the time gap 31 may be deemed as the
leading time for beam switching of the UE.

In the present implementation, the UE may start the timer
at the first symbol after the last symbol of a PUCCH 306
monitor occasion. Similar to the implementations provided
with reference to FIG. 2, before the timer expires, the BS
may assume that the UE may keep the antenna panel status
indicated by the PDCCH 302, or applied for the PDSCH
304. Once the timer expires, the BS may assume that the UE
may return to the power saving mode. As shown in FIG. 3,
in the slot # n+4, after the timer expires, the UE may turn off
(N2-N1) antenna panels to go back to the power saving
mode.

FIG. 4 is a schematic diagram illustrating a timeline of the
antenna panel status of a wireless communication device
(e.g., aUE), in accordance with example implementations of
the present disclosure. In the present implementation, the
timer for antenna panel status may start at the first symbol
after the end of a PDSCH. As shown in FIG. 4, in the slot
# n, the UE may receive an indicator for antenna panel status
via a DCI message which is transmitted over a PDCCH 402.
The UE may further receive a PDSCH 404, which is
scheduled by the PDCCH 402 in the same slot # n. Then, the
UE may transmit a PUCCH 406, which is indicated by the
PDCCH 402, in the slot # n+2.

The indicator for antenna panel status may indicate to the
UE to switch from a power saving mode (in which there are
only N1 antenna panel(s) is turned on) to a normal power
consumption mode (in which there are N2 antenna panels
are turned on, where N2 is greater than N1). As shown in
FIG. 4, there is a time gap 41 between the time the UE
receives the indicator for antenna panel status from the
PDCCH 402 and the time the UE actually turns on the N2
antenna panels. As noted above, the time gap 41 may reflect
the time required for the UE to turn on the antenna panel(s).
In addition, the time gap 41 may be deemed as the leading
time for beam switching of the UE.

As described above, the UE may start the timer at the first
symbol after the last symbol of the PDSCH 404. Before the
timer expires, the BS may assume that the UE may keep the
antenna panel status indicated by the PDCCH 402 or applied
for the PDSCH 404. Once the timer expires, the BS may
assume that the UE may return to the power saving mode.
As shown in FIG. 4, in the slot # n+4, after the timer expires,
the UE may turn off certain antenna panel(s) to transition to
the power saving mode.

The timer for antenna panel status may count based on an
absolute time unit (e.g., ms), a time slot, a subframe, or an
OFDM symbol. In some implementations of the present
disclosure, if the timer counts based on a time slot or an
OFDM symbol, the numerology of the time unit may be
determined based on the PDCCH which carries the sched-
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uling information, or based on the PDSCH/RSs/PUSCH/
PUCCH which is scheduled by the PDCCH.

In some implementations of the present disclosure, the
timer for antenna panel status may be an optional feature for
the UE. For example, the BS may decide whether to con-
figure the timer to the UE based on the UE’s capability. In
addition, if the UE is not configured with the timer for
antenna panel status, the UE may not automatically switch
the antenna panel status (e.g., return to the power saving
mode automatically). In such a case, the UE may follow the
most recently received indicator for antenna panels status
(e.g., contained in a DCI message, a MAC-CE massage, or
an RRC configuration) from the BS to determine the antenna
panels status, until the UE sends a request to the BS and/or
receives another indicator for antenna panels status from the
BS. In some implementations of the present disclosure, the
BS may not configure the UE with the timer for antenna
panel status. In such a case, if the BS does not receive a
response to the indicator for antenna panel status from the
UE, the BS may assume that the UE is in the power saving
mode. Hence, the BS may assume that a longer leading time
may be adopted by the UE, and the BS may determine a
scheduling offset value for the UE based on this assumption.

Some implementations of the present disclosure are
described herein for determining the scheduling offset val-
ues and the leading time values for different antenna panel
statuses.

In some implementations, there is only one leading time
value for each DL/UL channel/RSs reception/transmission.
Such a leading time value may be defined by the UE’s
capability for example. However, the above-mentioned
mechanism may not be suitable for a situation where the UE
needs a longer leading time for beam switching. Although
the BS may configure the UE with a scheduling offset that
is long enough to fulfill various leading times of different
antenna panel statuses, such a configuration may cause some
scheduling restrictions (e.g., because the UE may not always
need to use a long leading time). Hence, in accordance with
some implementations of the present disclosure, some tech-
niques are provided to improve scheduling flexibility and
performance of beam switching. For example, all DL/UL
channel/RSs may be configured with one or more additional
scheduling/triggering offset values for the situations where
the UE may need to apply a long leading time value for beam
switching, such as a PDSCH scheduling offset, a CSI-RS
resource reception, a PUSCH transmission, and an SRS
antenna switch.

In some implementations of the present disclosure, mul-
tiple scheduling offset values may be predefined for the UE
(e.g., based on the 3GPP technical specification) or con-
tained in the RRC configuration. The UE may apply one of
the scheduling offset values based on the indicator for
antenna panels status received from the BS. For example,
the UE may apply a first scheduling offset value for a normal
leading time case (e.g., in which the UE may not require to
turn on an antenna panel, or only need to turn N1 antenna
panel(s)), and apply a second scheduling offset value for a
long leading time case (e.g., in which UE may need to turn
on all of the antenna panels, or need to turn N2 antenna
panels, where N2 is greater than N1).

In some implementations of the present disclosure, the
UE may receive a plurality of scheduling offset values (e.g.,
including the first scheduling offset value and the second
scheduling offset value) from the BS. Each of the scheduling
offset values may be used for indicating a time duration
counting from an end of a PDCCH to a beginning of a
PDSCH. The UE may receive a first DCI message for setting
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the antenna panel status to a first antenna panel status. In
response to receiving the first DCI message, the UE may
apply the first scheduling offset value to receive first infor-
mation on a DL channel (e.g., a PDSCH) scheduled by the
first DCI message. The UE may further receive a second
DCI message for switching the antenna panel status from the
first antenna panel status to a second antenna panel status.
For example, the second DCI message may include an
indicator for antenna panel status information. In response to
receiving the second DCI message, the UE may apply the
second scheduling offset value to receive second informa-
tion on a second DL channel (e.g., another PDSCH) sched-
uled by the second DCI message.

In some implementations of the present disclosure, each
DL/UL channel/RS may have its corresponding scheduling
offset value. For example, in order to receive an aperiodic
CSI-RS resource, the RRC configuration may include two
scheduling offset values: one leading time value may be
indicated as X1 slot(s) (e.g., one slot) used for a normal
leading time case, and another leading time value may be
indicated as X2 slots (e.g., three slots) used for a long
leading time case, where X2 is greater than X1. The UE may
select one of these scheduling offset values based on the
indicator for antenna panel status received from the BS. In
another example, in order to receive the PDSCH, the RRC
configuration may include two scheduling offset values
(e.g., the KO parameters/values in the pdsch-TimeDomain-
ResourceAllocationList IE). For example, one scheduling
offset value (KO) may be indicated as X1 slot(s) for the
normal leading time case, and another scheduling offset
value (K0) may be indicated as X2 slots for the long leading
time case. The UE may select one of the scheduling offset
values based on the indicator for antenna panel status.

In some implementations of the present disclosure, the
UE may receive a scheduling offset value from the BS. The
scheduling offset value may include at least one of a KO
parameter/value for a DL channel (e.g., a PDSCH) and a K2
parameter/value for a UL channel (e.g., a PUSCH). If the
time duration indicated by the scheduling offset value is less
than the leading time duration indicated by a selected
leading time value, the UE may further determine that the
scheduling offset value is invalid.

In some implementations of the present disclosure, all of
the DL/UL channel/RSs may apply the same leading time
value for beam switching. For example, when the UE
operates in the normal power consumption mode, the
PUSCH transmission may be associated with a specific
scheduling offset value that is used for the normal leading
time case (e.g., a K2 value for determining a PUSCH
transmission offset). On the other hand, the PDSCH trans-
mission may be associated with another scheduling offset
also for the normal leading time case (e.g., a KO value for
determining a PDSCH reception offset).

In contrast, when the UE operates in the power saving
mode, both the PUSCH transmission and the PDSCH recep-
tion may apply the same scheduling offset value. This
scheduling offset value may be predefined by the 3GPP
technical specifications, or configured in the RRC configu-
ration, or determined based on the UE’s capability. In some
other implementations of the present disclosure, all DL
channels/RSs may apply a first scheduling offset value
suitable for the long leading time case, while all UL chan-
nels/RSs may apply a second scheduling offset value also
suitable for the long leading time case, where the first
scheduling offset value and the second scheduling offset
value may be different. In some of the present implemen-
tations, all of the DL/UL channels/RSs may be configured
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with an additional leading time value for a beam switch case
(e.g., a PDSCH scheduling offset, a CSI-RS resource recep-
tion, a PUSCH transmission or an SRS antenna switch).

Some implementations of the present disclosure are
described herein for providing techniques for helping the BS
to acquire information about the antenna panel status of the
UE.

In some implementations of the present disclosure, the
CSI measurement/report obtained under different antenna
panel statuses may be transmitted from the UE to the BS via
UCI/MAC-CE messages. In the UCI case, there may be at
least two ways for the UE to inform the BS of the antenna
panels status. One way is to introduce a particular IE
contained in the CSI report, and the other way is to reuse the
reserved bit field of an IE contained in the CSI report. In
addition, the UE may transmit a CSI parameter to the BS for
reporting the antenna panel status. The CSI parameter may
include at least one of a Precoding Matrix Indicator (PMI),
a Channel Quality Indicator (CQI), a Rank Indication (RI),
a Layer Indication (LI), and a Layer 1 Reference Signals
Received Power (L1-RSRP).

The information used to help the BS to acquire the
antenna panel status of the UE may be referred to as the UE
assistance information. In some implementations of the
present disclosure, the UE may transmit the UE assistance
information to the BS if the UE is not configured with the
timer for antenna panel status, or does not have the ability
to use the timer. In some implementations of the present
disclosure, the UE may transmit the UE assistance informa-
tion to the BS if the UE is configured to (or have the ability
to) switch its antenna panel status only when receiving the
indicator for antenna panel status via a MAC-CE massage
and/or an RRC message.

An example L1-RSRP report quantized table is shown as
follows:

TABLE 1

Bits RSRP range
0000000 RSRP = -44 dBm
0000001 -44 dBm > RSRP = -45 dBm
0000010 -45 dBm > RSRP = -46 dBm
1100000 -139 dBm > RSRP = -140 dBm
1100001 -140 dBm> RSRP
1100011 Antenna panel status #0
1100100 Antenna panel status #1

1111111 Reserved

As shown in Table 1, a number of the reserved bit fields
(e.g., bit fields “1100011” and “1100100”) in the L.1-RSRP
report quantized table are reused for indicating the antenna
panel status. For example, if the UE reports a value of
“1100011” as the largest L1 RSRP value in the L1-RSRP
report, the BS may assume that the UE is in the power saving
mode.

In some implementations of the present disclosure, if the
UE is configured to perform a group-based beam reporting
procedure (e.g., in which the UE may receive signals simul-
taneously via a group of RX beams), the antenna panel status
of the UE may be indicated by an L1-RSRP related value
(e.g., areserved L1-RSRP value and/or a specific differential
L1-RSRP value). For example, if the bit field for the largest
L1-RSRP value is a reserved value (e.g., “1100011”") and the
differential L1-RSRP value is a special value (e.g., “0000”),
the BS may assume that the UE is in the power saving mode
or in a specific antenna panel status, as shown in Table 1.
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In some implementations of the present disclosure, the BS
may assume that the indicated antenna panel status will be
applied by the UE from the first symbol after the end of the
slot at which the UCI or the PUSCH of the MAC-CE
massage is transmitted through. For example, if the UE is
configured with a timer for antenna panel status (e.g., the
timer described with reference to FIGS. 2, 3 and 4), this
timer may start at the first symbol after the end of the slot at
which the UCI or the PUSCH of the MAC-CE massage is
transmitted through.

In some implementations of the present disclosure, the
mechanisms described above can be applied for the cases
that the BS configures the UE to measure the CSI-RS
resource/SSB by a single antenna panel, whereas the UE is
actually able to (or has to) apply multiple antenna panels in
the time resource for receiving the CSI-RS resource/SSB. In
some implementations of the present disclosure, the UE may
indicate the antenna panel status to the BS via the CSI
parameter of the CSI report.

In some implementations of the present disclosure, the
UE may report multiple sets of CSI parameters to the BS.
For example, among the multiple sets of CSI parameters,
one set of the CSI parameters may include CSI parameter(s)
received and obtained through a single antenna panel, while
another set of the CSI parameters may include CSI param-
eter(s) received and obtained through multiple antenna pan-
els.

In some implementations of the present disclosure, tech-
niques are described herein for determining the antenna
panel status of a UE based on a DRX operation.

The DRX operation is a mechanism that makes a UE
discontinuously monitor/receive the PDCCH to reduce the
power consumption of the UE. However, when performing
the DRX operation, the UE may still need to monitor a
number of RSs in a DRX off-duration or a DRX inactive
period. Hence, in some implementations of the present
disclosure, whether to enable the power saving mode ata UE
may be determined based on the DRX operation.

In some implementations of the present disclosure, a UE
may decide to operate in the power saving mode when the
UE is in a DRX off-duration or a DRX inactive period. For
example, a UE may enable the power saving mode when the
UE operates in a DRX active time (or a DRX on-duration)
and disable the power saving mode when the UE operates in
a DRX inactive time (or a DRX off-duration).

In some implementations of the present disclosure,
whether to operate in the power saving mode is independent
of the DRX operation. For example, a UE may only follow
the indicator for antenna panel status received from the BS,
without considering whether the UE is currently in a DRX
on-duration or the DRX off-duration.

In some implementations of the present disclosure,
whether to operate in the power saving mode may be
determined based on the length of a DRX cycle (e.g., a time
gap between two UE-wake-up instances). For example, the
UE may be configured with a particular threshold and
determine whether to enable the power saving mode accord-
ing to a comparison between the threshold and the length of
the DRX period. For example, if the threshold is 50 ms and
the UE is configured with a DRX period of 40 ms, then the
UE may not enable the power saving mode because the
length of the DRX period (40 ms) is less than the threshold
(50 ms). In the same way, if the UE is configured with a
DRX period of 60 ms, the UE may enable the power saving
antenna status because the length of the DRX period (60 ms)
is greater than the threshold (50 ms). This threshold may be
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predefined in the 3GPP technical specifications or config-
ured by the BS via an RRC signaling.

In some implementations of the present disclosure, the
UE may assume that it will not operate in the power saving
mode if the UE is in the active time. For example, the active
time may include the time while: 1) a specific timer (e.g.,
drx-onDurationTimer or drx-InactivityTimer or drx-Re-
transmissionTimerDL or drx-RetransmissionTimerUL or ra-
ContentionResolutionTime) is running; or 2) a scheduling
request is sent on a PUCCH and is pending; or 3) a PDCCH
indicating a new transmission addressed to the Cell Radio
Network Temporary Identifier (C-RNTT) of the MAC entity
has not been received after successful reception of a random
access response for the random access preamble not selected
by the MAC entity among the contention-based random
access preamble.

In some implementations of the present disclosure, the
UE may automatically enter/stay the normal power con-
sumption mode regardless of the BS’s indication. For
example, the UE may automatically switch the antenna
panel status without further reception of a new indicator for
antenna panel status information from the BS.

In some implementations of the present disclosure, if the
UE is configured with a timer for antenna panel status, this
timer may be affected by the DRX inactivity timer, because
from the UE’s perspective, whether to operate in the power
saving mode may be related to the DRX operations. For
example, when the DRX inactivity timer expires while the
timer for antenna panel status is still running, the UE may
switch to the DRX off duration and enable the power saving
mode. In addition, the timer for antenna panel status may
then stop. In another example, the operation of the DRX
inactivity timer and the timer for antenna panel status are
independent.

An illustrative example (denoted as Example 0) will now
be provided, where the UE may inform the BS of the UE’s
capability.

FIG. 5 is an example of a data structure indicating UE
capability information, in accordance with example imple-
mentations of the present disclosure. As shown in FIG. 5,
UE capability information 502 includes a number of param-
eters related to the antenna panel status of the UE. The
parameters may include at least one of a power saving
indicator (which may be used as the indicator for antenna
panel status described herein), a timer for antenna panel
status (for which the value may be set as “true/support” or
“false/not support”), a maximum number of support antenna
panels (e.g., one, two, four or eight), a support indication
method (e.g., which may indicate whether an RRC, MAC-
CE, or DCI approach is supported), a required time for
antenna panel status switch (e.g., 1 ms, 2 ms, 3 ms, or 4 ms),
and a UE assistance indication (for which the value may be
set as “true/support” or “false/not support”). The UE may
transmit the UE capability information 502 to the BS after
establishing an RRC connection to the BS. If the UE
supports the timer for antenna panel status, the BS may
configure the length of the timer for antenna panel status to
the UE, as shown in FIG. 6.

FIG. 6 is an example data structure indicating the con-
figuration of the timer for antenna panel status, in accor-
dance with example implementations of the present disclo-
sure. As shown in FIG. 6, a configuration 602 may indicate
that the length/duration of the timer for antenna panel status
is four slots.

An illustrative example (Example 1-1) will now be pro-
vided, where the scheduling offset value (e.g., KO value) for
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PDSCH reception may be selected based on an indicator for
antenna panel status (e.g., contained in a TCI state) from the
BS.

FIG. 7 is a flowchart for a method of selecting a sched-
uling offset value based on a TCI state indicated by the BS,
in accordance with example implementations of the present
disclosure.

In action 702, a UE may be configured with multiple sets
of parameters corresponding to different operation modes
(e.g., the power saving mode and the normal power con-
sumption mode). For example, the UE may be configured
with two different leading time values. One leading time
value may be 10 us, and the other one may be 3 ms. As noted
above, the UE may apply a first leading time when the UE
needs to turn on a first number of antenna panel(s), and apply
asecond leading time when the UE needs to turn on a second
number of antenna panel(s), where the first leading time is
longer than the second leading time if the first number is
greater than the second number. Hence, in this example, the
shorter leading time, 10 us, may be applied in the case that
the UE does not need to further turn on an antenna panel in
response to the indicator for antenna panel status, and the
longer leading time, 3 ms, may be applied in the case that the
UE needs to turn on one or more antenna panels to change
the operation mode (e.g., to switch from the power saving
mode to the normal power consumption mode).

The leading time values may be predefined in the 3GPP
technical specifications or configured by the BS via an RRC
signaling. In addition, the UE may be configured with a set
of KO values in the pdsch-TimeDomainResourceAllocation-
List IE of an RRC configuration. An example of the KO
configuration is as follows.

TABLE 2

Row index KO (normal, long)
0 (0 slot, 3 slots)

1 (0 slot, 3 slots)

15 (1 slot, 4 slots)

For each indexed row of the KO configuration, the UE
may determine which of the normal KO value and the long
KO value should be applied. In addition, the UE may be
configured with a certain number of TCI state(s) in the RRC
configuration, and each of the TCI state(s) may be associated
with a particular antenna panel status.

FIG. 8 is an example data structure indicating TCI state
configuration, in accordance with example implementations
of the present disclosure. As shown in FIG. 8, a TCI state
configuration 802 includes 64 TCI states, and each TCI state
may include a power saving mode IE for indicating whether
to enable the power saving mode when the corresponding
TCI state is applied.

In addition, the UE may be configured by the BS to enable
the power saving mode via an indicator for antenna panel
status. FIG. 9 is an example data structure for an indicator
for antenna panel status, in accordance with example imple-
mentations of the present disclosure. As shown in FIG. 9, an
indicator for antenna panel status 902 includes a power
saving mode IE which is set as “true” to indicate to the UE
to enable the power saving mode.

It should be noted that the parameter values, data formats,
and configurations provided herein are for illustrative pur-
poses only, and not intended to limit the scope of the present
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invention. For example, the number of slots for each KO
value (e.g., the normal KO value or the long KO value) may
be different for different numerologies.

Referring back to FIG. 7. In action 704, the UE may
receive a DCI message from the BS. In action 706, the UE
may apply a TCI state indicated by the DCI message. In
action 708, the UE may apply a KO value corresponding to
the antenna panel status associated with the TCI state.

FIGS. 10A and 10B are schematic diagrams illustrating
timelines of the antenna panel status of a wireless commu-
nication device (e.g., a UE), in accordance with example
implementations of the present disclosure. It should be noted
that the timeline of FIG. 10B is continued from that of FIG.
10A. In this example, the total number of turned-on/active
antenna panels at the UE is N1 when the power saving mode
is enabled and is N2 when the power saving mode is
disabled, where N1 is less than N2. For example, N1 may be
“1” and N2 may be the number of the antenna panels the UE
has.

As shown in FIG. 10A, the UE may receive and decode
a first DCI message DCI_1 which is transmitted over a
PDCCH 1002 in the slot # n. The first DCI message DCI_1
may indicate to the UE to apply a particular TCI state (e.g.,
the TCI state #1 contained in the TCI state configuration 802
in FIG. 8) for a scheduling PDSCH 1004. According to FIG.
8, because the TCI state #1 includes a power saving mode IE
which is configured with a “true” value, the UE may follow
the TCI state #1 to monitor the scheduling PDSCH 1004 in
the power saving mode. In some implementations of the
present disclosure, the UE may apply a normal KO value
when the UE does not need to further turn on an antenna
panel in response to the indicator for antenna panel status
from the BS, and may apply a long KO value when the UE
needs to turn on at least one antenna panel in response to the
indicator for antenna panel status. In this example, because
the UE has already in the power saving mode before
receiving the first DCI message DCI_1, the UE may refer to
the KO configuration in Table 2 to apply a normal KO value
(e.g., 0 slot) contained in the row entry which is indexed by
“1” and associated with the TCI state #1. Once the normal
KO value (e.g., O slot) is applied, the UE is expected to
receive the PDSCH 1004 in the same slot as the PDCCH
1002, as shown in FIG. 10A.

After successfully receiving and decoding the PDSCH
1004, the UE may transmit a HARQ-ACK over a PUCCH
1006 in the slot # n+1 based on the HARQ resource indicator
(ARI) contained in the first DCI message DCI_1. Then, the
UE may further receive and decode a second DCI message
DCI_2 which is transmitted over a PDCCH 1008 in the slot
# m. In this example, the second DCI message DCI_2 may
indicate to the UE to apply the TCI state #64 for a scheduling
PDSCH 1010. According to FIG. 8, because the TCI state
#64 includes a power saving mode IE which is configured
with a “false” value, the TCI state #64 may indicate to the
UE to receive the scheduling PDSCH 1010 in the normal
power consumption mode, in which there are N2 antenna
panels turned on by the UE. As noted above, because the UE
needs to turn on a number of antenna panels to enter the
normal power consumption mode, the UE may apply a long
KO value for receiving the PDSCH 1010. For example, the
UE may refer to the KO configuration in Table 2 to apply a
long KO value (e.g., 4 slots) contained in the row entry which
is indexed by “15” and associated with the TCI state #64.
Once the long KO value (e.g., 4 slots) is applied, the UE will
expect to receive the PDSCH 1010 in the slot m+4, which
is the fourth slot after the slot # m, as shown in FIG. 10A.
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After successfully receiving and decoding the PDSCH
1010, the UE may transmit a HARQ-ACK over a PUCCH
1012 in the slot # m+6 based on the ARI contain in the
second DCI message DCI_2, as shown in FIG. 10B.

Then, the UE may receive and decode a third DCI
message DCI_3 which is transmitted over a PDCCH 1014 in
the slot # m+7. In this example the third DCI message
DCI_3 may indicate to the UE to apply the same TCI state
#64 as indicated in second DCI message DCI_2 for a
scheduling PDSCH 1016. Although the TCI state #64 may
indicate to the UE to receive the scheduling PDSCH 1016 in
the normal power consumption mode, the UE has already
operated in the normal power consumption mode before
receiving the third DCI message DCI_3. Thus, the UE does
not need to further turn on an antenna panel at this moment,
and the UE may apply the normal KO value (e.g., O slot) to
determine when to receive the PDSCH 1016 (e.g., in the
same slot # m+7 as the PDCCH 1014). After successfully
receiving and decoding the PDSCH 1016, the UE may
transmit a HARQ-ACK over a PUCCH 1018 in the slot # k
based on the ARI contained in the third DCI message
DCI_3, as shown in FIG. 10B.

An illustrative example (denoted as Example 1-2) will
now be provided, where the scheduling offset value (e.g., KO
value) for PDSCH reception may be selected based on the
TCI state and the timer for antenna panel status.

In Example 1-2, the UE may be further configured with a
timer for antenna panel status in addition to the multiple sets
of parameters configured in action 702 of FIG. 7. For
example, the configuration of the timer for antenna panel
status may be, but not limited to, the configuration 602 in
FIG. 6. In some implementations of the present disclosure,
the numerology of the timer for antenna panel status may be
determined based on the scheduling PDSCH of the active
DL BWP.

FIGS. 11A and 11B are schematic diagrams illustrating
timelines of the antenna panel status of a wireless commu-
nication device (e.g., a UE), in accordance with example
implementations of the present disclosure. It should be noted
that the timeline of FIG. 11B is continued from that of FIG.
11A. In this example, the total number of turned-on/active
antenna panels at the UE is N1 when the power saving mode
is enabled and is N2 when the power saving mode is
disabled, where N1 is less than N2. For example, N1 may be
“1” and N2 may be the number of the antenna panels the UE
has.

As shown in FIG. 11A, the UE may receive and decode
a first DCI message DCI_1 which is transmitted over a
PDCCH 1102 in the slot # n. The first DCI message DCI_1
may indicate to the UE to apply a particular TCI state (e.g.,
the TCI state #1 contained in the TCI state configuration 802
in FIG. 8) for a scheduling PDSCH 1104. According to FIG.
8, because the TCI state #1 includes a power saving mode IE
which is configured with a “true” value, the UE may follow
the TCI state #1 to monitor the scheduling PDSCH 1004 in
the power saving mode. As noted above, because the UE has
already in the power saving mode before receiving the first
DCI message DCI_1, the UE may refer to the KO configu-
ration in Table 2 to apply a normal KO value (e.g., 0 slot)
contained in the row entry which is indexed by “1” and
associated with the TCI state #1. Once the normal KO value
(e.g., 0 slot) is applied, the UE is expected to receive the
PDSCH 1104 in the same slot as the PDCCH 1002, as shown
in FIG. 11A.

After successfully receiving and decoding the PDSCH
1104, the UE may transmit an HARQ-ACK over a PUCCH
1106 in the slot # n+1 based on the ARI contained in the first
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DCI message DCI_1. Then, the UE may further receive and
decode a second DCI message DCI_2 which is transmitted
over a PDCCH 1108 in the slot # m. In this example, the
second DCI message DCI_2 may indicate to the UE to apply
the TCI state #64 for a scheduling PDSCH 1110. According
to FIG. 8, because the TCI state #64 includes a power saving
mode IE which is configured with a “false” value, the TCI
state #64 may indicate to the UE to receive the scheduling
PDSCH 1110 in the normal power consumption mode, in
which there are N2 antenna panels turned on by the UE. As
noted above, because the UE needs to turn on a number of
antenna panels to enter the normal power consumption
mode, the UE may apply a long KO value for receiving the
PDSCH 1110. For example, the UE may refer to the KO
configuration in Table 2 to apply a long KO value (e.g., 4
slots) contained in the row entry which is indexed by “15”
and associated with the TCI state #64. Once the long KO
value (e.g., 4 slots) is applied, the UE will expect to receive
the PDSCH 1110 in the slot m+4, which is the fourth slot
after the slot # m, as shown in FIG. 11A. In addition, the
timer for antenna panel status may start at the end of the slot
# m+4.

After successfully receiving and decoding the PDSCH
1110, the UE may transmit an HARQ-ACK over a PUCCH
1112 in the slot # m+6 based on the ARI contain in the
second DCI message DCI_2, as shown in FIG. 11B.

Then, UE may successfully receive and decode a third
DCI message DCI_3 which is transmitted over a PDCCH
1114 in the slot # m+9. The third DCI message DCI_3 may
indicate to the UE to apply the TCI state #64 for a scheduling
PDSCH 1116. Because the timer for antenna panel status
expires in the end of the slot # m+8, the UE has already
switched to the power saving mode when receiving the third
DCI message DCI_3. In addition, according to FIG. 8, the
TCI state #64 may indicate to the UE to receive the PDSCH
1116 in the normal power consumption mode. Because the
UE needs to turn on at least N2-N1 antenna panels to switch
from the power saving mode to the normal power consump-
tion mode, the UE may apply a long KO value (e.g., 4 slots)
based on the KO configuration (e.g., the KO configuration
shown in Table 2), and receive the PDSCH 1116 in the slot
m+13 which is the fourth slot after the slot # m+9. After
successfully receiving and decoding the PDSCH 1116, the
UE may transmit an HARQ-ACK in the slot # k based on the
ARI in the scheduling DCI (e.g., the third DCI message
DCI_3), as shown in FIG. 11B.

An illustrative example (denoted as Example 2-1) will
now be provided, where an RRC-configured offset value for
receiving an aperiodic CSI RS may be selected based on a
CSI request from the BS.

FIG. 12 is a flowchart for a method of selecting an offset
value (e.g. a KO value) for receiving an aperiodic CSI-RS,
in accordance with example implementations of the present
disclosure.

In action 1202, the UE may be configured with multiple
sets of parameters corresponding to different operation
modes (e.g., the power saving mode and the normal power
consumption mode). For example, two different leading
times may be predefined in the 3GPP technical specifications
for the UE. One may be a shorter leading (e.g., 10 micro-
seconds) to be used in the case that the UE does not need to
further turn on an antenna panel, and the other one may be
a longer leading time (e.g., 3 ms) to be used in the case that
the UE needs to turn on one or more antenna panels to
change the operation mode. In addition, the UE may be
configured with a set of offset values (e.g., aperiodicTrig-
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geringOffset) in an RRC configuration for receiving an
aperiodic CSI-RS, as shown in FIG. 13.

FIG. 13 is an example data structure indicating an ape-
riodic CSI RS reception configuration, in accordance with
example implementations of the present disclosure. As
shown in FIG. 13, in the aperiodic CSI RS reception
configuration (e.g., NZP-CSI-ResourceSet) 1302, the ape-
riodicTriggeringOffset may refer to a specific row entry
(e.g., indexed by “10”) in the KO configuration 1304, which
is associated with a normal KO value of 2 slots and a long
KO value of 6 slots. The UE may be further configured in the
power saving mode based on an initial indicator for antenna
panel status (e.g., the indicator for antenna panel status 902
in FIG. 9). In addition, the numerology applied in this
example may be, but not limited to, 15 KHz.

Referring back to FIG. 12. In action 1204, the UE may
receive a DCI message containing a CSI request from BS. In
action 1206, the UE may apply a KO value corresponding to
the antenna panel status indicated by the CSI request.

FIG. 14 is an example of a MAC-CE message, in accor-
dance with example implementations of the present disclo-
sure. As shown in FIG. 14, a MAC-CE message 1402
includes several reserved bits (which are denoted as “R” in
FIG. 14), a cell ID, and a control bit (which is denoted as “C”
in FIG. 14). The cell ID may contain the serving cell ID
(e.g., “00000” in this example). The control bit “C” may be
used for indicating to the UE to enable/disable the power
saving mode. For example, the UE may be indicated to
enable the power saving mode when the control bit is set to
a first value (e.g., “1”), or indicated to disable the power
saving mode when the control bit is set to a second value
(e.g., “0”). As shown in FIG. 14, the MAC-CE message
1402 of which the control bit is set to “0” may be used for
indicating to the UE to disable the power saving mode (or to
operate in the normal power consumption mode).

FIG. 15 is a schematic diagram illustrating that different
triggering offset values (e.g., KO values) are applied for the
changes in the antenna panel status of a wireless commu-
nication device (e.g., a UE), in accordance with example
implementations of the present disclosure. In this example,
the total number of turned-on/active antenna panels at the
UE is N1 when the UE is in the power saving mode and is
N2 when the UE is the normal power consumption mode,
where N1 is less than N2. For example, N1 may be “1” and
N2 may be the number of the antenna panels the UE has.

As shown in FIG. 15, in the slot # n, the UE may receive
a first DCI message DCI_1 which is transmitted over a
PDCCH 1502, and obtain a MAC-CE message (e.g., the
MAC-CE message 1402 in FIG. 14) based on the first DCI
message DCI_1. The MAC-CE message may include an
indicator for antenna panel status (e.g., the control bit of the
MAC-CE message 1402 in FIG. 14) used for indicating the
UE to operate in the normal power consumption mode (or
disable the power saving mode). Then, the UE may monitor
a scheduling PDSCH 1504 based on the first DCI message
DCI_1 and transmit a HARQ-ACK over a PUCCH 1508 for
the MAC-CE message in the slot # n+5.

In this example, the UE may receive a second DCI
message DCI_2 which is transmitted over a PDCCH 1506 in
the slot # n+1. The second DCI message DCI_2 may contain
a CSI request for triggering an aperiodic CSI report. For
example, the CSI request for triggering the CSI-RS resource
may be indicated by the BS, through the QCL information
associated with the CSI-RS resource, to be received by the
multiple antenna panels at the UE. In some implementations
of the present disclosure, the UE may apply a normal
triggering offset value when the UE does not need to further
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turn on an antenna panel in response to the indicator for
antenna panel status obtained from the BS, and apply a long
triggering offset value when the UE needs to turn on at least
one antenna panel in response to the indicator for antenna
panel status received from the BS. Thus, in this example, the
UE may apply a long triggering offset value (e.g., aperiod-
icTriggeringOffset) for the CSI request to switch from the
power saving mode to the normal power consumption mode.
As shown in FIG. 15, the BS may transmit the CSI-RS
resource in the slot #n+7, which is the sixth time slot after
the slot #n+1.

In addition, the UE may further receive a third DCI
message DCI_3 which is transmitted over a PDCCH 1510 in
the slot # m. The third DCI message DCI_3 may contain a
CSI request for triggering an aperiodic CSI report, and the
CSI request may indicate the same aperiodic CSI-RS trigger
state as indicated by the CSI request contained in the second
DCI message DCI_2. Since the CSI-RS resource (which is
triggered by the CSI request contained in the third DCI
message DCI_3) is indicated to be received by the multiple
antenna panels of the UE by the BS (e.g., through the QCL
information which is associated with the CSI-RS resource),
the UE may decide to apply a normal triggering offset value
(e.g., aperiodicTriggeringOffset) of two slots for this CSI
request based on the current antenna panel status (e.g., with
N2 antenna panels being turned-on). Thus, as shown in FIG.
15, the UE may receive the corresponding aperiodic CSI-RS
resource from the BS in the slot # m+2, which is the first
time slot after the slot # m+1.

An illustrative example (denoted as Example 2-2) will
now be provided, where an RRC-configured offset value for
an aperiodic CSI RS reception may be selected based on a
CSI request from the BS and a timer for antenna panel status.

In Example 2-2, the UE may be further configured with a
timer for antenna panel status in addition to the multiple sets
of parameters configured in action 1202 of FIG. 12. For
example, the configuration of the timer for antenna panel
status may be, but not limited to, the configuration 602 in
FIG. 6. In some implementations of the present disclosure,
the numerology of the timer for antenna panel status may be
determined based on the scheduling PDSCH of the active
DL BWP.

FIGS. 16A and 16B are schematic diagrams illustrating
that different triggering offset values (e.g., KO values) are
applied for the changes in the antenna panel status of a
wireless communication device (e.g., a UE), in accordance
with example implementations of the present disclosure. It
should be noted that FIG. 16B is continued from the FIG.
16A. In this example, the total number of turned-on/active
antenna panels at the UE is N1 when the UE is in the power
saving mode and is N2 when the UE is the normal power
consumption mode, where N1 is less than N2. For example,
N1 may be “1” and N2 may be the number of the antenna
panels the UE has.

As shown in FIG. 16A, in the slot # n, the UE may receive
a first DCI message DCI_1 which is transmitted over a
PDCCH 1602, and obtain a MAC-CE message (e.g., the
MAC-CE message 1402 in FIG. 14) based on the first DCI
message DCI_1. The MAC-CE message may include an
indicator for antenna panel status (e.g., the control bit of the
MAC-CE message 1402 in FIG. 14) that may indicate to the
UE to operate in the normal power consumption mode. The
UE may monitor a scheduling PDSCH 1604 based on the
first DCI message DCI_1 and transmit an HARQ-ACK over
a PUCCH 1608 for the MAC-CE message in the slot # n+5.

In addition, the UE may receive a second DCI message
DCI_2 which is transmitted over a PDCCH 1606 in the slot
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# n+1. The second DCI message DCI_2 may contain a CSI
request for triggering an aperiodic CSI report. For example,
the CSI request for triggering the CSI-RS resource may be
indicated by the BS, through the QCL information associ-
ated with the CSI-RS resource, to be received by the
multiple antenna panels at the UE. As described above, the
UE may apply a long triggering offset value (e.g., aperiod-
icTriggeringOffset) for the CSI request because the UE may
need to turn on at least one antenna panel in response to the
indicator for antenna panel status obtained from the BS. As
shown in FIG. 16A, the BS may transmit the CSI-RS
resource in the slot #n+7, which is the sixth time slot after
the slot #n+1. In this example, the timer for antenna panel
status may also start at the beginning of the slot #n+7.

Referring to FIG. 16B. The timer may then expire at the
end of the slot n+10, and the UE may switch from the normal
power consumption mode to the power saving mode. In
addition, the UE may then receive a third DCI message
DCI_3 which is transmitted over a PDCCH 1610 in the slot
# m, where m>n+10. The third DCI message DCI_3 may
contain a CSI request for triggering an aperiodic CSI report,
and the CSI request may indicate the same aperiodic CSI-RS
trigger state as indicated by the second DCI message DCI_2.
Since the CSI-RS resource triggered by the CSI request is
indicated by the BS, through the QCL information associ-
ated to the CSI-RS resource, to be received by multiple
antenna panels of the UE, the UE may decide to apply a long
triggering offset value (e.g., aperiodicTriggeringOffset) for
this CSI request based on current antenna panels status (e.g.,
with N1 antenna panels being turned-on). Thus, as shown in
FIG. 16B, the BS may transmit the aperiodic CSI-RS
resource in the slot # m+5, which is the fifth time slot after
the slot # m.

An illustrative example (denoted as Example 3-1) will
now be provided, where a UE may indicate its antenna panel
status through at least one explicit bit in a CSI report.

FIG. 17 is a schematic diagram illustrating a timeline of
the antenna panel status of a wireless communication device
(e.g., aUE), in accordance with example implementations of
the present disclosure. In this example, the total number of
turned-on/active antenna panels at the UE is N1 when the
UE is in the power saving mode and is N2 when the UE is
the normal power consumption mode, where N1 is less than
N2.

In this example, the UE may be configured with a periodic
CSI report and the periodicity for the CSI report may be 20
slots. In addition, the UE may be configured with a timer for
antenna panel status. The configuration of the timer for
antenna panel status may be, but not limited to, the con-
figuration 602 shown in FIG. 6. In some implementations of
the present disclosure, the numerology of the timer for
antenna panel status may be determined based on the
scheduling PDSCH of active DL BWP.

Referring back to FIG. 17, the UE may use N1 antenna
panel(s) to receive a CSI-RS #1 for calculating a CSI report
which is to be transmitted over a PUCCH 1702 in the slot #
n. Hence, the bit field in the CSI report may be set to a first
value (e.g., “1”) to indicate that the UE is in the power
saving mode.

On the other hand, if the UE changes to use multiple
antenna panels to receive the CSI-RS #2 for calculating a
CSI report which is to be transmitted over a PUCCH 1704
in the slot # n+20, the bit field in this CSI report may be set
to a second value (e.g., “0”) to indicate that the UE is in
normal power consumption mode (e.g., by disabling the
power saving mode).
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An illustrative example (denoted as Example 4-1) will
now be provided, where the antenna panel status may be
switched based on a DRX operation.

FIG. 18 is a flowchart for a method for determining the
antenna panel status of a wireless communication device
(e.g., a UE) based on a DRX operation, in accordance with
example implementations of the present disclosure. As
shown in FIG. 18, in action 1802, the UE may be configured
with a DRX inactivity timer by the BS. In action 1804, the
UE may switch the antenna panel status based on the DRX
inactivity timer.

In some implementations of the present disclosure, the
DRX inactivity timer may be used to define how long a UE
should remain in the ON state after the reception of a
PDCCH. For example, while the DRX inactivity timer is
running, the UE may remain in the ON state.

In Example 4-1, the UE may be configured with a DRX
period and a timer for antenna panel status. In addition, the
BS may indicate to the UE to operate in the normal power
consumption mode, as shown in FIG. 19.

FIG. 19 is an example data structure indicating an RRC
configuration for the UE, in accordance with example imple-
mentations of the present disclosure. As shown in FIG. 19,
an RRC configuration 1902 may include a DRX configura-
tion and an antenna panel status configuration. The DRX
configuration may be configured with a DRX inactivity
timer for 2 ms and a DRX cycle of 50 ms. The antenna panel
status configuration may indicate that the power saving
mode is to be disabled (e.g., with a “false” value) and the
length of the timer for the antenna panel status is four slots.

FIG. 20 is a schematic diagram illustrating a timeline of
the antenna panel status of a wireless communication device
(e.g., a UE) and a timing diagram of a DRX cycle, in
accordance with example implementations of the present
disclosure. In the present implementation, the timer for
antenna panel status may have the same operation as the
DRX inactivity timer. In addition, the total number of
turned-on/active antenna panels at the UE is N1 when the
UE is in the power saving mode and is N2 when the UE is
the normal power consumption mode, where N1 is less than
N2.

As shown in FIG. 20, the UE may receive a DCI message
in the slot # n at which the UE is in a DRX on-duration. In
response to receiving the DCI message, the UE may start
both the DRX inactivity timer and the timer for antenna
panel status, if the DCI message is used for indicating to the
UE to operate in the normal power consumption mode.
Then, if the timer for antenna panel status is going to
stop/expire at the beginning of the slot # n+4 (e.g., according
to the RRC configuration 1902 in FIG. 19), the DRX
inactivity timer may follow the timer for antenna panel
status to stop/expire at the same timing (e.g., at the begin-
ning of the slot # n+4). Thus, the UE may enter a DRX
off-duration and operate in the power saving mode at the
same time.

An illustrative example (denoted as Example 4-2) will
now be provided, where the antenna panel status may be
switched based on a DRX operation.

In Example 4-2, the UE may be configured with a DRX
inactivity timer by the BS. In addition, the UE may be
indicated by the BS to operate in the normal power con-
sumption mode based on an RRC configuration, as shown in
FIG. 21.

FIG. 21 is an example data structure indicating an RRC
configuration for the UE, in accordance with example imple-
mentations of the present disclosure. As shown in FIG. 21 an
RRC configuration 2102 may include a DRX configuration
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and an antenna panel status configuration. The DRX con-
figuration may be configured with a DRX inactivity timer
for 2 ms and a DRX cycle of 50 ms. Furthermore, the
antenna panel status configuration may indicate that the
power saving mode is to be disabled (e.g., with a “False”
value).

FIG. 22 is a schematic diagram illustrating a timeline of
the antenna panel status of a wireless communication device
(e.g., a UE) and a timing diagram of a DRX cycle, in
accordance with example implementations of the present
disclosure. In the present implementation, the antenna panel
status of a UE may follow the DRX cycles. In addition, the
total number of turned-on/active antenna panels at the UE is
N1 when the UE is in the power saving mode, and is N2
when the UE is the normal power consumption mode, where
N1 is less than N2.

As shown in FIG. 22, the UE may at first operate in the
normal power consumption mode based on the most recently
received BS instruction (e.g., received through an RRC
configuration, a MAC-CE message or a DCI message). If the
UE does not receive a PDCCH in the DRX on-duration (at
which the UE is in an active state), the UE may then switch
to the power saving mode after the UE enters the DRX
off-duration (at which the UE is in an inactive/sleep state).

FIG. 23 is a flowchart for a method of operating multiple
antenna panels, in accordance with example implementa-
tions of the present disclosure.

In action 2302, a wireless communication device (e.g., a
UE) may maintain a plurality of leading time values,
wherein the plurality of leading time values may indicate a
plurality of leading time durations.

In action 2304, the wireless communication device may
receive an indicator for antenna panel status information
from a BS.

In action 2306, the wireless communication device may
apply one of the plurality of leading time values to switch an
antenna panel status of the plurality of antenna panels based
on the received indicator for antenna panel status informa-
tion.

FIG. 24 is a block diagram illustrating a node for wireless
communication, in accordance with various aspects of the
present application. As shown in FIG. 24, a node 2400 may
include a transceiver 2420, a processor 2428, a memory
2434, one or more presentation components 2438, and at
least one antenna 2436. The node 2400 may also include an
RF spectrum band module, a BS communications module, a
network communications module, and a system communi-
cations management module, Input/Output (I/O) ports, /O
components, and power supply (not explicitly shown in FIG.
24). Each of these components may be in communication
with each other, directly or indirectly, over one or more
buses 2440. In one implementation, the node 2400 may be
a UE or a BS that performs various functions described
herein, for example, with reference to FIGS. 1 through 23.

The transceiver 2420 having a transmitter 2422 (e.g.,
transmitting/transmission circuitry) and a receiver 2424
(e.g., receiving/reception circuitry) may be configured to
transmit and/or receive time and/or frequency resource
partitioning information. In some implementations, the
transceiver 2420 may be configured to transmit in different
types of subframes and slots including, but not limited to,
usable, non-usable and flexibly usable subframes and slot
formats. The transceiver 2420 may be configured to receive
data and control channels.

The node 2400 may include a variety of computer-
readable media. Computer-readable media may be any
available media that may be accessed by the node 2400 and
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include both volatile and non-volatile media, removable and
non-removable media. By way of example, and not limita-
tion, computer-readable media may comprise computer stor-
age media and communication media. Computer storage
media includes both volatile and non-volatile, removable
and non-removable media implemented in any method or
technology for storage of information such as computer-
readable instructions, data structures, program modules or
other data.

Computer storage media includes RAM, ROM,
EEPROM, flash memory or other memory technology, CD-
ROM, Digital Versatile Disks (DVD) or other optical disk
storage, magnetic cassettes, magnetic tape, magnetic disk
storage or other magnetic storage devices. Computer storage
media does not comprise a propagated data signal. Commu-
nication media typically embodies computer-readable
instructions, data structures, program modules or other data
in a modulated data signal such as a carrier wave or other
transport mechanism and includes any information delivery
media. The term “modulated data signal” means a signal that
has one or more of its characteristics set or changed in such
a manner as to encode information in the signal. By way of
example, and not limitation, communication media includes
wired media such as a wired network or direct-wired con-
nection, and wireless media such as acoustic, RF, infrared
and other wireless media. Combinations of any of the above
should also be included within the scope of computer-
readable media.

The memory 2434 may include computer-storage media
in the form of volatile and/or non-volatile memory. The
memory 2434 may be removable, non-removable, or a
combination thereof. Example memory includes solid-state
memory, hard drives, optical-disc drives, and etc. As illus-
trated in FIG. 24, The memory 2434 may store computer-
readable, computer-executable instructions 2432 (e.g., soft-
ware codes) that are configured to, when executed, cause the
processor 2428 to perform various functions described
herein, for example, with reference to FIGS. 1 through 23.
Alternatively, the instructions 2432 may not be directly
executable by the processor 2428 but be configured to cause
the node 2400 (e.g., when compiled and executed) to per-
form various functions described herein.

The processor 2428 (e.g., having processing circuitry)
may include an intelligent hardware device, e.g., a Central
Processing Unit (CPU), a microcontroller, an ASIC, and etc.
The processor 2428 may include memory. The processor
2428 may process the data 2430 and the instructions 2432
received from the memory 2434, and information through
the transceiver 2420, the base band communications mod-
ule, and/or the network communications module. The pro-
cessor 2428 may also process information to be sent to the
transceiver 2420 for transmission through the antenna 2436,
to the network communications module for transmission to
a core network.

One or more presentation components 2438 presents data
indications to a person or other device. Examples of pre-
sentation components 2438 may include a display device,
speaker, printing component, vibrating component, etc.

From the above description, it is manifested that various
techniques may be used for implementing the concepts
described in the present application without departing from
the scope of those concepts. Moreover, while the concepts
have been described with specific reference to certain imple-
mentations, a person of ordinary skill in the art may recog-
nize that changes may be made in form and detail without
departing from the scope of those concepts. As such, the
described implementations are to be considered in all
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respects as illustrative and not restrictive. It should also be
understood that the present application is not limited to the
particular implementations described above, but many rear-
rangements, modifications, and substitutions are possible
without departing from the scope of the present disclosure.

What is claimed is:

1. A wireless communication device comprising:

a plurality of antenna panels;

a processor coupled to the plurality of antenna panels and

configured to:

maintain a plurality of leading time values, the plurality of

leading time values indicating a plurality of leading
time durations;

receive an indicator for antenna panel status information

from a base station (BS);

apply one of the plurality of leading time values to switch

an antenna panel status of the plurality of antenna
panels based on the indicator for antenna panel status
information;
receive a scheduling offset value from the BS, the sched-
uling offset value comprising at least one of a KO
parameter for a Downlink (DL) channel and a K2
parameter for an Uplink (UL) channel; and

determine that the scheduling offset value is invalid, when
a time duration indicated by the scheduling offset value
is less than a leading time duration indicated by the
applied leading time value.

2. The wireless communication device of claim 1,
wherein the processor is further configured to:

receive a timer from the BS; and

switch the antenna panel status from a first antenna panel

status to a second antenna panel status after the timer
expires.

3. The wireless communication device of claim 2,
wherein the timer expires when one of a Discontinuous
Reception (DRX) inactivity timer expires and the wireless
communication device enters one of a DRX off-period and
a sleep mode.

4. The wireless communication device of claim 1,
wherein the processor is further configured to:

transmit an antenna panel status report to inform the BS

of the switch of the antenna panel status.

5. The wireless communication device of claim 4,
wherein the antenna panel status report is contained in one
of a beam report and a Channel State Information (CSI)
report.

6. The wireless communication device of claim 4,
wherein the antenna panel status report comprises a single-
bit Information Element (IE), and the processor is further
configured to:

set the single-bit IE to a first value to indicate that a power

saving mode is enabled; and

set the single-bit IE to a second value to indicate that the

power saving mode is disabled,

wherein a total number of turned-on antenna panels in the

plurality of antenna panels when the power saving
mode is enabled is less than a total number of turned-on
antenna panels in the plurality of antenna panels when
the power saving mode is disabled.

7. The wireless communication device of claim 4,
wherein the antenna panel status report comprises a mul-
tiple-bit Information Element (IE), and the processor is
further configured to:

set the multiple-bit IE to a particular value associated with

a particular number of the plurality of antenna panels
being turned on.

32

8. The wireless communication device of claim 1,
wherein the indicator for antenna panel status information
comprises a single-bit Information Element (IE), and the
processor is further configured to:

5 enable a power saving mode when the single-bit IE is set
to a first value; and

disable the power saving mode when the single-bit IE is

set to a second value,

wherein a total number of turned-on antenna panels in the

10 plurality of antenna panels when the power saving
mode is enabled is less than a total number of turned-on
antenna panels in the plurality of antenna panels when
the power saving mode is disabled.

s 9 The wireless communication device of claim 1,

wherein the indicator for antenna panel status information
comprises a multiple-bit Information Element (IE), and the
processor is further configured to:

turn on a particular number of the plurality of antenna

panels when the multiple-bit IE is set to a particular
value.

10. The wireless communication device of claim 1,
wherein the indicator for antenna panel status information is
contained in a Transmission Configuration Indicator (TCI)
state Identity (ID) indicated by the BS.

11. The wireless communication device of claim 1,
wherein the plurality of leading time values is one of
cell-specific values and cell group-specific values.

12. The wireless communication device of claim 1,
wherein the processor is further configured to:

switch the antenna panel status from a first antenna panel

status to a second antenna panel status in response to
receiving the indicator for antenna panel status infor-
mation; and

25

. automatically switch the antenna panel status from the
second antenna panel status to a third antenna panel
status without further reception of an indicator for
antenna panel status information from the BS.

40  13. The wireless communication device of claim 1,

wherein the processor is further configured to:

enable a power saving mode when the wireless commu-
nication device operates in a Discontinuous Reception
(DRX) active time; and

disable the power saving mode when the wireless com-
munication device operates in a DRX inactive time,

wherein a total number of turned-on antenna panels in the
plurality of antenna panels when the power saving
mode is enabled is less than a total number of turned-on
antenna panels in the plurality of antenna panels when
the power saving mode is disabled.

14. The wireless communication device of claim 1,

wherein the processor is further configured to:

enable a power saving mode based on whether the wire-
less communication device operates in a particular
Bandwidth Part (BWP),

wherein:

a total number of turned-on antenna panels in the plurality
of antenna panels when the power saving mode is
enabled is less than a total number of turned-on antenna
panels in the plurality of antenna panels when the
power saving mode is disabled; and

the particular BWP is one of a default BWP, an initial
BWP, and a first active BWP.

15. A method performed by a wireless communication

device for operating a plurality of antenna panels, the
method comprising:
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maintaining a plurality of leading time values, the plural-
ity of leading time values indicating a plurality of
leading time durations;

receiving an indicator for antenna panel status informa-

tion from a base station (BS);

applying one of the plurality of leading time values to

switch an antenna panel status of the plurality of
antenna panels based on the indicator for antenna panel
status information;
receiving a scheduling offset value from the BS, the
scheduling offset value comprising at least one of a KO
parameter for a Downlink (DL) channel and a K2
parameter for an Uplink (UL) channel; and

determining that the scheduling offset value is invalid,
when a time duration indicated by the scheduling offset
value is less than a leading time duration indicated by
the applied leading time value.

16. The method of claim 15, further comprising:

receiving a timer from the BS; and

switching the antenna panel status from a first antenna

panel status to a second antenna panel status after the
timer expires.

17. The method of claim 16, wherein the timer expires
when one of a Discontinuous Reception (DRX) inactivity
timer expires and the wireless communication device enters
one of a DRX off-period and a sleep mode.

18. The method of claim 15, further comprising:

transmitting an antenna panel status report to inform the

BS of the switch of the antenna panel status.

19. The method of claim 18, wherein the antenna panel
status report is contained in one of a beam report and a
Channel State Information (CSI) report.

20. The method of claim 18, wherein the antenna panel
status report comprises a single-bit Information Element
(IE), and the method further comprises:

setting the single-bit IE to a first value to indicate that a

power saving mode is enabled; and

setting the single-bit IE to a second value to indicate that

the power saving mode is disabled;

wherein a total number of turned-on antenna panels in the

plurality of antenna panels when the power saving
mode is enabled is less than a total number of turned-on
antenna panels in the plurality of antenna panels when
the power saving mode is disabled.

21. The method of claim 18, wherein the antenna panel
status report comprises a multiple-bit Information Element
(IE), and the method further comprises:

setting the multiple-bit IE to a particular value associated

with a particular number of the plurality of antenna
panels being turned on.

22. The method of claim 15, wherein the indicator for
antenna panel status information comprises a single-bit
Information Element (IE), and the method further com-
prises:

enabling a power saving mode when the single-bit IE is

set to a first value; and
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disabling the power saving mode when the single-bit IE is
set to a second value,

wherein a total number of turned-on antenna panels in the
plurality of antenna panels when the power saving
mode is enabled is less than a total number of turned-on
antenna panels in the plurality of antenna panels when
the power saving mode is disabled.

23. The method of claim 15, wherein the indicator for
antenna panel status information comprises a multiple-bit
Information Element (IE), and the method further com-
prises:

turning on a particular number of the plurality of antenna
panels when the multiple-bit IE is set to a particular
value.

24. The method of claim 15, wherein the indicator for
antenna panel status information is contained in a Transmis-
sion Configuration Indicator (TCI) state Identity (ID) indi-
cated by the BS.

25. The method of claim 15, wherein the plurality of
leading time values is one of cell-specific values and cell
group-specific values.

26. The method of claim 15, further comprising:

switching the antenna panel status from a first antenna
panel status to a second antenna panel status in
response to receiving the indicator for antenna panel
status information; and

automatically switch the antenna panel status from the
second antenna panel status to a third antenna panel
status without further reception of an indicator for
antenna panel status information from the BS.

27. The method of claim 15, further comprising:

enabling a power saving mode when the wireless com-
munication device operates in a Discontinuous Recep-
tion (DRX) active time; and

disabling the power saving mode when the wireless
communication device operates in a DRX inactive
time,

wherein a total number of turned-on antenna panels in the
plurality of antenna panels when the power saving
mode is enabled is less than a total number of turned-on
antenna panels in the plurality of antenna panels when
the power saving mode is disabled.

28. The method of claim 15, further comprising:

enabling a power saving mode based on whether the
wireless communication device operates in a particular
Bandwidth Part (BWP),

wherein:

a total number of turned-on antenna panels in the plurality
of antenna panels when the power saving mode is
enabled is less than a total number of turned-on antenna
panels when the power saving mode is disabled; and

the particular BWP is one of a default BWP, an initial
BWP, and a first active BWP.
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METHOD AND APPARATUS FOR MULTIPLE
TRANSMIT/RECEIVE POINT (TRP)
OPERATIONS

CROSS-REFERENCE TO RELATED
APPLICATION(S)

The present application claims the benefit of and priority
to a provisional U.S. Patent Application Ser. No. 62/754,706
filed on Nov. 2, 2018, entitled “Procedure for Multiple
Transmit/Receive Point,” (hereinafter referred to as
“US75391 application”). The disclosure of the US75391
application is hereby incorporated fully by reference into the
present application.

FIELD

The present disclosure generally relates to wireless com-
munications, and more particularly, to methods and appara-
tuses for multiple Transmit/Receive Point (TRP) operations.

BACKGROUND

Various efforts have been made to improve different
aspects of wireless communications (e.g., data rate, latency,
reliability, mobility, etc.) for the next generation (e.g., Fifth
Generation (5G) New Radio (NR)) wireless communication
systems. Among the new concepts in the next generation
wireless communication systems, leveraging multiple TRPs
may be vital to improve coverage, reliability, and capacity
performance of the system. For example, in order to support
the growth in data traffic in 5G and to enhance the coverage,
the wireless devices may be expected to access networks
composed of multiple TRPs.

However, in the current multi-TRP environment, all TRPs
in a cell may have the same cell Identity (ID), which means
a User Equipment (UE) may not be able to distinguish these
TRPs from each other if there is no further identification or
information for each TRP.

Therefore, there is a need in the art for an improved
communication mechanism for multiple TRP operations.

SUMMARY

The present disclosure is directed to methods and appa-
ratuses for multi-TRP operations.

According to an aspect of the present disclosure, a UE is
provided. The UE includes one or more non-transitory
computer-readable media having computer-executable
instructions embodied thereon and at least one processor
coupled to the one or more non-transitory computer-read-
able media. The at least one processor is configured to
execute the computer-executable instructions to receive
Transmission Configuration Indicator (TCI) state data in a
Physical Download Control Channel (PDCCH) determining
multiple Physical Downlink Shared Channels (PDSCHs),
where the TCI state data is associated with multiple
Demodulation Reference Signal (DMRS) port groups. The
processor is further configured to obtain multiple Quasi
Co-Location (QCL) assumptions for receiving the PDSCHs
based on the DMRS port groups associated with the TCI
state data.

According to another aspect of the present disclosure, a
method of wireless communications is provided. The
method includes receiving, by a UE, TCI state data in a
PDCCH determining multiple PDSCHs, where the TCI state
data is associated with a multiple DMRS port groups. The
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method further includes obtaining, by the UE, multiple QCL
assumptions for receiving the PDSCHs based on the DMRS
port groups associated with the TCI state data.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the
accompanying figures. Various features are not drawn to
scale. Dimensions of various features may be arbitrarily
increased or reduced for clarity of discussion.

FIG. 1 is a schematic diagram illustrating a multi-TRP
system, in accordance with example implementations of the
present application.

FIG. 2 is a flowchart for a process of multi-TRP opera-
tions, in accordance with example implementations of the
present application.

FIG. 3 is a schematic diagram illustrating multiple
PDSCHs determined from a single PDCCH, in accordance
with example implementations of the present application.

FIG. 4 is a flowchart for a process of identifying a
secondary TRP (sTRP), in accordance with example imple-
mentations of the present application.

FIG. 5 is a flowchart for a process of multi-TRP opera-
tions, in accordance with example implementations of the
present application.

FIG. 6 is a block diagram illustrating a node for wireless
communication, in accordance with example implementa-
tions of the present application.

DETAILED DESCRIPTION

The following description contains specific information
pertaining to example implementations in the present dis-
closure. The drawings in the present disclosure and their
accompanying detailed description are directed to merely
example implementations. However, the present disclosure
is not limited to merely these example implementations.
Other variations and implementations of the present disclo-
sure will occur to those skilled in the art. Unless noted
otherwise, like or corresponding elements among the figures
may be indicated by like or corresponding reference numer-
als. Moreover, the drawings and illustrations in the present
disclosure are generally not to scale and are not intended to
correspond to actual relative dimensions.

For the purpose of consistency and ease of understanding,
like features may be identified (although, in some examples,
not shown) by the same numerals in the example figures.
However, the features in different implementations may be
differed in other respects, and thus shall not be narrowly
confined to what is shown in the figures.

The description uses the phrases “in one implementation,”
or “in some implementations,” which may each refer to one
or more of the same or different implementations. The term
“coupled” is defined as connected, whether directly or
indirectly through intervening components, and is not nec-
essarily limited to physical connections. The term “compris-
ing,” when utilized, means “including, but not necessarily
limited to”; it specifically indicates open-ended inclusion or
membership in the so-described combination, group, series
and the equivalent. The expression “at least one of A, B and
C” or “at least one of the following: A, B and C” means
“only A, or only B, or only C, or any combination of A, B
and C.”

Additionally, for the purposes of explanation and non-
limitation, specific details, such as functional entities, tech-
niques, protocols, standard, and the like are set forth for
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providing an understanding of the described technology. In
other examples, detailed description of well-known meth-
ods, technologies, systems, architectures, and the like are
omitted so as not to obscure the description with unneces-
sary details.

Persons skilled in the art will immediately recognize that
any network function(s) or algorithm(s) described in the
present disclosure may be implemented by hardware, soft-
ware or a combination of software and hardware. Described
functions may correspond to modules which may be soft-
ware, hardware, firmware, or any combination thereof. The
software implementation may comprise computer execut-
able instructions stored on computer readable medium such
as memory or other type of storage devices. For example,
one Or more MICroprocessors or general-purpose computers
with communication processing capability may be pro-
grammed with corresponding executable instructions and
carry out the described network function(s) or algorithm(s).
The microprocessors or general-purpose computers may be
formed of Applications Specific Integrated Circuitry
(ASIC), programmable logic arrays, and/or using one or
more Digital Signal Processor (DSPs). Although some of the
example implementations described in this specification are
oriented to software installed and executing on computer
hardware, nevertheless, alternative example implementa-
tions implemented as firmware or as hardware or combina-
tion of hardware and software are well within the scope of
the present disclosure.

The computer readable medium includes but is not limited
to Random Access Memory (RAM), Read Only Memory
(ROM), Erasable Programmable Read-Only Memory
(EPROM), Electrically Erasable Programmable Read-Only
Memory (EEPROM), flash memory, Compact Disc Read-
Only Memory (CD-ROM), magnetic cassettes, magnetic
tape, magnetic disk storage, or any other equivalent medium
capable of storing computer-readable instructions.

A radio communication network architecture (e.g., a Long
Term Evolution (LTE) system, an LTE-Advanced (LTE-A)
system, an ['TE-Advanced Pro system, or a 5G New Radio
(NR) Radio Access Network (RAN)) typically includes at
least one Base Station (BS), at least one User Equipment
(UE), and one or more optional network elements that
provide connection towards a network. The UE communi-
cates with the network (e.g., a Core Network (CN), an
Evolved Packet Core (EPC) network, an Evolved Universal
Terrestrial Radio Access Network (E-UTRAN), a 5G Core
(5GC), or an internet), through a RAN established by one or
more BSs.

It should be noted that, in the present application, a UE
may include, but is not limited to, a mobile station, a mobile
terminal or device, a user communication radio terminal. For
example, a UE may be a portable radio equipment, which
includes, but is not limited to, a mobile phone, a tablet, a
wearable device, a sensor, a vehicle, or a Personal Digital
Assistant (PDA) with wireless communication capability.
The UE is configured to receive and transmit signals over an
air interface to one or more cells in a radio access network.

A BS may be configured to provide communication
services according to at least one of the following Radio
Access Technologies (RATs): Worldwide Interoperability
for Microwave Access (WiMAX), Global System for
Mobile communications (GSM, often referred to as 2G),
GSM Enhanced Data rates for GSM Evolution (EDGE)
Radio Access Network (GERAN), General Packet Radio
Service (GPRS), Universal Mobile Telecommunication Sys-
tem (UMTS, often referred to as 3G) based on basic Wide-
band-Code Division Multiple Access (W-CDMA), High-
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Speed Packet Access (HSPA), LTE, LTE-A, eLTE (evolved
LTE, e.g., LTE connected to SGC), NR (often referred to as
5@G), and/or LTE-A Pro. However, the scope of the present
application should not be limited to the above-mentioned
protocols.

A BS may include, but is not limited to, a node B (NB) as
in the UMTS, an evolved Node B (eNB) as in the LTE or
LTE-A, a Radio Network Controller (RNC) as in the UMTS,
a Base Station Controller (BSC) as in the GSM/GERAN, a
ng-eNB as in an Evolved Universal Terrestrial Radio Access
(E-UTRA) BS in connection with the 5GC, a next genera-
tion Node B (gNB) as in the 5G-RAN, and any other
apparatus capable of controlling radio communication and
managing radio resources within a cell. The BS may serve
one or more UEs through a radio interface.

The BS is operable to provide radio coverage to a specific
geographical area using a plurality of cells forming the radio
access network. The BS supports the operations of the cells.
Each cell is operable to provide services to at least one UE
within its radio coverage. More specifically, each cell (often
referred to as a serving cell) provides services to serve one
or more UEs within its radio coverage (e.g., each cell
schedules the downlink and optionally uplink resources to at
least one UE within its radio coverage for downlink and
optionally uplink packet transmissions). The BS can com-
municate with one or more UEs in the radio communication
system through the plurality of cells. A cell may allocate
Sidelink (SL) resources for supporting Proximity Service
(ProSe) or Vehicle to Everything (V2X) service. Each cell
may have overlapped coverage areas with other cells.

As discussed above, the frame structure for NR is to
support flexible configurations for accommodating various
next generation (e.g., 5G) communication requirements,
such as Enhanced Mobile Broadband (eMBB), Massive
Machine Type Communication (mMTC), Ultra-Reliable and
Low-Latency Communication (URLLC), while fulfilling
high reliability, high data rate and low latency requirements.
The Orthogonal Frequency-Division Multiplexing (OFDM)
technology as agreed in the 3’ Generation Partnership
Project (3GPP) may serve as a baseline for NR waveform.
The scalable OFDM numerology, such as the adaptive
sub-carrier spacing, the channel bandwidth, and the Cyclic
Prefix (CP) may also be used. Additionally, two coding
schemes are considered for NR: (1) Low-Density Parity-
Check (LDPC) code and (2) Polar Code. The coding scheme
adaptation may be configured based on the channel condi-
tions and/or the service applications.

Moreover, it is also considered that in a transmission time
interval TX of a single NR frame, a Downlink (DL) trans-
mission data, a guard period, and an Uplink (UL) transmis-
sion data should at least be included, where the respective
portions of the DL transmission data, the guard period, the
UL transmission data should also be configurable, for
example, based on the network dynamics of NR. In addition,
SL resources may also be provided in an NR frame to
support ProSe services or V2X services.

In addition, the terms “system” and “network’ herein may
be used interchangeably. The term “and/or” herein is only an
association relationship for describing associated objects,
and represents that three relationships may exist. For
example, A and/or B may indicate that: A exists alone, A and
B exist at the same time, or B exists alone. In addition, the
character “/”” herein generally represents that the former and
latter associated objects are in an “or” relationship.

FIG. 1 is a schematic diagram illustrating a multi-TRP
system 100, in accordance with example implementations of
the present application. As shown in FIG. 1, the multi-TRP
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system 100 includes a UE 102, a BS 104, and TRPs 106 and
108. It should be noted that even though two TRPs are
included in the example implementation illustrated in FIG.
1, any number of TRPs may communicate with the UE in
some other implementations. In addition, each TRP may
communicate with the BS 104 through a wired or wireless
connection.

The TRPs 106 and 108 may be macro-cells, small-cells,
pico-cells, femto-cells, Remote Radio Heads (RRHs), relay
nodes or antenna panels, which may be deployed anywhere
such as in the interior of a room, in/on a building, on top of
a house or streetlamps. The UE 102 may connect to the BS
104 through the TRPs 106 and 108.

Each of the TRPs 106 and 108 may have one or more
antenna panels to provide directional beams towards the UE
102. The antenna panels distributed on the TRPs may be
jointly used in the data transmissions to the UE, thereby
forming a Multi-Input Multi-Output (MIMO) system.

FIG. 2 is a flowchart for a process of multi-TRP opera-
tions, in accordance with example implementations of the
present application.

In action 202, the UE may receive TCI state data in a
PDCCH determining multiple PDSCHs. The TCI state data
may be associated with multiple DMRS port groups. In
action 204, the UE may obtain multiple QCL assumptions
for receiving the PDSCHs based on the DMRS port groups
associated with the TCI state data.

The QCL assumptions may include different parameters,
such as the spatial-domain QCL parameters (e.g., QCL
TypeD parameter), or other QCL parameters such as, at least
one of the average delay, the delay spread, the Doppler shitt,
and the Doppler spread. For example, each QCL assumption
may include at least one of a time-domain QCL parameter,
a frequency-domain QCL parameter, and a spatial-domain
QCL parameter.

In some of the present implementations, the UE may
identify different TRPs (e.g., the TRPs 106 and 108 in FIG.
1) based on the QCL assumptions.

In some of the present implementations, each QCL
assumption may correspond to one of the DMRS port groups
associated with the TCI state data. For example, the QCL
assumptions and the DMRS port groups may have a one-
to-one mapping relationship. In some of the present imple-
mentations, the UE may receive the DMRS port groups
corresponding to the PDSCHs via a Radio Resource Control
(RRC) signaling.

In some of the present implementations, the mapping
relationship between the QCL assumptions and the DMRS
port groups may be modified. For example, the UE may
receive an instruction for indicating a relationship (e.g., a
mapping relationship) between the QCL assumptions and
the DMRS port groups via a Medium Access Control
(MAC) Control Element (CE), Downlink Control Informa-
tion (DCI), or an RRC signaling. In some of the present
implementations, indicating the relationship between the
QCL assumptions and the DMRS port groups may include
at least one of modifying, adding, deleting, and selecting the
relationship between the QCL assumptions and the DMRS
port groups. In some other implementations, the UE may be
configured with a timer, and the mapping relationship
between the QCL assumptions and the DMRS port groups
may be modified when the timer expires.

In some of the present implementations, the TCI state of
a DL channel (e.g., a PDCCH or a PDSCH) may include
multiple QCL Reference Signal (RS) sets, and each QCL RS
set may correspond to one DMRS port group. For example,
the TCI state data may correspond to a TCI state configu-
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ration that includes multiple QCL RS sets, and each of the
QCL RS sets may correspond to one of the DMRS port
groups associated with the TCI state data.

FIG. 3 is a schematic diagram illustrating multiple
PDSCHs determined from a single PDCCH, in accordance
with example implementations of the present application. As
shown in FIG. 3, the UE may receive DCI that contains a
TCI state data (e.g., a TCI code point) from the PDCCH 302.
After successfully decoding the TCI code point, the UE may
obtain multiple TCI states each being associated with one
DMRS port group. For example, each TCI state may contain
parameters for configuring the QCL relationship between
the DL/UL RS(s) and the DM-RS port(s) of a corresponding
PDSCH. The QCL relationship may be configured by higher
layer parameters, such as qcl-Typel and qcl-Type2. In
addition, the QCL type (e.g., QCL-TypeA, QCL-TypeB,
QCL-TypeC and QCL-TypeD) corresponding to each DL
RS may be given by a higher layer parameter (e.g., qcl-Type)
in the QCL assumption/information. In some other imple-
mentations, the TCI state data may be a TRP index that is
configured per a cell/Component Carrier (CC), or Band-
width Part (BWP) basis.

In the example implementation, the UE may derive mul-
tiple PDSCHs based on the DMRS port groups associated
with the TCI state data in the DCI, because each DMRS port
group may correspond to one PDSCH. As shown in FIG. 3,
if the TCI state data is associated with DMRS port group #1
and DMRS port group #2, which are configured by the BS
via an RRC signaling, the UE may then determine the QCL
assumptions for PDSCH #1 304 and PDSCH #2 306 based
on the DMRS port group #1 and DMRS port group #2,
respectively. Each of the PDSCHs (e.g., PDSCH #1 304 and
PDSCH #2 306) derived from the PDCCH 302 may corre-
spond to a TRP. As shown in FIG. 3, the PDSCH #1 304 and
PDSCH #2 306 may be associated with TRPs 308 and 310,
respectively. In some of the present implementations, after
determining the QCL assumptions for the PDSCH #1 304
and the PDSCH #2 306, the UE may use them to identify the
TRPs 308 and 310.

In some other implementations, the DCI in the PDCCH
302 may schedule a single PDSCH (not illustrated in FIG.
3), and the TRPs 308 and 310 may correspond to different
transmission layers of this PDSCH. Each transmission layer
may correspond to a data stream from a TRP.

In some of the present implementations, when a UE
performs an initial access procedure successfully, the UE
may obtain the resource(s) of a Downlink (DL)/Uplink (UL)
channel/beam for communicating with the BS through a
certain TRP. This TRP may be referred to as an initial access
TRP. In some of the present implementations, the resource
of a DL channel/beam may be a Synchronization Signal
(SS)/Physical Broadcast Channel (PBCH) Block (SSB), and
the UL channel/beam may be a Physical Random Access
Channel (PRACH). The UE may select the SSB through a
random access procedure, and use the corresponding
resources (e.g., which are configured with the same spatial
QCL (sQCL) assumption as the selected SSB) to perform
channel/beam measurements.

In some of the present implementations, the UE may be
configured with resources that are orthonormal to the SSB to
perform the channel/beam measurements.

In some of the present implementations, a TRP may be
classified as a primary TRP (pTRP) or a secondary TRP
(sTRP) for further operations. For example, the UE may
adopt different time-domain behaviors (e.g., the aperiodic/
semi-persistent/periodic reporting behavior) to report Chan-
nel State Information (CSI)/beam measurement results to the
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pTRP(s) and sTRP(s). For example, the UE may adopt a
periodic or semi-persistent reporting process with respect to
the RS resource(s) coming from the pTRP, and apply an
aperiodic reporting process with respect to the RS
resource(s) coming from the sTRP.

In some of the present implementations, the UE may
perform Beam Management (BM) procedures based on the
network-configured resources. The UE may report the mea-
surement results to the BS to help the BS to determine the
primary communication link (e.g., including the pTRP) to
the UE. For example, the BS may schedule a qualified
resource (e.g., a beam/channel with a quality value exceed-
ing a predetermined threshold) as the primary communica-
tion link to the UE. In this case, the TRP transmitting the
qualified resource may be deemed as the pTRP.

In some of the present implementations, the UE may be
notified to change its pTRP if the quality of the resource
from the original pTRP changes. It should be noted that the
number of the qualified resources and the pTRPs may be
arbitrary.

In some of the present implementations, one or more
antenna panels may be embedded in a single TRP. Each
antenna panel may transmit at least one resource (beam/
channel) in a time unit.

In some of the present implementations, the pTRP may be
determined in an implicit way. For example, a TRP at which
a specific resource is transmitted may be determined as a
pTRP. The specific resource may include at least one of an
SSB, a Channel State Information Reference Signal (CSI-
RS), a Sounding Reference Signal (SRS), a PDCCH, a
PDCCH that Control Resource Set (CORESET) #0 or search
space #0 is located, a broadcast signal (e.g., a PBCH), a
PDSCH of Remaining Minimum System Information
(RMSI), and a beam/channel having a quality that exceeds
a predetermined threshold. In some other implementations,
the pTRP for the UE may be determined in an explicit way.
For example, the BS may indicate one or more pTRPs to the
UE via an RRC signaling, a MAC-CE or DCI.

In some of the present implementations, for those TRPs
that are not selected as the pTRP(s), they may be determined
as sTRPs for the UE if these TRPs satisfy certain
condition(s), as shown in FIG. 4.

FIG. 4 is a flowchart for a process of identifying an sTRP,
in accordance with example implementations of the present
application. In action 402, the UE may obtain a first signal
quality value (Q1) for a first resource from a pTRP. In action
404, the UE may obtain a second signal quality value (Q2)
for a second resource from a candidate sTRP. The values, Q1
and Q2, may be (but not limited to) Layer 1 (L1)-Reference
Signals Received Power (RSRP) values, L1-Reference Sig-
nals Received Quality (RSRQ) values, [.1-Signal to Inter-
ference plus Noise Ratio (SINR) values, RSRP values,
RSRQ values, SINR values, or any combination thereof.

In action 406, the UE may determine whether the differ-
ence between Ql and Q2 is less than, or equal to, a
predetermined threshold (TH). In some of the present imple-
mentations, the predetermined threshold TH may be con-
figured by the BS.

If the outcome of action 406 is “yes”, the UE, in action
408, may transmit a first report to inform the BS that the
candidate sTRP associated with the second resource is
qualified to pair with the pTRP. In response to the first
report, the BS may add this candidate sTRP as an sTRP for
the UE, and inform the UE of the information of the pTRP(s)
and/or sTRP(s). Conversely, if the outcome of action 406 is
“no”, the UE, in action 410, may transmit a second report to
inform the BS that the candidate sTRP associated with the
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second resource is not qualified to pair with the pTRP. In this
case, the BS may decide not to add this candidate sTRP as
an sTRP for the UE.

In some of the present implementations, the first and
second resources described in actions 402 and 404 may be
composite resources. A composite resource may be the first
one (or a predetermined one) of the resources in a resource
set that is configured for the TRP, or a union resource among,
all the resource(s) in the resource set, or a resource corre-
sponding to a statistical average beam direction of the TRP.
The UE may receive the composite resource of a composite
beam/channel from each TRP based on a corresponding
QCL assumption. In some of the present implementations,
the composite resource may be a TRP-specific resource or a
cell-specific resource if the composite resource is compos-
ited by at least one SSB resource. Conversely, if the com-
posite resource is not composited by any SSB resource, the
composite resource may be a UE-specific resource. In some
of the present implementations, the composite resource may
be transmitted in a broadcast manner, and compared to a
resource that is used in a single-TRP BM procedure, the
composite resource may correspond to a wider beam.

Using the composite resources may help the UE perform
multi-TRP measurements more efficiently, because the UE
may only need to measure one resource (composite
resource) for each TRP at the beginning of the measurement.

In some of the present implementations, when several
TRPs are distributed around the UE, the UE may be con-
figured with a composite resource set. Each composite
resource in the composite resource set may represent an
average beam direction of an individual TRP. In this manner,
the UE may report suitable TRP pairs to the BS quickly.

In some of the present implementations, once the pTRP(s)
and sTRP(s) are determined, the BS may collect these
pTRP(s) and sTRP(s) in a serving TRP set, and inform the
UE of this serving TRP set via RRC signaling, a MAC CE,
DCI, or any combination thereof.

In some of the present implementations, a variation in
beam/channel quality may lead to a change in the configu-
ration of the pTRP(s) and/or sTRP(s). For example, when
the BS detects that the TRP with the best/qualified beam
quality has changed, the BS may instruct the UE to modify/
select the related configurations of the pTRP(s) and/or
sTRP(s) to change the pTRP(s) and/or sTRP(s).

In some of the present implementations, the UE may
receive a trigger event with a predetermined offset from the
BS. The UE may determine whether the difference between
the beam/channel quality of the pTRP and that of the sTRP
exceeds this predetermined offset. If the determination’s
result is positive, the UE may transmit a report to request the
BS to modify/select the related configurations of the
pTRP(s) and/or sTRP(s).

In some of the present implementations, the UE may
monitor the CORESET of a TRP based on a QCL assump-
tion that is made for monitoring a PDCCH that schedules
multiple PDSCHs. In this case, each PDSCH may be trans-
mitted from a separate TRP. In some other implementations,
the UE may monitor the CORESET of a TRP based on a
QCL assumption that is made for monitoring a PDCCH that
schedules a single PDSCH. In this case, different transmis-
sion layers of this PDSCH may be transmitted by the
respective TRPs. In some other implementations, the UE
may monitor the CORESET of a TRP based on multiple
QCL assumptions that are made for monitoring multiple
PDCCHs, each scheduling a PDSCH, and each NR-PDSCH
may be transmitted from a separate TRP. In some other
implementations, the UE may monitor the CORESET of a
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TRP based on multiple QCL assumptions that are made for
monitoring multiple PDCCHs, each scheduling a PDSCH,
and each NR-PDSCH may be transmitted from a separate
TRP.

FIG. 5 is a flowchart for a process of multi-TRP opera-
tions, in accordance with example implementations of the
present disclosure.

In action 502, an initial access TRP is setup after the UE
successfully performs an initial access procedure. For
example, after successfully performing the initial access
procedure, the UE may get a DL/UL resource (e.g., channel/
beam) to communicate with the BS through a TRP. This TRP
may be set as the initial access TRP for the UE. The initial
access TRP may be used as a pTRP from the UE’s perspec-
tive.

In action 504, the UE may receive configuration(s) for
channel/beam measurement(s). For example, the UE may
receive the configurations of K (e.g., K=0, 1, 2, . . . )
resource(s) and/or L. (e.g., L=0, 1, 2, . . . ) resource for
channel/beam measurements. The UE may apply the same
QCL assumption as the SSB on which the UE camps during
the random access procedure to receive the K resource(s). In
addition, the L resource(s) may be orthonormal to the SSB
on which the UE camps during the random access proce-
dure. In some of the present implementations, the resources
in the same resource set may have the same time-domain
behavior, and each RS may correspond to a channel/beam of
a TRP.

In action 506, the UE may perform channel/beam mea-
surement(s) according to the configuration. For example, the
UE may perform the channel/beam measurement(s) accord-
ing to the configuration(s) of the K and/or L resource(s). The
UE may obtain the channel/beam statues/quality informa-
tion (e.g. L1-RSRP, L1-RSRQ, L1-SINR, RSRP, RSRQ,
SINR, or any combination thereof) from the channel/beam
measurement. In some of the present implementations, the
spatial domain filter information for receiving each DL
resource may be obtained from the measurement. The spatial
domain information may include at least one Receive (RX)
radiation pattern and/or RX panel.

In some of the present implementations, the UE may
report at least one of the resource indicator (or beam index),
the measurement metric information, and the correlation
information according to the configuration(s) obtained in
action 504. The resource indicator may be, but not limited to,
an SSB resource indicator (if the resource is an SSB), a
CSI-RS resource indicator (if the resource is a CSI-RS), a
DMRS resource indicator (if the resource is a DMRS), or an
SRS resource indicator. The measurement metric informa-
tion may be, but not limited to, an L1-RSRP, an L1-RSRQ,
an L1-SINR, a RSRP, a RSRQ, an SINR, or any combination
thereof. In some of the present implementations, the mea-
surement metric information that is related to a resource may
be differentially encoded with respective to another
resource. For example, a differential L1-RSRP offset level
for the 2”? measured resource may be obtained by subtract-
ing L1-RSRP #1 from [L1-RSRP #2, where [L1-RSRP #1 is
an L1-RSRP obtained from the 1°* resource measurement,
and L1-RSRP #2 is an L1-RSRP obtained from the 2"¢
resource measurement. The correlation information may
include a correlation factor/indicator that indicates the spa-
tial correlation between two or more observed resources. In
some of the present implementations, the UE may compare
the spatial correlation factor/indicator with a correlation
threshold to determine whether the spatial correlation
between the observed resources is high or not. The corre-
lation threshold may be configured by the BS or determined
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based on the UE’s implementations. The UE may be
instructed to report the highest and/or lowest spatial corre-
lation factor/indicator. In some of the present implementa-
tions, the correlation information may include at least one of
a high/low correlation indicator and the indicators of the
observed resources. The high/low correlation indicator may
be used for indicating that the spatial correlation between the
observed resources is high/low.

In some of the present implementations, the BS may
determine compatible resources for serving the TRPs, based
on the correlation information received from the UE, to
improve the spatial diversity/multiplexing performance. In
some of the present implementations, the correlation factor/
indicator may be obtained by calculating the Angle-of-
Arrival (AoA) related parameters for the channel/beams of
the RS resources from the TRPs.

In action 508, the UE may receive a message of a
multi-TRP indication (e.g., indicating the information of
pTRP(s) and/or sTRP(s)). For example, the message for
indicating the information of pTRP(s) may contain at least
one TCl-state indication that indicates a reference RS
resource for a DL control channel and/or an SSB selected
through the random access procedure. In this case, CORE-
SET #0 or search space #0 may be located in the reference
RS resource. In addition, the message for indicating the
information of sTRP(s) may include at least one TClI-state
indication that indicates at least one reference resource(s) for
the DL shared channel(s). In this case, the UE may know that
the TRP transmitting the indicated reference resource is an
sTRP. In some of the present implementations, the TCI-state
indication may correspond to one or more DMRS port
groups, and each DMRS port group ID may correspond to
a TRP ID.

In some of the present implementations, the target RS
port/resource group (e.g., the DMRS port group of a
PDSCH/PDCCH) may have the same QCL assumption as
that of the source TRP-RS resource, which means the UE
may assume that all ports/resources in the same target RS
port/resource group may be from the same TRP, while the
ports/resources in different target RS port/resource groups
may be from different TRPs.

In action 510, the UE may receive a message to terminate
the multi-TRP operation and/or reset the multi-TRP con-
figuration. For example, after receiving the message, the UE
may terminate, cancel, or reset at least one of the correlation
information of the reference RS resources among the TRPs,
the TRP setting (e.g., including the resource setting and/or
reporting setting), and the correspondence among the
DMRS ports, DMRS port groups, TCI states, and QCL
assumptions. In some of the present implementations, if
there is no UE-specific scheduling for a while (e.g., before
a timer expires), or a BWP switching happens, the UE may
release the previous setting/configuration.

In some of the present implementations, the configuration
that the UE receives in action 504 may be the composite
resource configuration for the composite beam/channel from
each TRP. The UE may perform channel/beam measure-
ments on the composite resources of the respective TRPs. In
this manner, the channel/beam measurements may be per-
formed more efficiently, because the UE may only need to
measure one resource (composite resource) for each TRP.

In some of the present implementations, the BS may
indicate at least one pTRP resource set to the UE through at
least one of the configuration of the pTRP, the predetermined
resource(s) associated with the pTRP ID, and the best
channel quality determined by the BS or UE.
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Case 6:22-ov-00328-A0A Document 2 Filed 03/28/22 Page 1ot it

AO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court Western District of Texas on the following

[] Trademarks or [M Patents. ( [] the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT
3/28/2022 Western District of Texas
PLAINTIFF DEFENDANT
TOGAIL TECHNOLOGIES LTD. APPLE INC.
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 10,743,238 8/11/2020 TOGAIL TECHNOLOGIES LTD.
2 10,791,502 9/29/2020 TOGAIL TECHNOLOGIES LTD.
3 10,972,972 4/6/2021 TOGAIL TECHNOLOGIES LTD.
4 11,115,165 9/7/2021 TOGAIL TECHNOLOGIES LTD.
5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:

DATE INCLUDED INCLUDED BY
0 Amendment ] Answer [ Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1

2

3

4

5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy te Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy
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Case 6:22-ov-00327-A0A  Document 2 Filed 03/28/22 Page 1ot it

AO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court Western District of Texas on the following

[] Trademarks or [M Patents. ( [] the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT
3/28/2022 Western District of Texas
PLAINTIFF DEFENDANT
TOGAIL TECHNOLOGIES LTD. GOOGLE INC.
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 10,743,238 8/11/2020 TOGAIL TECHNOLOGIES LTD.
2 10,791,502 9/29/2020 TOGAIL TECHNOLOGIES LTD.
3 10,972,972 4/6/2021 TOGAIL TECHNOLOGIES LTD.
4 11,115,165 9/7/2021 TOGAIL TECHNOLOGIES LTD.
5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:

DATE INCLUDED INCLUDED BY
0 Amendment ] Answer [ Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1

2

3

4

5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy te Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy
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Case 6:22-ov-00328-A0A Document 2 Filed 03/28/22 Page 1ot t

AO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court Western District of Texas on the following
[] Trademarks or [M Patents. ( [] the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
3/28/2022 Western District of Texas

PLAINTIFF DEFENDANT

TOGAIL TECHNOLOGIES LTD. SAMSUNG ELECTRONICS CO., LTD., SAMSUNG

ELECTRONICS AMERICA, INC.
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1 10,743,238 8/11/2020 TOGAIL TECHNOLOGIES LTD.

2 10,791,502 9/29/2020 TOGAIL TECHNOLOGIES LTD.

3 10,972,972 4/6/2021 TOGAIL TECHNOLOGIES LTD.

4 11,115,165 9/7/2021 TOGAIL TECHNOLOGIES LTD.

5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
0 Amendment ] Answer [ Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1

2

3

4

5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy te Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy
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Complete and send this form, together with the applicable fee(s), by mail or fax, or via EFS-Web.
By mail, send to: Mail Stop ISSUE FEE
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P.O.Box 1450
Alexandria, VA 22313-1450
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D Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature /A|VIn Koan/ Date 02/1 7/2021

Typed orprinted name - A lvin Koan Registration No. 8468
PTOL-85 Part B (08-18) Approved foruse through 01/31/2020 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

OMB 0651-0033

Ex.1002
APPLE INC. / Page 139 of 404



OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA)of 1995 requires Federal agencies to obtain Office of Management and Budget approval before requesting
most types of information from the public. When OMB approves an agency requestto collect information from the public, OMB (i) provides a
valid OMB Control Number and expiration date for the agency to display on the instrument that will be usedto collect the information and (ii)
requires the agency to inform the public aboutthe OMB Control Number’s legal significancein accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain or retaina benefit by the public
which is tofile (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is
estimated to take 30 minutesto complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will
vary depending upon the individual case. Any comments on the amount oftime you require to complete this form and/or suggestions for
reducing this burden, should be sent to the ChiefInformation Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box
1450, Alexandria, Virginia 22313-1450. DO NOTSEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O.
Box 1450, Alexandria, Virginia22313-1450.Under the Paperwork Reduction Act 0f1995, no persons are required to respond to a collection of
information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission ofthe attached form
related toa patent application or patent. Accordingly, pursuantto the requirements of the Act, please be advised that: (1) the general authority
for the collection ofthis information is 35 U.S.C. 2(b){2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for
which the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. Ifyou do not furnish the requested information, the U.S. Patent and Trademark Office may not be able to processand/or
examine your submission, whichmay result in termination of proceedings or abandonment ofthe application or expiration ofthe patent.

The information provided by you in this form will be subjectto the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552)
and the Privacy Act (5 U.S.C 552a). Records from this system of records may be disclosed to the Departmentof Justiceto determine
whether disclosure ofthese recordsis requiredby the Freedom of Information Act.

2. Arecord from this system ofrecords may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or
administrative tribunal, including disclosures to opposing counselin the course of settlement negotiations.

3. Arecordin this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involvingan
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject
matter ofthe record.

4. Arecordin this system of records may be disclosed, as a routine use, to a contractor ofthe Agency having need for the informationin
order to perform a contract. Recipients ofinformation shall be required to comply with the requirements of the Privacy Act 01974, as
amended, pursuant to 5 U.S.C. 552a(m).

5. Arecordrelatedtoan International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as
a routine use, to the International Bureau ofthe World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. Arecordin this system ofrecords may be disclosed, as a routine use, to another federalagency for purposes of National Security review
{35 U.S.C. 181)and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system ofrecords may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during aninspection of records conducted by GSA as part of that agency’s responsibility to recommend improvementsin records
management practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be madein accordance with the
GSA regulations governing inspection of records for this purpose,and any other relevant (i.e., GSA or Commerce) directive.Such
disclosure shall not be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either publication ofthe application pursuant
to 35 U.S.C. 122(b)orissuance ofa patent pursuant to 35 U.S.C. 151. Further,a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the publicifthe recordwas filed in an application which became abandoned or in which the proceedings
were terminated and which applicationisreferenced by either a published application, an application open to publicinspection oran
issued patent.

9. Arecord from this system ofrecords may be disclosed, as a routine use, to a Federal, State, or local law enforcementagency, ifthe
USPTO becomes aware of a violation or potentialviolation of law or regulation.
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Electronic Patent Application Fee Transmittal
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Filing Date:

15-Jul-2019
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METHODS AND APPARATUSES FOR OPERATING MULTIPLE ANTENNA PANELS

First Named Inventor/Applicant Name:

YU-HSIN CHENG

Filer:

Alvin Sean Koan

Attorney Docket Number:
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Application No. Applicant(s)

16/511,170 CHENG etal.
Response to Rule 312 Communication Examiner Art Unit | AIA (FITF) Status
JI-HAE YEA 2471 | Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

1. ¥ The amendment filed on 03 February 2021 under 37 CFR 1.312 has been considered, and has been:
a) entered.

b) J entered as directed to matters of form not affecting the scope of the invention.

c)[J disapproved because the amendment was filed after the payment of the issue fee.
Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1)
and the required fee to withdraw the application from issue.

d) [0 disapproved. See explanation below.

e)J entered in part. See explanation below.

/CHI H PHAM/
Supervisory Patent Examiner, Art Unit 2471

U.S. Patent and Trademark Office
PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No. 20210209
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. Response to Notice of Allowance dated December 10, 2020
OK TO ENTER: /J.Y./ Appl. No. 16/511.170

02/08/2021 Attorney Docket No.: US77231

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application No. : 16/511,170
Application Filing Date : July 15, 2019
Examiner : YEA, JI-HAE P
Art Unit : 2471

Confirmation No. : 5548

Attorney Docket No. : US77231

First Inventor : YU-HSIN CHENG
Customer No. : 54000

AMENDMENT AND RESPONSE AFTER NOTICE OF ALLOWANCE

Mail Stop Issue Fee

Honorable Commissioner for Patents
P.O. Box 1450

Alexandria, Virginia 22313-1450

Dear Sir/Madam:

This is in response to the Nofice of Allowance dated December 10, 2020 in the above-

referenced patent application. Please kindly enter and consider the following:

Amendments to the Specification begin on page 2 of this paper.

A Listing of Claims begins on page S of this paper. This listing of claims will replace all

prior versions, and listings, of claims in the application.

Remarks begin on page 12 of this paper.

OK TO ENTER: /J.Y¥./ CK TO ENTER: /J.Y./
02/08/2021 02/08/2021
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Response to Notice of Allowance dated December 10, 2020
Appl. No. 16/511,170
Attorney Docket No.: US77231

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application No. : 16/511,170
Application Filing Date : July 15, 2019
Examiner : YEA, JI-HAE P
Art Unit : 2471

Confirmation No. : 5548

Attorney Docket No. : US77231

First Inventor : YU-HSIN CHENG
Customer No. : 54000

AMENDMENT AND RESPONSE AFTER NOTICE OF ALLOWANCE

Mail Stop Issue Fee

Honorable Commissioner for Patents
P.O. Box 1450

Alexandria, Virginia 22313-1450

Dear Sir/Madam:

This is in response to the Nofice of Allowance dated December 10, 2020 in the above-

referenced patent application. Please kindly enter and consider the following:

Amendments to the Specification begin on page 2 of this paper.

A Listing of Claims begins on page S of this paper. This listing of claims will replace all

prior versions, and listings, of claims in the application.

Remarks begin on page 12 of this paper.
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Response to Office Action dated August 28, 2020
Appl. No. 16/511,170
Attorney Docket No.: US77231

In the Specification

1. Please replace the ABSTRACT with the Replacement ABSTRACT below:
ABSTRACT

Methods and apparatuses for operating multiple antenna panels are provided. The wireless
communication device includes a plurality of antenna panels and a processor coupled to the
antenna panels. The processor is configured to maintain a plurality of leading time values. The
plurality of leading time values may indicate a plurality of leading time durations. The processor
is further configured to receive an indicator for antenna panel status information from a base
station, and apply one of the plurality of leading time values to switch an antenna panel status of

the plurality of antenna panels based on the indicator for antenna panel status information.

2. Please enter the amended Specification submitted along with the present Amendment.
Applicant amends paragraphs [0134] , [0138], [0165] and [0171] and to correct minor

formalities:

[00134] Fig. 5 is an example of a data structure indicating UE capability information, in
accordance with example implementations of the present disclosure. As shown in Fig. 5, UE
capability information 502 includes a number of parameters related to the antenna panel status of
the [[US]JUE. The parameters may include at least one of a power saving indicator (which may
be used as the indicator for antenna panel status described herein), a timer for antenna panel
status (for which the value may be set as “true/support” or “false/not support”), a maximum
number of support antenna panels (e.g., one, two, four or eight), a support indication method

(e.g., which may indicate whether an RRC, MAC-CE, or DCI approach is supported), a required

2
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Response to Office Action dated August 28, 2020
Appl. No. 16/511,170
Attorney Docket No.: US77231

time for antenna panel status switch (e.g., 1 ms, 2 ms, 3 ms, or 4 ms), and a UE assistance
indication (for which the value may be set as “true/support” or “false/not support”). The UE may
transmit the UE capability information 502 to the BS after establishing an RRC connection to the
BS. If the UE supports the timer for antenna panel status, the BS may configure the length of the

timer for antenna panel status to the UE, as shown in Fig. 6.

[00138] In action 702, a UE may be configured with multiple sets of parameters
corresponding to different operation modes (e.g., the power saving mode and the normal power
consumption mode). For example, the UE may be configured with two different leading time
values. One leading time value may be 10 [[us]]us, and the other one may be 3 ms. As noted
above, the UE may apply a first leading time when the UE needs to turn on a first number of
antenna panel(s), and apply a second leading time when the UE needs to turn on a second
number of antenna panel(s), where the first leading time is longer than the second leading time if
the first number is greater than the second number. Hence, in this example, the shorter leading
time, 10 [[us]]us, may be applied in the case that the UE does not need to further turn on an
antenna panel in response to the indicator for antenna panel status, and the longer leading time, 3
ms, may be applied in the case that the UE needs to turn on one or more antenna panels to
change the operation mode (e.g., to switch from the power saving mode to the normal power

consumption mode).

[00165] In this example, the UE may receive a second DCI message DCI 2 which is
transmitted over a PDCCH 1506 in the slot #n+1. The second DCI message DCI 2 may contain
a CSI request for triggering an aperiodic CSI report. For example, the CSI request for triggering
the CSI-RS resource may be indicated by the BS, through the QCL information associated with

the CSI-RS resource, to be received by the multiple antenna panels at the UE. In some

3

Ex.1002
APPLE INC. / Page 152 of 404



Response to Office Action dated August 28, 2020
Appl. No. 16/511,170
Attorney Docket No.: US77231

implementations of the present disclosure, the UE may apply a normal triggering offset value
when the UE does not need to further turn on an antenna panel in response to the indicator for
antenna panel status obtained from the BS, and apply a long triggering offset value when the UE
needs to turn on at least one antenna panel in response to the indicator for antenna panel status
received from the BS. Thus, in this example, the UE may apply a long triggering offset value
(e.g., aperiodicTriggeringOffset) for the CSI request to switch from the power saving mode to
the normal power consumption mode. As shown in Fig. 15, the BS may transmit the CSI-RS

resource in the slot #n+7, which is the sixth time slot after the slot #n+1.

[00171] In addition, the UE may receive a second DCI message DCI 2 which is
transmitted over a PDCCH 1606 in the slot #n+1. The second DCI message DCI_2 may contain
a CSI request for triggering an aperiodic CSI report. For example, the CSI request for triggering
the CSI-RS resource may be indicated by the BS, through the QCL information associated with
the CSI-RS resource, to be received by the multiple antenna panels at the UE. As described
above, the UE may apply a long triggering offset value (e.g., aperiodicTriggeringOffset) for the
CSI request because the UE may need to turn on at least one antenna panel in response to the
indicator for antenna panel status obtained from the BS. As shown in Fig. 16A, the BS may
transmit the CSI-RS resource in the slot #n+7, which is the sixth time slot after the slot #n+1. In

this example, the timer for antenna panel status may also start at the beginning of the slot #n+7.
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Response to Office Action dated August 28, 2020
Appl. No. 16/511,170
Attorney Docket No.: US77231

Listing of Claims

This listing of claims will replace all prior versions, and listings, of claims in the application:

1. (Currently Amended) A wireless communication device comprising:
a plurality of antenna panels;
a processor coupled to the plurality of antenna panels and configured to:

maintain a plurality of leading time values, the plurality of leading time values indicating

a plurality of leading time durations;
receive an indicator for antenna panel status information from a base station (BS);

apply one of the plurality of leading time values to switch an antenna panel status of the

plurality of antenna panels based on the indicator for antenna panel status information;

receive a scheduling offset value from the BS, the scheduling offset value comprising at
least one of a KO parameter for a Downlink (DL) channel and a K2 parameter for an Uplink (UL)

channel; and

determine that the scheduling offset value is invalid, when a time duration indicated by
the scheduling offset value is less than [[the]]a leading time duration indicated by the-seleeted
applied leading time value.

2. (Original) The wireless communication device of claim 1, wherein the processor
is further configured to:

receive a timer from the BS; and

switch the antenna panel status from a first antenna panel status to a second antenna panel

status after the timer expires.
3. (Previously Presented) The wireless communication device of claim 2, wherein
the timer expires when one of a Discontinuous Reception (DRX) inactivity timer expires and the

wireless communication device enters one of a DRX off-period and a sleep mode.

4, (Canceled)
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Response to Office Action dated August 28, 2020
Appl. No. 16/511,170
Attorney Docket No.: US77231

5. (Previously Presented) The wireless communication device of claim 1, wherein
the processor is further configured to:
transmit an antenna panel status report to inform the BS of the switch of the antenna

panel status.

6. (Original) The wireless communication device of claim 5, wherein the antenna
panel status report is contained in one of a beam report and a Channel State Information (CSI)

report.

7. (Currently Amended) The wireless communication device of claim 5, wherein
the antenna panel status report comprises a single-bit Information Element (IE), and the
processor is further configured to:

set the single-bit IE to a first value to indicate that a power saving mode is enabled; and

set the single-bit IE to a second value to indicate that the power saving mode is disabled,

wherein a total number of turned-on antenna panels in the plurality of antenna panels

when the power saving mode is enabled is less than a total number of turned-on antenna panels

in the plurality of antenna panels that-when the power saving mode is disabled.

8. (Previously Presented) The wireless communication device of claim 5, wherein
the antenna panel status report comprises a multiple-bit Information Element (IE), and the
processor is further configured to:

set the multiple-bit IE to a particular value associated with a particular number of the

plurality of antenna panels being turned on.

9. (Currently Amended) The wireless communication device of claim 1, wherein
the indicator for antenna panel status information comprises a single-bit Information Element
(IE), and the processor is further configured to:

enable a power saving mode when the single-bit IE is set to a first value; and

disable the power saving mode when the single-bit IE is set to a second value,
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Response to Office Action dated August 28, 2020
Appl. No. 16/511,170
Attorney Docket No.: US77231

wherein a total number of turned-on antenna panels in the plurality of antenna panels

when the power saving mode is enabled is less than_a total number of turned-on antenna panels

in the plurality of antenna panels that-when the power saving mode is disabled.

10. (Previously Presented) The wireless communication device of claim 1, wherein
the indicator for antenna panel status information comprises a multiple-bit Information Element
(IE), and the processor is further configured to:

turn on a particular number of the plurality of antenna panels when the multiple-bit IE is

set to a particular value.

11. (Previously Presented) The wireless communication device of claim 1, wherein
the indicator for antenna panel status information is contained in a Transmission Configuration

Indicator (TCI) state Identity (ID) indicated by the BS.

12. (Original) The wireless communication device of claim 1, wherein the plurality

of leading time values is one of cell-specific values and cell group-specific values.

13. (Previously Presented) The wireless communication device of claim 1, wherein
the processor is further configured to:

switch the antenna panel status from a first antenna panel status to a second antenna panel
status in response to receiving the indicator for antenna panel status information; and

automatically switch the antenna panel status from the second antenna panel status to a
third antenna panel status without further reception of an indicator for antenna panel status

information from the BS.

14. (Currently Amended) The wireless communication device of claim 1, wherein
the processor is further configured to:

enable a power saving mode when the wireless communication device operates in a
Discontinuous Reception (DRX) active time; and

disable the power saving mode when the wireless communication device operates in a

DRX inactive time,
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Response to Office Action dated August 28, 2020
Appl. No. 16/511,170
Attorney Docket No.: US77231

wherein a total number of turned-on antenna panels in the plurality of antenna panels

when the power saving mode is enabled is less than a total number of turned-on antenna panels

in the plurality of antenna panels that-when the power saving mode is disabled.

15. (Currently Amended) The wireless communication device of claim 1, wherein
the processor is further configured to:

enable a power saving mode based on whether the wireless communication device
operates in a particular Bandwidth Part (BWP),

wherein:

a total number of turned-on antenna panels in the plurality of antenna panels when the

power saving mode is enabled is less than a total number of turned-on antenna panels in the

plurality of antenna panels that-when the power saving mode is disabled; and

the particular BWP is one of a default BWP, an initial BWP, and a first active BWP.

16. (Canceled)

17. (Currently Amended) A method performed by a wireless communication device

for operating a plurality of antenna panels, the method comprising:

maintaining;by-a-wireless—communtcation-deviee; a plurality of leading time values, the

plurality of leading time values indicating a plurality of leading time durations;

receiving;-by—the-wireless—ecommunieation—deviee; an indicator for antenna panel status

information from a base station (BS);

applying—by—the—wireless—communication—device; one of the plurality of leading time
values to switch an antenna panel status of the plurality of antenna panels based on the indicator
for antenna panel status information,

receiving;-by-the-wireless-communieation-deviee; a scheduling offset value from the BS,
the scheduling offset value comprising at least one of a KO parameter for a Downlink (DL)
channel and a K2 parameter for an Uplink (UL) channel; and

determining—by—the-wireless—communication—device; that the scheduling offset value is
invalid, when a time duration indicated by the scheduling offset value is less than [[the]]a leading

time duration indicated by the-seleeted_applied leading time value.
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Response to Office Action dated August 28, 2020
Appl. No. 16/511,170
Attorney Docket No.: US77231

18. (Currently Amended) The method of claim 17, further comprising:

receiving;by-the-wireless-communication-deviee; a timer from the BS; and
switching—by—the—wireless—communication—deviee; the antenna panel status from a first

antenna panel status to a second antenna panel status after the timer expires.

19. (Previously Presented) The method of claim 18, wherein the timer expires when
one of a Discontinuous Reception (DRX) inactivity timer expires and the wireless

communication device enters one of a DRX off-period and a sleep mode.

20. (Canceled)

21. (Currently Amended) The method of claim 17, further comprising:
transmitting—by—the—wireless—communication—deviee; an antenna panel status report to

inform the BS of the switch of the antenna panel status.

22. (Original) The method of claim 21, wherein the antenna panel status report is

contained in one of a beam report and a Channel State Information (CSI) report.

23. (Currently Amended) The method of claim 21, wherein the antenna panel status
report comprises a single-bit Information Element (IE), and the method further comprises:

setting—by-the-wireless-communication-deviee; the single-bit IE to a first value to indicate

that a power saving mode is enabled; and

setting—by—the—wireless—communication—deviece; the single-bit IE to a second value to
indicate that the power saving mode is disabled,

wherein a total number of turned-on antenna panels in the plurality of antenna panels

when the power saving mode is enabled is less than a total number of turned-on antenna panels

in the plurality of antenna panels that-when the power saving mode is disabled.

24, (Currently Amended) The method of claim 21, wherein the antenna panel status

report comprises a multiple-bit Information Element (IE), and the method further comprises:

Ex.1002
APPLE INC. / Page 158 of 404



Response to Office Action dated August 28, 2020
Appl. No. 16/511,170
Attorney Docket No.: US77231

setting;—by—the—wireless—communieation—deviee; the multiple-bit IE to a particular value

associated with a particular number of the plurality of antenna panels being turned on.

25. (Currently Amended) The method of claim 17, wherein the indicator for
antenna panel status information comprises a single-bit Information Element (IE), and the
method further comprises:

enabling-by-the-wireless-communication-device; a power saving mode when the single-

bit IE is set to a first value; and

disabling;—by—the—wireless—communication—deviee; the power saving mode when the
single-bit IE is set to a second value,

wherein a total number of turned-on antenna panels in the plurality of antenna panels

when the power saving mode is enabled is less than a total number of turned-on antenna panels

in the plurality of antenna panels that-when the power saving mode is disabled.

26. (Currently Amended) The method of claim 17, wherein the indicator for
antenna panel status information comprises a multiple-bit Information Element (IE), and the
method further comprises:

turning on;-by-the-wireless-communtcation-deviee; a particular number of the plurality of

antenna panels when the multiple-bit IE is set to a particular value.

27. (Previously Presented) The method of claim 17, wherein the indicator for
antenna panel status information is contained in a Transmission Configuration Indicator (TCI)

state Identity (ID) indicated by the BS.

28. (Original) The method of claim 17, wherein the plurality of leading time values

is one of cell-specific values and cell group-specific values.

29. (Currently Amended) The method of claim 17, further comprising:
switching—bythe-wireless—communication—device; the antenna panel status from a first

antenna panel status to a second antenna panel status in response to receiving the indicator for

antenna panel status information; and

10
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Response to Office Action dated August 28, 2020
Appl. No. 16/511,170
Attorney Docket No.: US77231

automatically switch—by—the—wireless—communication—deviee; the antenna panel status

from the second antenna panel status to a third antenna panel status without further reception of

an indicator for antenna panel status information from the BS.

30. (Currently Amended) The method of claim 17, further comprising:
enabling—by-the-wireless-communication-device; a power saving mode when the wireless

communication device operates in a Discontinuous Reception (DRX) active time; and
disabling;—by—the—wireless—communication—deviee; the power saving mode when the
wireless communication device operates in a DRX inactive time,
wherein a total number of turned-on antenna panels in the plurality of antenna panels

when the power saving mode is enabled is less than a total number of turned-on antenna panels

in the plurality of antenna panels that-when the power saving mode is disabled.

31. (Currently Amended) The method of claim 17, further comprising:

enabling—by-the-wireless-communtcation-deviee; a power saving mode based on whether
the wireless communication device operates in a particular Bandwidth Part (BWP),

wherein:

a total number of turned-on antenna panels in the plurality of antenna panels when the

power saving mode is enabled is less than a total number of turned-on antenna panels in the

plurality of antenna panels that-when the power saving mode is disabled; and

the particular BWP is one of a default BWP, an initial BWP, and a first active BWP.

32. (Canceled)

11
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Response to Office Action dated August 28, 2020
Appl. No. 16/511,170
Attorney Docket No.: US77231

REMARKS

Prior to the present Amendment and Response, claims 1-3, 5-15, 17-19 and 21-31 were
pending in the present application and allowed. By the present Amendment and Response,
Applicant amends paragraphs [0134], [0138], [0165] and [0171] of the Specification, provides a
replacement ABSTRACT, and amends claims 1, 7, 9, 14, 15, 17, 18, 21, 23-26 and 29-31 to
correct formalities. No new matter has been introduced. After the present Amendment and
Response, claims 1-3, 5-15, 17-19 and 21-31 remain pending in the present application.
Applicant respectfully requests reconsideration and allowance of these claims in view of the

above amendments.

12
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Response to Office Action dated August 28, 2020
Appl. No. 16/511,170
Attorney Docket No.: US77231

CONCLUSION

In view of the above, the undersigned representative respectfully submits that the
foregoing Amendment and Response places this application in condition for allowance and a
Notice to that effect is earnestly solicited. If the Examiner believes that there are any issues that
can be resolved by a telephone conference, or that there are any informalities that can be
corrected by an Examiner’s amendment, please call the undersigned representative at the number
given below.

The undersigned representative requests any extension of time that may be deemed
necessary to further the prosecution of this application. The undersigned representative
authorizes the Commissioner to charge any additional fees under 37 C.F.R. 1.16 or 1.17 that may
be required, or credit any overpayment, to Deposit Account No. 602615, referencing Attorney
Docket No.: US77231.

Due to the Coronavirus (COVID-19) pandemic, if the undersigned representative
cannot be reached by phone, Applicant respectfully requests the Examiner to email the

undersigned representative using the email address provided below.

Respectfully submitted,

By /Alvin S. Koan, Reg # 68468/
Alvin S. Koan

Registration No.: 68,468

ScienBiziP, P.C.

550 S. Hope Street, Suite 2825

Los Angeles, CA 90071

Phone: (213) 426-1771

Fax: (213) 426-1788

Email: AlvinKoan@scienbizippc.com

13
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
54000 7590 12/10/2020
ScienBiziP, PC YEA, JILHAE P
550 South Hope Street
Suite 2825 | ART UNIT PAPER NUMBER |
Los Angeles, CA 90071 2471
DATE MAILED: 12/10/2020
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |  CONFIRMATION NO.
16/511,170 07/15/2019 YU-HSIN CHENG US77231 5548

TITLE OF INVENTION: METHODS AND APPARATUSES FOR OPERATING MULTIPLE ANTENNA PANELS

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 03/10/2021

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at

www.uspto.gov/PatentMaintenanceFees.
Page 1 of 3

PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.
Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

54000 7590 12/10/2020 Certificate of Mailing or Transmission
ScienBiziP, PC I hereby certify that this Fee(s) Transmittal is being deposited with the United
> States Postal Service with sufficient postage for first class mail in an envelope
550 South Hope Street addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
P g
Suite 2825 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Los Angeles, CA 90071 (Typed or printed name)
(Signature)
(Date)l
I APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
16/511,170 07/15/2019 YU-HSIN CHENG US77231 5548
TITLE OF INVENTION: METHODS AND APPARATUSES FOR OPERATING MULTIPLE ANTENNA PANELS
| APPLN. TYPE | ENTITY STATUS I ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 03/10/2021

I EXAMINER | ART UNIT | CLASS-SUBCLASS |
YEA, JI-HAE P 2471 370-329000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of upto 2

O e N P 2 registered patent attorneys or agents. If no name is
Fee Address" indication (or "Fee Address" Indication form PTO/ listed, no name will be printed.

SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

|95}

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individual [ Corporation or other private group entity (] Government

4a. Fees submitted: [MIssue Fee (JPublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Blectronic Payment via EFS-Web [ Enclosed check (] Non-electronic payment by credit card (Attach form PTO-2038)

[ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
16/511,170 07/15/2019 YU-HSIN CHENG US77231 5548
| EXAMINER |
54000 7590 12/10/2020
ScienBiziP, PC YEA, JILHAE P
550 South Hope Street
Suite 2825 | ART UNIT PAPER NUMBER |
Los Angeles, CA 90071 2471

DATE MAILED: 12/10/2020

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5§ U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
16/511,170 CHENG et al.

Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
JI-HAE YEA 2471 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.} This communication is responsive to November 26, 2020.
[J A declaration(s)affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 1-3,5-15,17-19 and 21-31 . As a result of the allowed claim(s), you may be eligible to benefit from the
Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For more
information, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to
PPHfeedback@uspto.gov.

4. Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) CJAll b) JSome  *c) (J None of the:
1. [J Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [0 Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front {not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.(J Notice of References Cited (PTO-892) 5. ¥} Examiner's Amendment/Comment

2.0 Information Disclosure Statements (PTO/SB/08), 6. ¥} Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0J Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4.V Interview Summary (PTO-413),
Paper No./Mail Date.

Y./ /CHI H PHAM/
Examiner, Art Unit 2471 Supervisory Patent Examiner, Art Unit 2471

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20201203
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Application/Control Number: 16/511,170 Page 2
Art Unit: 2471

DETAILED ACTION

Notice of Pre-AlA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined
under the first inventor to file provisions of the AlA.
e Applicant’'s amendment filed 11/26/2020 is acknowledged.
e (Claims 1,3,5,7-11,13-15, 17, 21, 23-27, 30 and 31 are amended.

e Claims 4, 16, 20 and 32 are cancelled.

Priority
2. The present application does not claim for foreign priority.

3. The application has a provisional application 62/699,465 filed on 7/17/2018.

Information Disclosure Statement
4. The information disclosure statement (IDS) was submitted on 1/3/2020. The
submission is in compliance with the provisions of 37 CFR 1.97. Accordingly, the

information disclosure statement has been considered by the examiner

EXAMINER’S AMENDMENT
5. An examiner’'s amendment to the record appears below. Should the changes

and/or additions be unacceptable to applicant, an amendment may be filed as provided
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Application/Control Number: 16/511,170 Page 3
Art Unit: 2471

by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be

submitted no later than the payment of the issue fee.

Authorization for this examiner's amendment was given in an interview with Alvin

S. Koan on 12/3/2020.

The application has been amended as follows:

In the claim:

19. (Currently amended) The method of claim 18, wherein the timer expires
when one of a Discontinuous Reception (DRX) inactivity timer expires and the
wireless communication device enters one of a DRX off-period and a sleep

mode.

Allowable Subject Matter

6. Claims 1-3, 5-15, 17-19 and 21-31 are allowed.

Reasons for Allowance
7. The following is an examiner’s statement of reasons for allowance:
e Applicant’s arguments, see page 9-10, filed 11/26/2020, with respect to
rejection have been fully considered and are persuasive. The reasons for

allowance are as indicated in Applicant’s arguments filed 11/26/2020.
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Application/Control Number: 16/511,170 Page 4
Art Unit: 2471

e Applicant agreed and authorized for the Examiner's amendment for further
clarifications of the claim languages during an interview with Alvin S. Koan on
12/3/2020.

Any comments considered necessary by applicant must be submitted no later

than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”

Conclusion
8. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JI-HAE YEA whose telephone number is (571) 270-
3310. The examiner can normally be reached on MON-FRI, 7am-3pm, ET.

Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Chi Pham can be reached on (571) 272-3179. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.
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Application/Control Number: 16/511,170 Page 5
Art Unit: 2471

For more information about the PAIR system, see https:/ppair-
my.uspto.gov/pair/PrivatePair. Should you have questions on access to the Private
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).
If you would like assistance from a USPTO Customer Service Representative or access
to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-

272-1000.

Y./
Examiner, Art Unit 2471

/CHI H PHAM/
Supervisory Patent Examiner, Art Unit 2471
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Application No. Applicant(s)

16/511,170 CHENG et al.

. iy . i A AlA (First Inventor P
Examiner-Initiated Interview Summary flx; Z'Ens,r; A Urntit to Fi(le; Status 9
2471 | Yes 10f1

JI-HAE YEA Examiner Telephonic
ALVIN KOAN Attorney of Record

Date of Interview: 03 December 2020

Issues Discussed:

Proposed Amendment(s)

Discussed and proposed an Examiner's amendment to remedy an outstanding claim objection to claim
19 mailed on 8/28/2020 and to amend claim language of claim 19 in the Applicant's claim amendments
filed 11/30/2020. The Applicant agreed and gave the Examiner an authorization to amend the claim
language to make it consistent with the claim languages of claim 3 for further clarity through an
Examiner's amendment.

NI-HAE YEA/ /CHI H PHAM/
Examiner, Art Unit 2471 Supervisory Patent Examiner, Art Unit 2471

Applicant is reminded that a complete written statement as to the substance of the interview must be made of record in
the application file. It is the applicants responsibility to provide the written statement, unless the interview was initiated
by the Examiner and the Examiner has indicated that a written summary will be provided. See MPEP 713.04

Please further see:

MPEP 713.04

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews, paragraph (b)

37 CFR § 1.2 Business to be transacted in writing

Applicant recordation instructions:It is not necessary for applicant to provide a separate record of the substance of interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete
and proper recordation of the substance of an interview should include the items listed in MPEP 713.04 for complete
and proper recordation including the identification of the general thrust of each argument or issue discussed, a general
indication of any other pertinent matters discussed regarding patentability and the general results or outcome of the
interview, to include an indication as to whether or not agreement was reached on the issues raised.

U.S. Patent and Trademark Office
PTOL-413/413b (Rev. Oct. 2019) Interview Summary Paper No. 20201203
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Application/Control No.

Applicant(s)/Patent Under Reexamination

Search Noles 16/511.170 CHENG et al.
NIRRT -
JI-HAE YEA 2471

CPC - Searched*
Symbol Date Examiner
H04W48/20 H04B17/309 HO4W76/28 HO4W24/10 H04W52/0216 JY
HO4W72/042 07/23/2020
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of

the search.

Search Notes

Search Notes Date Examiner
Inventors and Assignee Search through EAST 07/23/2020 JY
H04wW48/20 H04B17/309 H04W76/28 H04W24/10 HO4W52/0216 07/27/2020 JY
H04W72/042 (Keyword search only)

Primary Examiner (Mohammad Adhami) suggested search 07/29/2020 JY

EAST Search 08/24/2020 JY
Google search 08/24/2020 JY

EAST Search (Updated search) 12/02/2020 JY

U.S. Patent and Trademark Office

Page 1 of 2

Part of Paper No.: 20201203
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Application/Control No.

Applicant(s)/Patent Under Reexamination

Search Nofes 16/511.170 CHENG ot al.
H“m “‘“ “Hm H ‘“ ‘l“ o o
JI-HAE YEA 2471
Interference Search
US Class/CPC | 5 g pclassicPC Group Date Examiner
Symbol
Interference search completed 12/03/2020 JY

U.S. Patent and Trademark Office

Page 2 of 2

Part of Paper No.: 20201203
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |¢511 170 CHENG et al.
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Response to Office Action dated August 28, 2020
Appl. No. 16/511,170
Attorney Docket No.: US77231

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application No. : 16/511,170
Application Filing Date : July 15, 2019
Examiner : YEA, JI-HAE P
Art Unit : 2471

Confirmation No. : 5548

Attorney Docket No. : US77231

First Inventor : YU-HSIN CHENG
Customer No. : 54000

AMENDMENT AND RESPONSE TO NON-FINAL OFFICE ACTION

Mail Stop Amendment

Honorable Commissioner for Patents
P.O. Box 1450

Alexandria, Virginia 22313-1450

Dear Sir/Madam:
This is in response to the Non-Final Office Action dated August 28, 2020 in the above-
referenced patent application. Please kindly enter and consider the following:

A Listing of Claims begins on page 2 of this paper. This listing of claims will replace all

prior versions, and listings, of claims in the application.

Remarks begin on page 9 of this paper.
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Response to Office Action dated August 28, 2020
Appl. No. 16/511,170
Attorney Docket No.: US77231

Listing of Claims

This listing of claims will replace all prior versions, and listings, of claims in the application:

1. (Currently Amended) A wireless communication device comprising:
a plurality of antenna panels;
a processor coupled to the plurality of antenna panels and configured to:

maintain a plurality of leading time values, wherein-the plurality of leading time values

indteates-indicating a plurality of leading time durations;
receive an indicator for antenna panel status information from a base station (BS); [[and]]

apply one of the plurality of leading time values to switch an antenna panel status of the

plurality of antenna panels based on the indicator for antenna panel status information;

receive a scheduling offset value from the BS, the scheduling offset value comprising at

least one of a KO parameter for a Downlink (DL) channel and a K2 parameter for an Uplink (UL)

channel; and

determine that the scheduling offset value is invalid, when a time duration indicated by

the scheduling offset value is less than the leading time duration indicated by the selected leading

time value.
2. (Original) The wireless communication device of claim 1, wherein the processor
is further configured to:

receive a timer from the BS; and
switch the antenna panel status from a first antenna panel status to a second antenna panel

status after the timer expires.
3. (Currently Amended) The wireless communication device of claim 2, wherein
the timer expires when one of a Discontinuous Reception (DRX) inactivity timer expires and the

wireless communication device enters one of a DRX off-period and a sleep mode.

4, (Canceled)
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5. (Currently Amended) The wireless communication device of claim 1, wherein
the processor is further configured to:
transmit an antenna panel status report to inform the BS of a—ehangethe switch of the

antenna panel status.

6. (Original) The wireless communication device of claim 5, wherein the antenna
panel status report is contained in one of a beam report and a Channel State Information (CSI)

report.

7. (Currently Amended) The wireless communication device of claim 5, wherein
the antenna panel status report comprises a single-bit Information Element (IE), and the
processor is further configured to:

set the single-bit IE to a first value to indicate that a power saving mode is enabled; and

set the single-bit IE to a second value to indicate that the power saving mode is
disabled[[;]].

wherein a total number of turned-on antenna panels in the plurality of antenna panels

when the power saving mode is enabled is less than that when the power saving mode is disabled.

8. (Currently Amended) The wireless communication device of claim 5, wherein

the antenna panel status report comprises a multiple-bit Information Element (IE), and the
processor is further configured to:
set the multiple-bit IE to a particular value associated with a particular number of the

plurality of antenna panels being turned on.

9. (Currently Amended) The wireless communication device of claim 1, wherein

the indicator for antenna panel status information comprises a single-bit Information Element

(IE), and the processor is further configured to:
enable a power saving mode when the single-bit IE is set to a first value; and

disable the power saving mode when the single-bit IE is set to a second value[[;]].
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wherein a total number of turned-on antenna panels in the plurality of antenna panels

when the power saving mode is enabled is less than that when the power saving mode is disabled.

10. (Currently Amended) The wireless communication device of claim 1, wherein

the indicator for antenna panel status information comprises a multiple-bit Information Element

(IE), and the processor is further configured to:
turn on a particular number of the plurality of antenna panels when the multiple-bit IE is

set to a particular value.

11. (Currently Amended) The wireless communication device of claim 1, wherein
the indicator for antenna panel status information is contained in a Transmission Configuration

Indicator (TCI) state Identity (ID) indicated by the BS.

12. (Original) The wireless communication device of claim 1, wherein the plurality

of leading time values is one of cell-specific values and cell group-specific values.

13. (Currently Amended) The wireless communication device of claim 1, wherein
the processor is further configured to:

switch the antenna panel status from a first antenna panel status to a second antenna panel

status in response to receiving the indicator for antenna panel status information: and

automatically switch the antenna panel status from ene-te-ene-the second antenna panel

status to a third antenna panel status without further reception of an indicator for antenna panel

status information from the BS.

14. (Currently Amended) The wireless communication device of claim 1, wherein
the processor is further configured to:
enable a power saving mode when the wireless communication device operates in a

Discontinuous Reception (DRX) active time; and

disable the power saving mode when the wireless communication device operates in a

DRX inactive time[[;]].
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wherein a total number of turned-on antenna panels in the plurality of antenna panels

when the power saving mode is enabled is less than that when the power saving mode is disabled.

15. (Currently Amended) The wireless communication device of claim 1, wherein
the processor is further configured to:

enable a power saving mode based on whether the wireless communication device
operates in a particular Bandwidth Part (BWP)[[;]].

wherein;

a total number of turned-on antenna panels in the plurality of antenna panels when the
power saving mode is enabled is less than that when the power saving mode is disabled; and

wheret-the particular BWP is one of a default BWP, an initial BWP, and a first active
BWP.

16. (Canceled)

17. (Currently Amended) A method for operating a plurality of antenna panels, the
method comprising;:

maintaining, by a wireless communication device, a plurality of leading time values,
wheretn—the plurality of leading time values indieates—indicating a plurality of leading time
durations;

receiving, by the wireless communication device, an indicator for antenna panel status
information from a base station (BS);[[ and]]

applying, by the wireless communication device, one of the plurality of leading time
values to switch an antenna panel status of the plurality of antenna panels based on the indicator
for antenna panel status information;

receiving, by the wireless communication device, a scheduling offset value from the BS,

the scheduling offset value comprising at least one of a KO parameter for a Downlink (DL)

channel and a K2 parameter for an Uplink (UL) channel: and

determining, by the wireless communication device, that the scheduling offset value is

invalid. when a time duration indicated by the scheduling offset value is less than the leading

time duration indicated by the selected leading time value.
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18. (Original) The method of claim 17, further comprising:
receiving, by the wireless communication device, a timer from the BS; and
switching, by the wireless communication device, the antenna panel status from a first

antenna panel status to a second antenna panel status after the timer expires.

19. (Currently Amended) The method of claim 18, wherein the timer expires when
one of a Discontinuous Reception (DRX) inactivity timer expires and the wireless

communication device enters one of a DRX period and a sleep mode.

20. (Canceled)

21. (Currently Amended) The method of claim 17, further comprising:
transmitting, by the wireless communication device, an antenna panel status report to

inform the BS of a-ehangethe switch of the antenna panel status.

22. (Original) The method of claim 21, wherein the antenna panel status report is

contained in one of a beam report and a Channel State Information (CSI) report.

23. (Currently Amended) The method of claim 21, wherein the antenna panel status
report comprises a single-bit Information Element (IE), and the method further comprises:

setting, by the wireless communication device, the single-bit IE to a first value to indicate
that a power saving mode is enabled; and

setting, by the wireless communication device, the single-bit IE to a second value to
indicate that the power saving mode is disabled][[;]].

wherein a total number of turned-on antenna panels in the plurality of antenna panels

when the power saving mode is enabled is less than that when the power saving mode is disabled.

24, (Currently Amended) The method of claim 21, wherein the antenna panel status

report comprises a multiple-bit Information Element (IE), and the method further comprises:
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setting, by the wireless communication device, the multiple-bit IE to a particular value

associated with a particular number of the plurality of antenna panels being turned on.

25. (Currently Amended) The method of claim 17, wherein the indicator for

antenna panel status information comprises a single-bit Information Element (IE), and the

method further comprises:

enabling, by the wireless communication device, a power saving mode when the single-
bit IE is set to a first value; and

disabling, by the wireless communication device, the power saving mode when the
single-bit IE is set to a second value[[;]],

wherein a total number of turned-on antenna panels in the plurality of antenna panels

when the power saving mode is enabled is less than that when the power saving mode is disabled.

26. (Currently Amended) The method of claim 17, wherein the indicator for

antenna panel status information comprises a multiple-bit Information Element (IE), and the

method further comprises:
turning on, by the wireless communication device, a particular number of the plurality of

antenna panels when the multiple-bit IE is set to a particular value.

27. (Currently Amended) The method of claim 17, wherein the indicator for
antenna panel status information is contained in a Transmission Configuration Indicator (TCI)
state Identity (ID) indicated by the BS.

28. (Original) The method of claim 17, wherein the plurality of leading time values

is one of cell-specific values and cell group-specific values.

29. (Original) The method of claim 17, further comprising:
switching, by the wireless communication device, the antenna panel status from a first
antenna panel status to a second antenna panel status in response to receiving the indicator for

antenna panel status information; and
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automatically switch, by the wireless communication device, the antenna panel status
from the second antenna panel status to a third antenna panel status without further reception of

an indicator for antenna panel status information from the BS.

30. (Currently Amended) The method of claim 17, further comprising:
enabling, by the wireless communication device, a power saving mode when the wireless

communication device operates in a Discontinuous Reception (DRX) active time; and

disabling, by the wireless communication device, the power saving mode when the
wireless communication device operates in a DRX inactive time[[;]],
wherein a total number of turned-on antenna panels in the plurality of antenna panels

when the power saving mode is enabled is less than that when the power saving mode is disabled.

31. (Currently Amended) The method of claim 17, further comprising:

enabling, by the wireless communication device, a power saving mode based on whether
the wireless communication device operates in a particular Bandwidth Part (BWP)[[;]].

wherein:

a total number of turned-on antenna panels in the plurality of antenna panels when the
power saving mode is enabled is less than that when the power saving mode is disabled; and

wheretn-the particular BWP is one of a default BWP, an initial BWP, and a first active
BWP.

32. (Canceled)
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REMARKS

Prior to the present Amendment and Response, claims 1-32 were pending in the present
application. Claims 3-4, 7-10, 14-16, 19-20, 23-26 and 30-32 are objected to, but would be
allowable if rewritten into independent form. By the present Amendment and Response, claims 1,
3,5, 7-11, 13-15, 17, 21, 23-27, 30 and 31 are amended. Claims 4, 16, 20 and 32 are canceled
without prejudice or disclaimer. No new matter has been introduced. After the present
Amendment and Response, claims 1-3, 5-15, 17-19 and 21-31 remain pending in the present
application.

Applicant respectfully requests reconsideration and allowance of these claims in view of
the above amendments and the following remarks. As Applicant’s amendments and remarks with
respect to the Examiner’s rejections are sufficient to overcome these rejections, Applicant’s
silence as to assertions by the Examiner in the Office Action or certain requirements that may be
applicable to such rejections (for example, assertions regarding dependent claims, whether a
reference constitutes prior art, whether references are legally combinable for obviousness
purposes) is not a concession by Applicant that such assertions are accurate or such requirements

have been met, and Applicant reserves the right to analyze and dispute such in the future.

A. Allowable Subject Matter

In the Non-Final Office Action dated August 28, 2020 (hereinafter “Office Action”), the
Examiner indicates that “[c[laims 3-4, 7-10, 14-16, 19-20, 23-26 and 30-32 are objected to as
being dependent upon a rejected base claim, but would be allowable if rewritten in independent
form including all of the limitations of the base claim and any intervening claims.” See page 12

of the Office Action.
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Applicant appreciates the Examiner’s indication of the allowable subject matter in claims
3-4,7-10, 14-16, 19-20, 23-26 and 30-32. At the same time, Applicant respectfully traverses the
rejections, each finding of fact, including each assertion regarding what the references show or
teach, any rationales for modifying and/or combining the references, and any implicit and/or
explicit reliance on the Office Action, and Applicant does not acquiesce in the validity of the
rejections. In addition, Applicant is not conceding in this application that the previously pending
claims are not patentable. Rather, any alterations are without conceding to the Examiner’s
positions, and being made only to expedite prosecution of the present application, and are
without prejudice to the presentation or assertion, in the future, of claims relating to the same or
similar subject matter as the previously pending claims.

As such, by the present Amendment and Response, Applicant has amended independent
claim 1 to incorporate the allowable subject matter in claim 16, and amended independent claim
17 to incorporate the allowable subject matter in claim 32. In addition, claims 8-11, 14, 24-27
and 30 are amended to harmonize their recitations with the changes made to independent claims
1 and 17, from which they respectively depend. Claims 4, 16, 20 and 32 are canceled without

prejudice or disclaimer.

As such, Applicant respectfully submits that claims 1-3, 5-15, 17-19 and 21-31 are now

in condition for allowance.

10
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CONCLUSION

In view of the above, the undersigned representative respectfully submits that the
foregoing Amendment and Response places this application in condition for allowance and a
Notice to that effect is earnestly solicited. If the Examiner believes that there are any issues that
can be resolved by a telephone conference, or that there are any informalities that can be
corrected by an Examiner’s amendment, please call the undersigned representative at the number
given below.

The undersigned representative requests any extension of time that may be deemed
necessary to further the prosecution of this application. The undersigned representative
authorizes the Commissioner to charge any additional fees under 37 C.F.R. 1.16 or 1.17 that may
be required, or credit any overpayment, to Deposit Account No. 602615, referencing Attorney
Docket No.: US77231.

Due to the Coronavirus (COVID-19) pandemic, if the undersigned representative
cannot be reached by phone, Applicant respectfully requests the Examiner to email the

undersigned representative using the email address provided below.

Respectfully submitted,

By /Alvin S. Koan, Reg # 68468/
Alvin S. Koan

Registration No.: 68,468

ScienBiziP, P.C.

550 S. Hope Street, Suite 2825

Los Angeles, CA 90071

Phone: (213) 426-1771

Fax: (213) 426-1788

Email: AlvinKoan@scienbizippc.com

11
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process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
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Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Application No. Applicant(s)

16/511,170 CHENG et al,
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
JI-HAE YEA 2471 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of ime may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 15 July 2019.
U A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .
2a)(] This action is FINAL. 2b) ¥ This action is non-final.

3)(J An election was made by the applicant in response to a restriction requirement set forth during the interview
on ; the restriction requirement and election have been incorporated into this action.

4)J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1-32 is/are pending in the application.

5a) Of the above claim(s) ____is/are withdrawn from consideration.

6) (0 Claim(s) ___ is/are allowed.

7) Claim(s) 1-2,5-6,11-13,17-18,21-22 and 27-29 is/are rejected.

8) Claim(s) 3-4,7-10,14-16,19-20,23-26 and 30-32 is/are objected to.

9) (0 Claim(s) ____ are subject to restriction and/or election requirement
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)(J The specification is objected to by the Examiner.
11)™ The drawing(s) filed on 15 July 2019 is/are: a)& accepted or b)(]) objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)(J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)d All b)(J Some**  ¢)(J None of the:
1.0 Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) Notice of References Cited (PTO-892) 3) (J Interview Summary (PTO-413)
Paper No(s)/Mail Date
2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 0 Otlfer' ()
Paper No(s)/Mail Date —
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20200727
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Application/Control Number: 16/511,170 Page 2
Art Unit: 2471

DETAILED ACTION

Notice of Pre-AlA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AlA.

Priority

2. The present application does not claim for foreign priority.

Information Disclosure Statement
3. The information disclosure statement (IDS) was submitted on 1/3/2020. The
submission is in compliance with the provisions of 37 CFR 1.97. Accordingly, the

information disclosure statement has been considered by the examiner.

Claim Objections
4. Claim 19 is objected to because of the following informalities:
o Claim 19 is directed towards a method that follows the same steps described
in claim 3, and “a DRX period and a sleep mode” should read “a DRX off-
period and a sleep mode” for consistency and clarity.

Appropriate correction is required.
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Claim Rejections - 35 USC § 103
5. In the event the determination of the status of the application as subject to AIA 35
U.S.C. 102 and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any
correction of the statutory basis for the rejection will not be considered a new ground of
rejection if the prior art relied upon, and the rationale supporting the rejection, would be
the same under either status.
6. The following is a quotation of 35 U.S.C. 103 which forms the basis for all
obviousness rejections set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that
the claimed invention is not identically disclosed as set forth in section
102, if the differences between the claimed invention and the prior art are
such that the claimed invention as a whole would have been obvious
before the effective filing date of the claimed invention to a person having
ordinary skill in the art to which the claimed invention pertains.
Patentability shall not be negated by the manner in which the invention
was made.

7. This application currently names joint inventors. In considering patentability of the
claims the examiner presumes that the subject matter of the various claims was
commonly owned as of the effective filing date of the claimed invention(s) absent any
evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to
point out the inventor and effective filing dates of each claim that was not commonly
owned as of the effective filing date of the later invention in order for the examiner to
consider the applicability of 35 U.S.C. 102(b)(2)(C) for any potential 35 U.S.C. 102(a)(2)

prior art against the later invention.
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8. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148
USPQ 459 (1966), that are applied for establishing a background for determining
obviousness under 35 U.S.C. 103 are summarized as follows:

1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating

obviousness or nonobviousness.

9. Claims 1, 12, 17 and 28 are rejected under 35 U.S.C. 103 as being
unpatentable over Li et al. (US 2018/0145742 A1, hereinafter Li) in view of 3GPP TS

38.214 (V15.2.0, 2018-06; hereinafter, TS 38.214).

Regarding claim 1:

Li discloses a wireless communication device (see, Li: Fig. 10, UE 1005)
comprising: a plurality of antenna panels (Fig. 10, Antenna Subarrays 1015: A,
B, C, and D); a processor (Fig. 10, Processor 1030) coupled to the plurality of
antenna panels (see, Li: Paragraph [0121]).

Li does not explicitly disclose wherein the wireless communication device
configured to maintain a plurality of leading time values, wherein the plurality of
leading time values indicates a plurality of leading time durations.

In the same field of endeavor, TS 38.214 discloses a UE configured to

maintain a plurality of leading time values, wherein the plurality of leading time
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values indicates a plurality of leading time durations (see, TS 38.214: Section
5.1.5, “The UE can be configured with a list of up to M TCI-State
configurations within the higher layer parameter PDSCH-Config to decode
PDSCH according to a detected PDCCH with DCI intended for the UE and
the given service cell, where M depends on the UE capability. Each TCI-
State parameters for configuring a quasi co-location relationship between
one or two downlink reference signals and the DM-RS ports of the
PDSCH.”).

TS 38.214 further discloses the UE device configured to receive an
indicator for antenna panel status information from a base station (BS) (see, TS
38.214: Section 5.1.5, “The UE receives an activation command [10, TS
38.321] used to map up to 8 TCI states to the codepoints of the DCI field
'Transmission Configuration Indication'.”); and apply one of the plurality of
leading time values to switch an antenna panel status of the plurality of antenna
panels based on the indicator for antenna panel status information (see, TS
38.214: Section 5.1.5., “the UE shall use the TCI-State according to the
value of the 'Transmission Configuration Indication’ field in the detected
PDCCH with DCI for determining PDSCH antenna port quasi co-location”).

Accordingly, it would have been obvious to one of ordinary skill in the art
before the effective filing date of the claimed invention to combine teachings of Li
with the teachings of TS 38.214 in order to implement the NR physical layer

procedures of the Release 15 into a wireless communication device.
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Regarding claim 12:

As discussed above, Li in view of TS 38.214 discloses all limitations in
claim 1.

TS 38.214 further discloses wherein the plurality of leading time values is
one of cell-specific values and cell group-specific values (see, TS 38.214:
Section 5.1.5, “The UE can be configured with a list of up to M TCI-State
configurations within the higher layer parameter PDSCH-Config to decode

PDSCH according to a detected PDCCH with DCI intended for the UE and

the given serving cell). Therefore, the PDCCH parameters that configures the

plurality of leading time values is a UE specific and a cell-specific value.

Regarding claim 17:
Claim 17 is directed towards a method that follows the same steps
described in claim 1. As such, claim 17 is rejected under similar rationale to claim

1.

Regarding claim 28:
Claim 28 is directed towards a method that follows the same steps
described in claim 12. As such, claim 28 is rejected under similar rationale to

claim 12.

10. Claims 2, 5-6, 18 and 21-22 are rejected under 35 U.S.C. 103 as being

unpatentable over Li in view of TS 38.214 further in view of MediaTek Inc. (“Discussion
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on NR UE Feature List’, 3GPP TSG RAN WG1 Meeting #93, R1-1806792, May 215!

25t 2018; hereinafter, MediaTek).

Regarding claim 2:

As discussed above, Li in view of TS 38.214 discloses all limitations in
claim 1.

Li in view of TS 38.214 further discloses wherein the processor is further
configured to: receive a timer from the BS (see, TS 38.214: Section 5.1.5, “The
UE receives an activation command”); and switch the antenna panel status
from a first antenna panel status to a second antenna panel status after the timer
expires (see, TS 38.214: Section 5.1.5, “When the HARQ-ACK corresponding

to the PDSCH carrying the activation command is transmitted in slot n, the

indicated mapping between TCI states and codepoints of the DCI field
'Transmission Configuration Indication’ should be applied starting from
slot n+3Nsior+1.” Here, the beam switching occurs at a specific time point of
slot n+3ms+1 after receiving the activation command.).

Also, in the same field of endeavor, MediaTek discloses a timer, PDSCH

beam switching, which is a time duration to determine and apply spatial QCL

information for corresponding PDSCH reception (see, MediaTek: Section 3.
Rel-15 NR Feature List, 2-2 PDSCH beam switching. The time duration is
defined counting from end of last symbol of PDCCH to beginning of the

first symbol of PDSCH).
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Accordingly, it would have been obvious to one of ordinary skill in the art
before the effective filing date of the claimed invention to combine teachings of Li
with the teachings of TS 38.214 and MediaTek in order to implement the NR
physical layer procedures of the Release 15 into a wireless communication

device.

Regarding claim 5:

As discussed above, Li in view of TS 38.214 discloses all limitations in
claim 1.

TS 38.214 further discloses wherein the processor is further configured to:
transmit an antenna panel status report to inform the BS of a change of the
antenna panel status (see, TS 38.214: Section 5.2 UE procedure for reporting
channel state information (CSI)).

MediaTek discloses the UE features for reporting antenna panel status to
BS of a change of the antenna panel status (see, MediaTek: Feature list # 2-21,

2-22, 2-23, 2-23a, 2-25, 2-29, 2-29a, 2-32a, 2-32b, elc. in 2. MIMO section).

Regarding claim 6:

As discussed above, Li in view of TS 38.214 and MediaTek discloses all
limitations in claim 5.

MediaTek further discloses wherein the antenna panel status report is

contained in one of a beam report and a Channel State Information (CSl) report
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(see, MediaTek: Feature list # 2-21, 2-22, 2-23, 2-23a, 2-25, 2-29, 2-29a, 2-

32a, 2-32b, etc. in 2. MIMO section).

Regarding claim 18:
Claim 18 is directed towards a method that follows the same steps
described in claim 2. As such, claim 18 is rejected under similar rationale to claim

2.

Regarding claim 21:
Claim 21 is directed towards a method that follows the same steps
described in claim 5. As such, claim 21 is rejected under similar rationale to claim

5.

Regarding claim 22:
Claim 22 is directed towards a method that follows the same steps
described in claim 6. As such, claim 22 is rejected under similar rationale to claim

6.

11.  Claims 11 and 27 are rejected under 35 U.S.C. 103 as being unpatentable over

Li in view of TS 38.214 further in view of 3GPP TS 38.321 (V15.2.0, 2018-06;

hereinafter, TS 38.321).

Regarding claim 11:
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As discussed above, Li in view of TS 38.214 discloses all limitations in
claim 1.

TS 38.214 further discloses wherein the indicator for antenna panel status
information is contained in a Transmission Configuration Indicator (TCI) state ID
indicated by the BS (See, TS 38.214: Section 5.15, “The UE receives an
activation command [10, TS 38.321] used to map up to 8 TCI states to the
codepoints of the DCI field 'Transmission Configuration Indication'”).

Also, in the same field of endeavor, TS 38.321 discloses wherein the TCI
State ID indicated by the BS which is used as QCL source for the resource within
Semi Persistent NZP CSI-RS resource set indicated by SP SCI-RS resource set
ID field (see, TS 38.321: Sections 6.1.3.12 and 6.1.3.15 and Table 6.2.1-1).

Accordingly, it would have been obvious to one of ordinary skill in the art
before the effective filing date of the claimed invention to combine teachings of Li
with the teachings of TS 38.214 and TS 38.321 in order to implement the NR
physical layer procedures of the Release 15 into a wireless communication

device.

Regarding claim 27:
Claim 27 is directed towards a method that follows the same steps
described in claim 11. As such, claim 27 is rejected under similar rationale to

claim 11.
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12. Claims 13 and 29 are rejected under 35 U.S.C. 103 as being unpatentable over
Li in view of TS 38.214 further in view of Alberth et al. (US 2013/0040581 A1,

hereinafter Alberth).

Regarding claim 13:

As discussed above, Li in view of TS 38.214 discloses all limitations in
claim 1.

Li in view of TS 38.214 does not explicitly disclose wherein the processor
is further configured to: automatically switch the antenna panel status from one to
one without further reception of an indicator for antenna panel status information
from the BS.

In the same field of endeavor, Alberth discloses wherein the processor is
further configured to: automatically switch the antenna panel status from one to
one without further reception of an indicator for antenna panel status information
from the BS (see, Alberth: paragraph [0043] discloses switching the antenna
panel status from a first antenna (i.e., a first antenna panel) to the first
selected antenna (i.e., a second antenna panel) in response to receiving the
indication of traffic type from the BS, and automatically switching to at
least one other antenna (i.e., a third antenna panel) for a remaining time
interval of the duty cycle period without further reception of an indication
of traffic type from the BS.).

Accordingly, it would have been obvious to one of ordinary skill in the art

before the effective filing date of the claimed invention to combine teachings of Li
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in view of TS 38.214 with the teachings of Alberth in order to identify a selected
antenna based on determining a performance of an antennas(s) and/or
comparing different antenna performances to enable the transmitter to get close,
or closer to, transmitting, to an antenna, a signal having the power level that
represents the transmitting power requirement (see, Alberth: paragraph

[0042]).

Regarding claim 29:
Claim 29 is directed towards a method that follows the same steps
described in claim 13. As such, claim 29 is rejected under similar rationale to

claim 13.

Allowable Subject Matter
13. Claims 3-4, 7-10, 14-16, 19-20, 23-26 and 30-32 are objected to as being
dependent upon a rejected base claim, but would be allowable if rewritten in
independent form including all of the limitations of the base claim and any intervening

claims.

Conclusion
14.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JI-HAE YEA whose telephone number is (571) 270-
3310. The examiner can normally be reached on MON-FRI, 7am-3pm, ET.
Examiner interviews are available via telephone, in-person, and video

conferencing using a USPTO supplied web-based collaboration tool. To schedule an
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interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Chi Pham can be reached on (571) 272-3179. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see https://ppair-
my.uspto.gov/pair/PrivatePair. Should you have questions on access to the Private
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).
If you would like assistance from a USPTO Customer Service Representative or access
to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-

272-1000.

Y./
Examiner, Art Unit 2471

/CHI H PHAM/
Supervisory Patent Examiner, Art Unit 2471
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116:52 -

OR 12020/07/23
: 16:53 :

:2020/07/23
116:58 :

2020/07/23

oN
| 118:48

USPAT; USOCR;

FPRS; EPO; JPO;

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO; :
DERWENT

2020/07/23

5 219:23

12020/07/23
:19:58 :

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT

ON

OR

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
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USPAT, USOCR; =

2020/07/23
21:58
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(UEuseradJeqUIpment)Wlth ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
i (receiv$3) with (timer) with (BS

 (UE user adj equipment) with

“ (receiv$3) with (timer) with (BS
- base adj station)

base adj station) with (switch$3)

FPRS; EPO; JPO; :
DERWENT | :

US-PGPUB;  OR  ON  2020/07/23

USPAT; USOCR; :22:15
FPRS; EPO; JPO; : :
DERWENT

US-PGPUB; ‘OR 'ON  12020/07/23
USPAT; USOCR; z 122:16 :
FPRS; EPO; JPO; :

DERWENT

*(UE) with (status near2 report$1)
‘with (channel adj state adj
_information CST) with (beam)
(UE) with (report$1) with

: (channel adj state adj
ginformation CSI) with (beam)

- (UE) with (beam near2 report$1)
‘with (channel adj state adj
“information CSI)

(HO4w48/20 HO4B17/309
‘HO4W76/28 H04W24/10

517

s18

519

524

775
253

207,04

10

* (UE user adj equipment) with
“(receiv$3) with (timer) with (BS

‘base adj station) with (switch$3)

‘HO4W52/0216
-H04W?72/042).cpc.

1519 and (scheduling adj offset
‘adj value$1)

(scheduling adj offsetadj
;value$1)

US-PGPUB; 3 ON  2020/07/23
USPAT 122:17 -

US-PGPUB; OR ON  2020/07/23
USPAT 22:32 ;

USPGPUB;  OR  ON  2020/07/23
USPAT ;22:35 '

US-PGPUB; ~ OR  ON  2020/07/23
USPAT 122:36 |

USPGPUB; ~ OR  ON  2020/07/24
USPAT; USOCR; 3 112:08 :
FPRS; EPO; JPO; f

US-PGPUB; , ‘ON :2020/07/24
USPAT; USOCR; 12:12 :
FPRS; EPO; JPO; : :

DERWENT ?

USPGPUB;  OR  ON  2020/07/24

USPAT; USOCR; 12:14
FPRS; EPO; JPO; | é
DERWENT

- (DRX with Timer) with (Power)
‘with (Antenna$1)

US-PGPUB; : ON  2020/07/24
USPAT; USOCR; z 113:56 :
FPRS; EPO; JPO; ?

DERWENT '

‘(DRX adj Inactivity adj Timer)

‘with (Power)

US-PGPUB; 3 ‘ON 12020/07/24
USPAT; USOCR; ©13:57 -
FPRS; EPO; JPO; : ?

DERWENT

- (DRX near4 Timer) with (Power)

‘same (antenna$l)

US-PGPUB; : ‘ON :2020/07/24 Q
USPAT; USOCR; ; 14:21
FPRS; EPO; JPO; f

DERWENT 3
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528

29

(DRX with off) with (sleep)

31

| (DRX with DTX)

533

211,827
 HO4W76/28 HO4W24/10

S35

‘antenna with (tci transmission
-adj configuration adj indicator)

537

540 161 (UE)and (SUL supplementary ~ US-PGPUB;
-adj uplink) and (SIB) and (timer)

s

29

50  (CladjstateadjlD)

%

|(DRX near5 Timer) same (power
‘sleep) same (antenna$l)

167 (DRX with off) with (sleep adj

- mode)

(antenna with panel with
state$1)

(HO4W48/20 H04B17/309

'HO4W52/0216

-H04W72/042).cpc.
1534 and (antenna with panel
‘with state$1)

(many plurals3) near3beam
‘near3 switch$3 near3 tim$3 and

‘antenna

(beam near2 switching) with
- (timer)

DERWENT
OR

USPGPUB;

DERWENT 5
OR

 DERWENT

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO; -

DERWENT %

OoN
i 116:25

US-PGPUB;

USPAT; USOCR;
FPRS; EPO; JPO; :
DERWENT :

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;

US-PGPUB;

USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT ‘

US-PGPUB;

USPAT; USOCR;
FPRS; EPO; JPO; :
DERWENT

USPAT; USOCR;
FPRS; EPO; JPO; |
DERWENT :
US-PGPUB;

USPAT; USOCR;
FPRS; EPO; JPO;

US-PGPUB;

USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT '

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;

US-PGPUB;

USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT :
US-PGPUB;

USPAT; USOCR;
FPRS; EPO; JPO;

DERWENT =
OR

US-PGPUB;

USPAT; USOCR;
FPRS; EPQ; JPO;
DERWENT V

OR

ON

‘ON

ON

ON

OoN

ON

ON

:2020/07/24
114:28 :

2020/07/24

12020/07/24
116:37 f

12020/07/24
16:37 |

12020/07/24
16:55 é

12020/07/27
02:37 |

12020/07/27
102:38 :

2020/07/27
238

:2020/07/29
112:47 :

2020/07/29
:12:47 :

12020/07/29
:12:52 '

2020/07/29
12:55
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542

43

‘antenna with (tci transmission
:adj configuration adj indicator)
with ID

45

(channel adj state adj
;information CSI) and (LTE NR)

547

49

s51

* (cell-specific cell adj specific) and
- (cell adj group adj specific cell
:adj group-specific)

=

17

139

%(ie information adj element) with
‘(power adj sav$4) same antenna

(ie information adj element) with
- (power adj sav$4) same antenna
‘and (bit$1)

(Threshold-Sched-Ofset) and.
(5G NR)

‘(channel adj state adj

‘information CSI) with
: (information adj element$1) and
(LTE NR)

‘(channel adj state adj
‘information CSI) with
: (information adj element$1) with

{(bit$1) and (LTE NR)

i (channel adj state adj
‘information CSI) with
: (information adj element$1) with
{(antenna beam) and (LTE NR)

(power adj sav$4) same
- (antenna) same (drx
(discontinuous adj reception))

(UE) same (beam) with (status
‘adj information)

~ (Threshold-Sched-Offset) with KO

DERWENT
US-PGPUB; OR

 DERWENT

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO; -

DERWENT | |
' ON

US-PGPUB;

USPAT; USOCR; :
FPRS; EPO; JPO;
DERWENT :

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;

USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT

US-PGPUB;

USPAT; USOCR;
FPRS; EPO; JPO; :
DERWENT

US-PGPUB;  OR

USPAT; USOCR;
FPRS; EPO; JPO; |
DERWENT :

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT

US-PGPUB;  OR

USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT '

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;

US-PGPUB;

USPAT; USOCR; :
FPRS; EPO; JPO;
DERWENT :

US-PGPUB;

USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT 5

USPGPUB; ~ OR

USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT

ON

‘ON

ON

ON

OoN

ON

ON

:2020/07/29
119:34 :

2020/07/29
:19:37 :

12020/07/29
119:41 :

12020/08/21
15:49 :

12020/08/24
11:29 5

12020/08/24
11:30 |

12020/08/24
111:30 :

2020/08/24
11:33 |

:2020/08/24
113:55 :

2020/08/24
14:22 :

12020/08/24
14:25 |

2020/08/24
19:45
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1S54

%(antenna$1 beam$1) with (on)

S57

ﬁ(antenna adj panel adj status adj
_report$1)

559

(HO4wW48/20 H04B17/309
:HO4W76/28 H04W24/10
 HO4W52/0216

_HOAw72/042).cpc.
:560 and (KO adj parameter) and

st 2
; (K2 adj parameter)

- (KO adj parameter) and (K2 adj
- parameter)

47

133

119 (beam adj status adj reports1)

- (Threshold-Sched-Offset)
~(antenna beam) with (turned adj

gon)

(antennas beamsl) with
(number) with (on)

8/24/2020 11:22:55 PM
C:\Users\jyea\Documents\EAST\Workspaces\16511170 - Cheng (FG Innovation) - Methods and
Apparatuses for Operating Multiple Antenna Panels.wsp

DERWENT
US-PGPUB; OR

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO; -

DERWENT %

OoN
i 121:07

US-PGPUB;

USPAT; USOCR; :
FPRS; EPO; JPO;
DERWENT :

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;

USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT

US-PGPUB;

USPAT; USOCR;
FPRS; EPO; JPO; :
DERWENT

US-PGPUB;  OR

USPAT; USOCR;
FPRS; EPO; JPO; |
DERWENT :

US-PGPUB;
USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT

US-PGPUB;  OR

USPAT; USOCR;
FPRS; EPO; JPO;
DERWENT '
US-PGPUB;

USPAT; USOCR;
FPRS; EPO; JPO;

ON

‘ON

ON

OoN

ON

ON

:2020/08/24
119:45 :

2020/08/24

12020/08/24
21:07 |

12020/08/24
21:08 :

12020/08/24
21:11 :

12020/08/24
21:11 |

12020/08/24
123:20 :

2020/08/24
123:20 |

:2020/08/24
123221

 DERWENT :
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DISCRETE FOURIER TRANSFORM (DFT) CODEBOOK AND
FEEDBACK SCHEMES

BACKGROUND

[0001] Wireless mobile communication technology uses various standards and protocols
to transmit data between a node (e.g., a transmission station) and a wireless device (e.g., a
mobile device). Some wireless devices communicate using orthogonal frequency-division
multiple access (OFDMA) in a downlink (DL) transmission and single carrier frequency
division multiple access (SC-FDMA) in uplink (UL). Standards and protocols that use
orthogonal frequency-division multiplexing (OFDM) for signal transmission include the
third generation partnership project (3GPP) long term evolution (LTE) Release 8, 9, 10,
11, 12 and 13, the Institute of Electrical and Electronics Engineers (IEEE) 802.16
standard (e.g., 802.16e, 802.16m), which is commonly known to industry groups as
WiMAX (Worldwide interoperability for Microwave Access), and the IEEE 802.11

standard, which is commonly known to industry groups as WiFi.

[0002] In 3GPP radio access network (RAN) LTE systems (e.g., Release 13 and earlier),
the node can be a combination of Evolved Universal Terrestrial Radio Access Network
(E-UTRAN) Node Bs (also commonly denoted as evolved Node Bs, enhanced Node Bs,
eNodeBs, or eNBs) and Radio Network Controllers (RNCs), which communicates with
the wireless device, known as a user equipment (UE). The downlink (DL) transmission
can be a communication from the node (e.g., eNodeB) to the wireless device (e.g., UE),
and the uplink (UL) transmission can be a communication from the wireless device to the

node.

BRIEF DESCRIPTION OF THE DRAWINGS
[0003] Features and advantages of the disclosure will be apparent from the detailed
description which follows, taken in conjunction with the accompanying drawings, which

together illustrate, by way of example, features of the disclosure; and, wherein:
[0004] FIG. 1 illustrates an antenna model in accordance with an example;

[0005] FIG. 2 illustrates an antenna subarray in accordance with an example;
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[0006] FIG. 3 illustrates an antenna subarray structure in accordance with an example;

[0007] FIG. 4 illustrates a performance comparison for a novel discrete Fourier transform

(DFT) codebook in accordance with an example;

[0008] FIG. 5 illustrates an antenna array for a two-sector base station in accordance with

an example;

[0009] FIG. 6 illustrates a performance comparison for a novel discrete Fourier transform
(DFT) codebook and an auto-correlation matrix based feedback scheme in accordance

with an example;

[0010] FIG. 7 illustrates a performance comparison for a novel discrete Fourier transform

(DFT) codebook and no feedback scheme in accordance with an example;

[0011] FIG. 8 illustrates a multi-beam transmission from a base station in accordance

with an example;

[0012] FIG. 9 illustrates a performance comparison for discrete Fourier transform (DFT)

based feedback for multi-beam transmission in accordance with an example;

[0013] FIG. 10 depicts functionality of a user equipment (UE) operable to select
codebook indexes from discrete Fourier transform (DFT) codebooks in accordance with

an example;

[0014] FIG. 11 depicts functionality of a base station operable to process codebook
indexes in discrete Fourier transform (DFT) codebooks received from a user equipment

(UE) in accordance with an example;

[0015] FIG. 12 depicts a flowchart of a machine readable storage medium having
instructions embodied thereon for selecting codebook indexes from discrete Fourier

transform (DFT) codebooks in accordance with an example;

[0016] FIG. 13 illustrates an architecture of a wireless network in accordance with an

example;

[0017] FIG. 14 illustrates a diagram of a wireless device (e.g., UE) in accordance with an

example;

[0018] FIG. 15 illustrates interfaces of baseband circuitry in accordance with an example;

and

Ex.1002
APPLE INC. / Page 233 of 404



10

15

20

25

30

WO 2018/031082 PCT/US2017/028925

[0019] FIG. 16 illustrates a diagram of a wireless device (e.g., UE) in accordance with an

example.

[0020] Reference will now be made to the exemplary embodiments illustrated, and
specific language will be used herein to describe the same. It will nevertheless be

understood that no limitation of the scope of the technology is thereby intended.

DETAILED DESCRIPTION

[0021] Before the present technology is disclosed and described, it is to be understood
that this technology is not limited to the particular structures, process actions, or materials
disclosed herein, but is extended to equivalents thereof as would be recognized by those
ordinarily skilled in the relevant arts. It should also be understood that terminology
employed herein is used for the purpose of describing particular examples only and is not
intended to be limiting. The same reference numerals in different drawings represent the
same element. Numbers provided in flow charts and processes are provided for clarity in
illustrating actions and operations and do not necessarily indicate a particular order or

sequence.

EXAMPLE EMBODIMENTS

[0022] An initial overview of technology embodiments is provided below and then
specific technology embodiments are described in further detail later. This initial
summary is intended to aid readers in understanding the technology more quickly but is
not intended to identify key features or essential features of the technology nor is it

intended to limit the scope of the claimed subject matter.

[0023] In 3GPP LTE systems, discrete Fourier transform (DFT) based codebooks with
uniform antenna spacing based beamforming has been adopted as a closed loop multiple-
input multiple-output (MIMO) scheme. A base station can transmit a channel state
information reference signal (CSI-RS) to a user equipment (UE), and the UE can measure
a channel vector (g) between the base station and the UE. The UE can determine a

preferred matrix index (PMI) to maximize signal-to-noise ratio (SNR).

[0024] In one example, with respect to a rank-1 transmission (for beam forming), a
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quantization scheme can be defined as follows: & = @(g) = ¢,,,, wherein g is the channel
vector between the base station and the UE, Q(g) represents a quantization function for g,
and c,, represents a m’th codeword from a codebook. In one example, m =

arg m’?xl g7 ¢, |, wherein m represents a codeword index, gT represents a transpose of g,
and ¢, represents a k’th codeword from a codebook.

[0025] In one example, the codebook (c;) can be represented as follows: ¢, =

1 Jjemk Jem(N-Dk]T
\/_ﬁ[l enN .. e N | k=1,

., N, wherein N represents a number of antennas

at the base station, and k represents a codebook index. The UE can select a DFT
codebook index, and the UE can feed back the DFT codebook index to the base station.

The base station can perform precoding based on the DFT codebook index.

[0026] In one example, the quantization scheme can be designed for fully digital MIMO
system with a reduced number of antennas. As the number of antennas increases, hybrid
beamforming can be utilized to decrease power consumption and increase coverage

range.

[0027] FIG. 1 illustrates an example of a base station antenna model. The base station
antenna model can be a uniform rectangular panel array. The uniform rectangular panel
array can include My N, panels, wherein M, represents a number of panels in a column,
and N, represents a number of panels in a row. An inter-panel distance in a vertical
direction (or vertical domain) can be represented by dg y,, and an inter-panel distance in a
horizontal direction (or horizontal domain) can be represented by d 5, On each panel,
there can be N antennas in the vertical direction and M antennas in the horizontal
direction, wherein N and M are integers. An inter-element spacing in the vertical direction
can be represented by dy, and an inter-element spacing in the horizontal direction can be

represented by dy. In addition, there can be a total of NM M N, antennas per polarization.

[0028] As shown in FIG. 1, inter antenna element distances can be different from each
other, and inter panel distances can be different from each other. In other words, due to
the panel structure, distances between the antennas can vary, and distances between
individual panels can vary. In addition, each radio frequency (RF) chain in the panel can
be connected to multiple antennas with a phase shifter (e.g., by using hybrid

beamforming).
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[0029] In the present technology, various novel quantization and feedback schemes are
described. These novel quantization and feedback schemes can be utilized along with
existing DFT based quantization techniques for a base station with a rectangular panel
array. The novel quantization and feedback schemes can account for various inter panel
and antenna element distances, as well as sectors, at the base station. The novel
quantization and feedback schemes can increase throughput (e.g., SNR) as compared to

existing DFT based codebooks.

[0030] In the present technology, the novel quantization and feedback schemes can be
advantageous over previous DFT based schemes. For example, the novel quantization and
feedback schemes can consider that: the base station has a rectangular panel array and
serves a single UE, inter antenna element and inter panel distances can be different at the

base station, and an antenna array for analog beamforming can have an arbitrary size.

[0031] In the present technology, the UE can update a DFT based codebook according to
the base station antenna array. The UE can feed back a codebook index (i.e., only an
index from one codebook). The UE can utilize a feedback scheme in which the UE
receives signals from different sectors of the base station or from multiple base stations.
Alternatively, the UE can utilize a feedback scheme that reduces an effect of coarse
quantization at the codebook. In another alternative, the UE can utilize a feedback scheme
which considers a multi-beam transmission at the base station. In addition, a scheme for

analog beamforming that reduces a feedback size can be utilized.

[0032] In the present technology, the novel quantization and feedback schemes can be
utilized for MIMO within a cell and with respect to a rectangular panel array. The novel
quantization and feedback schemes can take into account inter panel and antenna element
distances, analog beamforming, and properties of an effective channel. In addition, the
novel quantization and feedback schemes can be expected to have higher average
throughput and a lower feedback size restriction as compared to previous DFT based

codebooks.

[0033] FIG. 2 illustrates an example of an antenna subarray. As previously explained, a
uniform rectangular panel array can include M N, panels. Each panel can be partitioned
into Ay X Ay subarray(s), wherein Ay represents a number of antennas in a horizontal

direction and Ay represents a number of antennas in a vertical direction. Each panel can
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be partitioned into the Ay X Ay subarray for analog beamforming. In addition, each

antenna subarray for analog beamforming can be connected to one RF chain for digital

NM
AyvAn

processing. Therefore, a given panel can have subarrays and RF chains per

polarization.

[0034] FIG. 3 illustrates an example of an antenna subarray structure. As shown, a
distance between antenna subarrays on a given panel in a vertical direction can be
represented by dg . wherein d;, = Ay dy,. A distance between antenna subarrays on a
given panel in a horizontal direction can be represented by d , wherein d;; = Aydy. A
distance between adjacent antenna subarrays between two panels in the vertical direction
can be represented by dg, ., wherein dsgy = dgy — (M — Ay)dy. A distance between
adjacent antenna subarrays between two panels in the horizontal direction can be

represented by dsg gy, wherein dygy = dgy — (N — Ag)dy.

[0035] In one example, with respect to MIMO codebook/quantization techniques, M,
can represent a number of RF chains in the horizontal direction at the base station, and

N,.; can represent a number of RF chains in the vertical direction at the base station. Here,

MM NN MM o
M, = —*% and N, = —%. In other words, there can be M, = —2 RF chains in the
An Ay An

. L . NN L . L
horizontal direction at the base station and N,., = A—g RF chains in the vertical direction
4
at the base station. There can also be one RF chain at the UE.

[0036] In one example, a rank-1 transmission (for beam forming) can be extended to
multiple RF chains when an appropriate receiver filter is applied. In addition, the rank-1
transmission can be extended to a multi-rank transmission using a corresponding receiver

filter and treating each effective channel as a rank-1 transmission.

[0037] In one example, the base station and the UE can perform a sector sweep
procedure. The UE can feed back an optimal analog beamforming direction to the base
station. Based on this received feedback, the base station and UE can perform analog
beamforming using phase shifters. Each analog beamforming array per RF chain can

select a beamforming direction from a common analog codebook.

[0038] In one example, the analog codebook (4; ;) can be represented as follows: A; ; =

Ap ® A,, whereini =1, ...,V and j =1, ..., H. Here, A}, represents an analog codebook
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in the horizontal direction, and A, represents an analog codebook in the vertical direction.
In addition, i can represent a codebook index in the vertical direction for beamforming,
wherein V represents an integer in the vertical direction, and j represents a codebook
index in the horizontal direction for beamforming, wherein H represents an integer in the

horizontal direction.

[0039] In one example, the following equations can be derived:

T
2md 2nd
1 ; 1% . i 14 _ B
A, = 1,€] ) C05(<P1), -, el (Ay—1) cos(p;) ,

VAv

1 2T4H ¢65(6;) sin(py) 220 (4, 1) cos(8;) sin(g;) ’ :
Ap = = [1, el JSIey - el Ve J Pt ] , wherein @; represents a
H

zenith angle of departure, 6; represents an azimuth angle of departure, 4 represents a
radio wavelength, and T represents a transpose function.

[0040] In one example, after applying analog beamforming, an effective channel matrix
(gU))T can be obtained, and the effective channel matrix (g(f))T canbe 1 X NypM, ;.
Here, f can represent a subcarrier or tone index. In addition, g” = vec(G?), wherein

GP is Ny X M,; and vec(-) is a vectorization operation.

. . . H
[0041] In one example, an input-output relation can be written as: y = (g7) " wx + n,
wherein y represents a received signal, w represents a N,.s M., X 1 digital beamforming

vector, X represents input data, and n represents noise.

[0042] In one example, after analog beamforming, the base station can send a channel
state information reference signal (CSI-RS) to the UE. Based on the CSI-RS, the UE can

estimate the channel, g7, between the base station and the UE.

[0043] In one example, the UE can select a DFT codebook index from a predefined DFT
codebook, and the UE can feedback the DFT codebook index to the base station. The UE
can feedback the DFT codebook index via a narrowband transmission or a wideband
transmission. For the narrowband transmission, a quantized channel (g) can be
represented by € = Q(g), wherein Q(g) represents a quantization function. For the
wideband transmission, a largest eigenvalue of R, can be determined, wherein R,

represents an auto correlation matrix of the channel, and can be represented as follows:
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R, = ﬁZ}VET ((gm)Hgm). Here, Nppr represents a Fast-Fourier Transform (FFT)

size, and H represents a Hermitian function. In addition, v can denote a corresponding
eigenvector for a largest eigenvalue, and a quantized channel (g) can be obtained as

follows: & = Q(v), wherein Q(-) represents a quantization function.

[0044] In one example, as a performance matrix, a receive SNR can be maximized in

[ w|

accordance with the following: Wz wherein w = g.

[0045] In one example, with respect to channel quantization, a codebook for limited
feedback in the horizontal direction can be represented by C;, ;, . and Cp,;, =

{€h1,Cnzs - » Cn1, }- Wherein Ly, represents a codebook size in the horizontal direction.
Similarly, a codebook for limited feedback in the vertical direction can be represented by
Cyp,-and G, ;= {cy1,¢p2, ..o, €y 1, }. Wherein L, represents a codebook size in the
vertical direction.

[0046] In one configuration, a two-stage DFT based quantization scheme can be defined
for within a sector at the base station. If each panel has a single RF chain, then a distance
between subarrays can be dgg and dgg ., Wherein dggy = dgy and dgg y = dg . Then,
the DFT codebook, which can include a DFT codebook in the vertical direction (¢, ;) and

a DFT codebook in the horizontal direction (cj, x), can be defined as follows:

1 jamk jam(Nyp—1)k]

Cyok = 77— Ny 07 N, ;0 Jk=1,..,N.;0;
/Ng [1 e e 01 ]
1 j2mk jan(My -1k

Chi = \/Fg[l M0z ew] k=1, '"JMrfOZ

Here, O, represents an oversampling ratio for the vertical direction and O, represents an
oversampling ratio for the horizontal direction.

[0047] In one example, this DFT codebook structure can be independent of inter-subarray
spacing dgg y and dgg y, and the DFT codebook structure can be applicable for any inter-

panel spacing. In addition, when inter-panel spacing is larger, a beam width can become

d v dg,H .
-, —- can increase.

narrower, and a number of grating lobes, 127 A2

[0048] In one example, the DFT quantization can be defined as follows: § = Q(g) =
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Cran» such that m, n = argmax|gfc,,,,|. In this example, €, = Cpn & €. Here, Cpp
mn

can represent a code word obtained by a Kronecker product of codewords of horizontal
and vertical directions, €y, € {Cpi, k = 1, ..., M;0,} can represent a code word for the
horizontal direction, and ¢,,,, € {Cyx, kK = 1, ..., N,.; O, } can represent code word for the

vertical direction.

[0049] In one example, when cross-polarized antennas are considered, a precoding matrix
glh

(W,) can be given by: W, = < 0 8 ), wherein g, and g,,, represent quantized

P2
channels for horizontal and vertical polarization. An overall beamforming matrix (W) can
be equal to W = W, W,, wherein W, = [1 a]” and a represents a co-phasing parameter.
Here, W, can co-phase two beams for a rank-1 transmission (for beam forming), or W,
can be a matrix transformation for a rank-2 transmission (for a spatial multiplexing

configuration).

[0050] In one configuration, if each panel has multiple RF chains, the DFT codebook can
be updated since spacing between RF chains can be different (as shown in FIG. 3). Due to
the spacing between RF chains being different, dsg # dgy and/or dggy #+ dgpy. If a

number of RF chains in the horizontal direction is represented by M,.; and a number of

.. . L Mys N
RF chains in the vertical direction is represented by N,.f, then there can be L Nrf RF
g g
chains per panel.
[0051] Accordingly, the DFT codebook can be updated as follows:
= 1 [ j2mk j2n(NTf—1)k]T
L Ny, 1 eNrfO1 e NrsOq
) . T
. j2n(dsgv—dsv)K j2n(dsgv—dsy)(Ng—1)K
ok dlag <[1 e Nrsfolds,ls/ e sgN’“fofder “ °Y 1M Cok
p
k=1,..,Nf0,,and
P 1 [ jemk j2n(MTC—1)k]T
e ML et e M0
) j2m(dsgn—ds )k j2m(dsgn—dsu) (Mg—1k]T
Uy < diag ([1 641\4:?02(15; e SgMTfOZas,H < ] & ly) Chk
g
9
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. . . . N
k =1, .., M,;0,, wherein 1, is one vector with a size N—rf Here, v, can represent a
N g

g

k’th codeword for the vertical direction, and v, , can represent a k’th codeword for the
horizontal direction.
[0052] In one example, the UE may not previously possess information about inter-

antenna element and panel spacing. Rather, in the horizontal direction (v, ), the UE can

. . . dsgn—d . .
search for within a certain resolution (e.g., S, = % = [0.1,0.2, etc.]), and identify
S, H

dsgu—dsH

an optimal S, = . Here, S, can represent an optimal inter-element and panel

S,H

spacing in a horizontal domain such that a throughput between the base station and the

UE is maximized, or S, S, = arg_max |8¥ «Vinn|- The UE can feedback only an index
mmnsp,Sy

k of v, ., since the base station can already know its own panel and antenna element

distances. Similarly, for the vertical direction (v,, ), the UE can determine an optimal
Su — dsg,V_ds,V

> . Here, S,, can represent an optimal inter-element and panel spacing in a
sV

vertical domain.
[0053] In one example, the parameters M,.r, N,.r, Mg, Ny, Oy, O, can be configured for

the UE via higher layer signaling from the network.

[0054] In one configuration, given the parameters M,.¢, N,.r, My, Ny, 04, 0;, S,,, and Sp,
the UE can determine feedback indexes n and m. In addition, the DFT quantization can

be defined as follows: § = Q(g) = V. such that m, n = arg max|g? , v |. In this
mn

example, V,,,, = v, & v,,,,. Here, v,,,,, can represent a code word obtained by the
Kronecker product of code words of the horizontal and vertical directions, v, €
ik =1,...,M.;0,,} canrepresent a code word for the horizontal direction, and

Vyn € {Vyr,k =1,..., Ny Oy, } can represent a code word for the vertical direction.

[0055] Moreover, the following equations can be defined:

. jomS ik j2ms, (Ng—1Dk7T
vmaios([, FEE P @)
Ng
1 [ jomk jZn'(NT[—l)k]T
X \/N_ 1 eNrfO1 e Ny 701
rf
10
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. j2mSak jems,(Mg—1)k7T
vy = diag [1 o Mrs02 e_Mrfoz_] K 1m,,
e
« 1 [ jomk jZﬂ(Mrf—l)k]
\/M+rf 1 eMrrO2 e M0,

In one example, if inter panel and antenna element distances are the same S$; = S, = 0,
wherein S; and S, represent a phase correction parameter for the vertical and horizontal
directions, respectively, or if dgg g = 0.64,dgy = 0.54, then S, =0.2.

[0056] FIG. 4 illustrates an example of a performance comparison for a novel discrete
Fourier transform (DFT) codebook. In this example, My = 4, N, = 2, 0, = 8, 0, = 8,
M=4N=2A,=2A,=2,S, =20and S, = 20. In this example, a user equipment
(UE) can have a 2 X 4 analog beamforming array, and a double directional geometric
channel can be utilized with L=10 paths with Gaussian distributed path gain. As shown in
FIG. 4, an ideal feedback is compared to the novel DFT codebook and an existing DFT
codebook. The novel DFT codebook can have significant gain when considering an array

antenna with different inter panel and antenna element spacing.

[0057] In one configuration, a two-stage DFT based quantization scheme can be defined
for multi sectors at the base station. Here, a DFT codebook structure and feedback
schemes can be defined when there is a channel between Sy sectors at the base station
and the UE.

[0058] FIG. 5 illustrates an example of an antenna array for a two-sector base station. The
base station can include a first sector and a second sector. The first sector can include a
first antenna subarray structure and the second sector can include a second antenna
subarray structure. In a given sector (e.g., the first sector or the second sector), a distance
between antenna subarrays on a given panel in a vertical direction can be represented by
dsy, wherein d;y = Aydy. A distance between antenna subarrays on a given panel in a
horizontal direction can be represented by dg g, wherein dg y = Aydy. A distance
between adjacent antenna subarrays between two panels in the vertical direction can be
represented by dgg4 v, wherein dggy = dgyy — (M — Ay)dy. A distance between adjacent
antenna subarrays between two panels in the horizontal direction can be represented by

ng,H> Whel'eln ng,H = dg,H - (N - AH)dH

11
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[0059] In one example, assuming that each sector has the same antenna array structure, a
same codebook can be utilized for each sector. A channel between sector s; and a k™ UE

can be denoted by g, { = 1, ..., Sy, wherein Sy represents a total number of sectors.
Then, a quantized precoding matrix (g) can be defined according to: § =
~ ~ ~ T PN
[aslggl,aszggz, ...,asNggN] . wherein g, = Q(gsi) =V, and mn =
argmax|gl v,,,|. i = 1, ..., Sy. Here, a;,i = Sy, ..., Sy, can represent coefficients which
mn
minimize a least square error minimizing with channel and beamforming vector, and
gl,i=S5,,..,Sy, can represent a quantized channel for sector i.
[0060] In one example, an optimal coefficient vector (a) can be determined by solving

the following least square problem: a = arg min ||g — Ca”z, wherein g =
a

g, 0 - 0
~ 0 g 0 .
[gf.8%, ... ggN]T, a=|asg, .., aSN]T, and G = 0 gfz . Then, the solution
0 0 - g

is the following: a = G¥g, based on (GHG)_l =1L

[0061] In one example, the UE can feedback the coefficient vector a. In addition, the

vector a can be quantized with a selected resolution to limit a feedback size.

[0062] In one configuration, several feedback schemes can be defined for when there is a
single sector at the base station. These feedback schemes can be with respect to auto-
correlation matrix based quantization, phase correction in the analog domain, and DFT

feedback for multi-beam transmission.

[0063] In one example, with respect to auto-correlation matrix based quantization, a
novel quantization technique can be defined to reduce an effect of quantization noise,
which enables a reduction in feedback size. This quantization technique can be extended

to a single user case.

[0064] In one example, an autocorrelation matrix of a channel for a given codebook
(V) can be defined. In this example, R,,., = E{gg"}, wherein g € {g|0(g) = V,un}»
vm, n. Here, R,,,, can represent an autocorrelation matrix of the channel for a given code

word v,,,,,. A SNR maximizing scheme (S§NR,,,,) can be considered in accordance with

12
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2
E|gfw| wHR W o ‘
{||w||2 } = ||w1|'|lzn . Then, a SNR maximizing beamforming

the following: SNR,,,,, =

vector can be a principal Eigen-vector of R,,,,. In other words, w can be an Eigen vector
of (R,,,). As aresult, the auto-correlation matrix based quantization can be defined in
accordance with the following: & = Q(g) = Eigen vector of (R,,,,,), such that m,n =

arg max|gf R, ,g|. This autocorrelation matrix based quantization can be applicable to
mn
any type of codebook structure.

[0065] FIG. 6 illustrates an example of a performance comparison for a novel discrete
Fourier transform (DFT) codebook and an auto-correlation matrix based feedback
scheme. In this example, My = 4, Ng =2, M =4,N=2,A, = 2, A, = 2, S, = 8, and
Sh = 8. In this example, a user equipment (UE) can have a 2 X 4 analog beamforming
array, and a double directional geometric channel can be utilized with L=1 paths with
Gaussian distributed path gain. As shown in FIG. 6, an ideal feedback is compared to an
autocorrelation based on O; = O, = 1, anovel DFT codebook based on O; = 0, =1,
and a novel DFT codebook based on O; = O, = 2. The autocorrelation matrix based
feedback scheme can utilize a reduced codebook size as compared to the DFT codebooks

for similar performance.

[0066] In one example, with respect to phase correction in the analog domain, phase
values of phase shifters can be adjusted according to an array structure of the base station.
In other words, analog beamforming arrays can use the analog beamforming codebook by

adjusting its phase values.

[0067] In one example, the phase values of the phase shifters can be: A, = A, @ A4,
wherein A, represents a combined code word (analog beamforming vector) obtained by a
Kronecker product of A, and A,,, A;, represents an analog beamforming vector in the
horizontal direction, and A,, represents an analog beamforming vector in the vertical

direction.

[0068] Moreover, the following equations can be defined:

2n(dgy—Ndy) ' 2n(dgy—Ndy) ) T
A, = diag ([1, e]—/#cos(tpl), . e]—/#(Ng—l) cos((pl)] ® 1y

13
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T
2nd
TEL Y(NNg—1) cos((pi)]

X

1 21dy
[ €

1. et~ cosle) )
JNN L ’

Ap

T
= diag ([1’ ejwcos(ej)sin(%), " ejw@”g_l) cos(6;) sin((pi)} ® 1M>

T
1 1 j#cos(é}j) sin{e;) jzan(MMgfl) cos(6;) sin(gy)
X——|1,e Y ,
g

wherein 1y represents a column vector of size N with elements 1, and 1, represents a

column vector of size M with elements 1.

[0069] In one example, depending on the channel, no feedback can be utilized, as

follows: g = [1, ...,1]7.

[0070] In one example, a vector size can be M, N, X 1. Alternatively, in general, the

previous feedback schemes can be utilized.

[0071] FIG. 7 illustrates an example of a performance comparison for a novel discrete
Fourier transform (DFT) codebook and no feedback scheme. In this example, O; = 1,
0,=1.Mg=4Ny=2.M=4N=2A, =2 A,=2.S,=6,and S, = 6. In this
example, a user equipment (UE) can have a 2 X 4 analog beamforming array, and a
double directional geometric channel can be utilized with L=10 paths with Gaussian
distributed path gain. As shown in FIG. 7, an ideal feedback is compared to no feedback,
anovel DFT codebook based on O = 1, and a novel DFT codebook based on O = 8.
When phase compensation is performed at the phase shifters, the feedback size can be

reduced and even no feedback can achieve favorable performance.

[0072] FIG. 8 illustrates an example of a multi-beam transmission from a base station.
With respect to DFT feedback for multi-beam transmission, the base station can transmit
data to a user equipment (UE) using multiple beams. A number of beams that are used to
transmit the data can be denoted as B.

[0073] In one example, an indicator matrix A;yq,; of size Ny X M, can be defined,

which can indicate RF chain indexes of beam i. In one example, the indicator matrix

14
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0 0 1 1
0 0 1 1
A4 can be defined in accordance with the following: A, ; = L
0 0 1 1
0 0 1 1

[0074] In one example, a diagonal matrix D; can be defined as follows: D; =
diag(vec(Amd,i)),i =1, ..., B. Then, a quantization can be defined in accordance with
the following: & = Q(g) = X2, a;v(;, wherein «; represents coefficients which
minimize the least square error minimizing with channel and beamforming vector and

V() = DV, such that m, n = arg max| gHD;v,,,,|. Here, the a;’s can be determined
mn
based on the following: [ay, ..., ag]T = (VHV)"1VHg wherein V = [v(), ..., v .

[0075] In one example, for the above quantization scheme, a; can be quantized for a

limited feedback case. In addition, for each group of RF chains, phases and amplitudes

|ail
max{|a;|, i=1,.B}

can be quantized separately as follows: |0cq_i| = Qp, ) i=1,..,Band

phase(ag;) = Qp, (phase(agy)). i = 1,..., B, wherein Q () is a quantizer with b, and
b,,-bits resolution. In a special case, no amplitude and phase information feedback can be

achieved by setting the quantization bits to b, and b,-bits to zero.

[0076] FIG. 9 illustrates an example of a performance comparison for discrete Fourier
transform (DFT) based feedback for multi-beam transmission. More specifically, the
performance comparison can be for a rectangular panel array with multi-beam
transmission. In this example, My =4, N; = 2,0, =4,0, =4, M=4,N=2,A, =2,
A, =2,S, = 3, and S, = 3. In this example, a double directional geometric channel can
be utilized with L=10 paths with Gaussian distributed path gain. As shown in FIG. 9, an
ideal feedback is compared to a multi-beam DFT feedback and a single beam DFT
feedback. The multi-beam DFT feedback can have an increased gain as compared to the

single beam DFT feedback.

[0077] In one configuration, DFT codebook design with rectangular panel arrays and
feedback schemes can be defined. The UE can determine the following parameters: M,.f,
Nyg, My, Ng, 04, 05, Sy, and Sp,. The UE can determine an optimal S,, and S,. The UE can

update the DFT codebook in accordance with the following:

15
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. j2mS k jems, (Ng—1k1T
Vo = diag ([1 e N0 e Nron | ®1v,
Ng
T
% 1 [ j2mk j277:(NTf71)k]
Ny, 1 el e NrsO1
. : T
. J2mS,k J2mS(Mg—1)k
v = diag ([1 ¢ Mr02 e Mr0s _] R 1m,,
Mg
y 1 [ j2mk jZn'(Mrf—l)k]
Mrf 1 eMrfoz e Mrfoz

Furthermore, the UE can select an appropriate feedback scheme. The feedback scheme
can be for an updated DFT codebook based on a single sector base station. The feedback
scheme can be for an updated DFT codebook based on a multiple sector base station. The
feedback scheme can be based on an autocorrelation matrix, which can utilize an existing
DFT codebook or a novel DFT codebook. The feedback scheme can be based on a phase
correction in an analog domain, in which there is no feedback. Alternatively, the phase
correction in the analog domain can be based on DFT or the autocorrelation matrix. In
addition, the UE can utilize DFT feedback for a multi-beam transmission.

[0078] In one configuration, a two-stage DFT based codebook design can be defined for a
rectangular panel array with different inter-panel and inter-antenna element distances. A
first stage can consider a DFT codebook configured for equally spaced RF chains. A
second stage can consider co-phasing of the RF chains by accounting for different inter-
panel and inter-antenna element distances. For the first stage, parameters of the DFT
codebook can be configured by higher layer signaling. For the second stage, parameters

of the DFT codebook can be configured by the base station and/or estimated at the UE.

[0079] In one example, the two-stage DFT based codebook and co-phasing technique can
be defined for sectors at the base station. With respect to an autocorrelation matrix based
feedback scheme, the DFT codebook can include the two-stage DFT based codebook.
With respect to a co-phasing scheme in the analog domain, a codebook and feedback
scheme can be utilized for the digital domain to increase performance. In addition, a

feedback scheme for multi-beam transmission at the base station can be defined.

[0080] Another example provides functionality 1000 of a user equipment (UE) operable

to select codebook indexes from discrete Fourier transform (DFT) codebooks, as shown

16
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in FIG. 10. The UE can comprise one or more processors. The one or more processors can
be configured to decode a channel state information reference signal (CSI-RS) received
from a base station, as in block 1010. The one or more processors can be configured to
estimate a channel vector between the UE and the base station based on the CSI-RS, as in
block 1020. The one or more processors can be configured to select a codebook index
from a DFT codebook, wherein the DFT codebook is configured at the UE based on
different inter-element distances and inter-panel distances in a uniform rectangular
antenna panel array of a base station antenna, as in block 1030. The one or more
processors can be configured to encode feedback that includes the codebook index for
transmission to the base station, as in block 1030. In addition, the UE can comprise
memory configured to store the DFT codebook and the codebook index selected from the
DFT codebook.

[0081] Another example provides functionality 1100 of a base station operable to process
codebook indexes in discrete Fourier transform (DFT) codebooks received from a user
equipment (UE), as shown in FIG. 11. The base station can comprise one or more
processors. The one or more processors can be configured to encode a channel state
information reference signal (CSI-RS) for transmission to the UE, wherein the CSI-RS
enables an estimation of a channel vector between the base station and the UE, as in block
1110. The one or more processors can be configured to decode feedback received from
the UE, wherein the feedback includes a codebook index selected from a DFT codebook,
and the DFT codebook is based on different inter-element distances and inter-panel
distances in a uniform rectangular antenna panel array of a base station antenna, as in
block 1120. In addition, the base station can comprise memory configured to store the

feedback that includes the codebook index received from the UE.

[0082] Another example provides at least one machine readable storage medium having
instructions 1200 embodied thereon for selecting codebook indexes from discrete Fourier
transform (DFT) codebooks, as shown in FIG. 12. The instructions can be executed on a
machine, where the instructions are included on at least one computer readable medium
or one non-transitory machine readable storage medium. The instructions when executed
perform: decoding a channel state information reference signal (CSI-RS) received from a
base station, as in block 1210. The instructions when executed perform: estimating a

channel vector between the UE and the base station based on the CSI-RS, as in block

17
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1220. The instructions when executed perform: selecting a codebook index from a DFT
codebook, wherein the DFT codebook is configured at the UE based on different inter-
element distances and inter-panel distances in a uniform rectangular antenna panel array
of a base station antenna, as in block 1230. The instructions when executed perform:
encoding feedback that includes the codebook index for transmission to the base station,

as in block 1240.

[0083] FIG. 13 illustrates an architecture of a system 1300 of a network in accordance
with some embodiments. The system 1300 is shown to include a user equipment (UE)
1301 and a UE 1302. The UEs 1301 and 1302 are illustrated as smartphones (e.g.,
handheld touchscreen mobile computing devices connectable to one or more cellular
networks), but may also comprise any mobile or non-mobile computing device, such as
Personal Data Assistants (PDAs), pagers, laptop computers, desktop computers, wireless

handsets, or any computing device including a wireless communications interface.

[0084] In some embodiments, any of the UEs 1301 and 1302 can comprise an Internet of
Things (IoT) UE, which can comprise a network access layer designed for low-power [oT
applications utilizing short-lived UE connections. An IoT UE can utilize technologies
such as machine-to-machine (M2M) or machine-type communications (MTC) for
exchanging data with an MTC server or device via a public land mobile network
(PLMN), Proximity-Based Service (ProSe) or device-to-device (D2D) communication,
sensor networks, or IoT networks. The M2M or MTC exchange of data may be a
machine-initiated exchange of data. An IoT network describes interconnecting IoT UEs,
which may include uniquely identifiable embedded computing devices (within the
Internet infrastructure), with short-lived connections. The [oT UEs may execute
background applications (e.g., keep-alive messages, status updates, etc.) to facilitate the

connections of the IoT network.

[0085] The UEs 1301 and 1302 may be configured to connect, e.g., communicatively
couple, with a radio access network (RAN) 1310 — the RAN 1310 may be, for example,
an Evolved Universal Mobile Telecommunications System (UMTS) Terrestrial Radio
Access Network (E-UTRAN), a NextGen RAN (NG RAN), or some other type of RAN.
The UEs 1301 and 1302 utilize connections 1303 and 1304, respectively, each of which

comprises a physical communications interface or layer (discussed in further detail
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below); in this example, the connections 1303 and 1304 are illustrated as an air interface
to enable communicative coupling, and can be consistent with cellular communications
protocols, such as a Global System for Mobile Communications (GSM) protocol, a code-
division multiple access (CDMA) network protocol, a Push-to-Talk (PTT) protocol, a
PTT over Cellular (POC) protocol, a Universal Mobile Telecommunications System
(UMTS) protocol, a 3GPP Long Term Evolution (LTE) protocol, a fifth generation (5G)
protocol, a New Radio (NR) protocol, and the like.

[0086] In this embodiment, the UEs 1301 and 1302 may further directly exchange
communication data via a ProSe interface 1305. The ProSe interface 1305 may
alternatively be referred to as a sidelink interface comprising one or more logical
channels, including but not limited to a Physical Sidelink Control Channel (PSCCH), a
Physical Sidelink Shared Channel (PSSCH), a Physical Sidelink Discovery Channel
(PSDCH), and a Physical Sidelink Broadcast Channel (PSBCH).

[0087] The UE 1302 is shown to be configured to access an access point (AP) 1306 via
connection 1307. The connection 1307 can comprise a local wireless connection, such as
a connection consistent with any IEEE 802.15 protocol, wherein the AP 1306 would
comprise a wireless fidelity (WiFi®) router. In this example, the AP 1306 is shown to be
connected to the Internet without connecting to the core network of the wireless system

(described in further detail below).

[0088] The RAN 1310 can include one or more access nodes that enable the connections
1303 and 1304. These access nodes (ANs) can be referred to as base stations (BSs),
NodeBs, evolved NodeBs (eNBs), next Generation NodeBs (gNB), RAN nodes, and so
forth, and can comprise ground stations (e.g., terrestrial access points) or satellite stations
providing coverage within a geographic area (e.g., a cell). The RAN 1310 may include
one or more RAN nodes for providing macrocells, e.g., macro RAN node 1311, and one
or more RAN nodes for providing femtocells or picocells (e.g., cells having smaller
coverage areas, smaller user capacity, or higher bandwidth compared to macrocells), e.g.,

low power (LP) RAN node 1312.

[0089] Any of the RAN nodes 1311 and 1312 can terminate the air interface protocol and
can be the first point of contact for the UEs 1301 and 1302. In some embodiments, any of
the RAN nodes 1311 and 1312 can fulfill various logical functions for the RAN 1310
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including, but not limited to, radio network controller (RNC) functions such as radio
bearer management, uplink and downlink dynamic radio resource management and data

packet scheduling, and mobility management.

[0090] In accordance with some embodiments, the UEs 1301 and 1302 can be configured
to communicate using Orthogonal Frequency-Division Multiplexing (OFDM)
communication signals with each other or with any of the RAN nodes 1311 and 1312
over a multicarrier communication channel in accordance various communication
techniques, such as, but not limited to, an Orthogonal Frequency-Division Multiple
Access (OFDMA) communication technique (e.g., for downlink communications) or a
Single Carrier Frequency Division Multiple Access (SC-FDMA) communication
technique (e.g., for uplink and ProSe or sidelink communications), although the scope of
the embodiments is not limited in this respect. The OFDM signals can comprise a

plurality of orthogonal subcarriers.

[0091] In some embodiments, a downlink resource grid can be used for downlink
transmissions from any of the RAN nodes 1311 and 1312 to the UEs 1301 and 1302,
while uplink transmissions can utilize similar techniques. The grid can be a time-
frequency grid, called a resource grid or time-frequency resource grid, which is the
physical resource in the downlink in each slot. Such a time-frequency plane
representation is a common practice for OFDM systems, which makes it intuitive for
radio resource allocation. Each column and each row of the resource grid corresponds to
one OFDM symbol and one OFDM subcarrier, respectively. The duration of the resource
grid in the time domain corresponds to one slot in a radio frame. The smallest time-
frequency unit in a resource grid is denoted as a resource element. Each resource grid
comprises a number of resource blocks, which describe the mapping of certain physical
channels to resource elements. Each resource block comprises a collection of resource
elements; in the frequency domain, this may represent the smallest quantity of resources
that currently can be allocated. There are several different physical downlink channels

that are conveyed using such resource blocks.

[0092] The physical downlink shared channel (PDSCH) may carry user data and higher-
layer signaling to the UEs 1301 and 1302. The physical downlink control channel

(PDCCH) may carry information about the transport format and resource allocations
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related to the PDSCH channel, among other things. It may also inform the UEs 1301 and
1302 about the transport format, resource allocation, and H-ARQ (Hybrid Automatic
Repeat Request) information related to the uplink shared channel. Typically, downlink
scheduling (assigning control and shared channel resource blocks to the UE 1302 within a
cell) may be performed at any of the RAN nodes 1311 and 1312 based on channel quality
information fed back from any of the UEs 1301 and 1302. The downlink resource
assignment information may be sent on the PDCCH used for (e.g., assigned to) each of
the UEs 1301 and 1302.

[0093] The PDCCH may use control channel elements (CCEs) to convey the control
information. Before being mapped to resource elements, the PDCCH complex-valued
symbols may first be organized into quadruplets, which may then be permuted using a
sub-block interleaver for rate matching. Each PDCCH may be transmitted using one or
more of these CCEs, where each CCE may correspond to nine sets of four physical
resource elements known as resource element groups (REGs). Four Quadrature Phase
Shift Keying (QPSK) symbols may be mapped to each REG. The PDCCH can be
transmitted using one or more CCEs, depending on the size of the downlink control
information (DCI) and the channel condition. There can be four or more different
PDCCH formats defined in LTE with different numbers of CCEs (e.g., aggregation level,
L=1,2, 4, or8).

[0094] Some embodiments may use concepts for resource allocation for control channel
information that are an extension of the above-described concepts. For example, some
embodiments may utilize an enhanced physical downlink control channel (EPDCCH) that
uses PDSCH resources for control information transmission. The EPDCCH may be
transmitted using one or more enhanced the control channel elements (ECCEs). Similar to
above, each ECCE may correspond to nine sets of four physical resource elements known
as an enhanced resource element groups (EREGs). An ECCE may have other numbers of

EREGs in some situations.

[0095] The RAN 1310 is shown to be communicatively coupled to a core network (CN)
1320 —via an S1 interface 1313. In embodiments, the CN 1320 may be an evolved
packet core (EPC) network, a NextGen Packet Core (NPC) network, or some other type
of CN. In this embodiment the S1 interface 1313 is split into two parts: the S1-U interface
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1314, which carries traffic data between the RAN nodes 1311 and 1312 and the serving
gateway (S-GW) 1322, and the S1-mobility management entity (MME) interface 1315,
which is a signaling interface between the RAN nodes 1311 and 1312 and MMEs 1321.

[0096] In this embodiment, the CN 1320 comprises the MMEs 1321, the S-GW 1322, the
Packet Data Network (PDN) Gateway (P-GW) 1323, and a home subscriber server (HSS)
1324. The MMEs 1321 may be similar in function to the control plane of legacy Serving
General Packet Radio Service (GPRS) Support Nodes (SGSN). The MMEs 1321 may
manage mobility aspects in access such as gateway selection and tracking area list
management. The HSS 1324 may comprise a database for network users, including
subscription-related information to support the network entities” handling of
communication sessions. The CN 1320 may comprise one or several HSSs 1324,
depending on the number of mobile subscribers, on the capacity of the equipment, on the
organization of the network, etc. For example, the HSS 1324 can provide support for
routing/roaming, authentication, authorization, naming/addressing resolution, location

dependencies, etc.

[0097] The S-GW 1322 may terminate the S1 interface 1313 towards the RAN 1310, and
routes data packets between the RAN 1310 and the CN 1320. In addition, the S-GW
1322 may be a local mobility anchor point for inter-RAN node handovers and also may
provide an anchor for inter-3GPP mobility. Other responsibilities may include lawful

intercept, charging, and some policy enforcement.

[0098] The P-GW 1323 may terminate an SGi interface toward a PDN. The P-GW 1323
may route data packets between the EPC network 1323 and external networks such as a
network including the application server 1330 (alternatively referred to as application
function (AF)) via an Intemet Protocol (IP) interface 1325. Generally, the application
server 1330 may be an element offering applications that use IP bearer resources with the
core network (e.g., UMTS Packet Services (PS) domain, LTE PS data services, etc.). In
this embodiment, the P-GW 1323 is shown to be communicatively coupled to an
application server 1330 via an IP communications interface 1325. The application server
1330 can also be configured to support one or more communication services (e.g., Voice-
over-Internet Protocol (VoIP) sessions, PTT sessions, group communication sessions,

social networking services, etc.) for the UEs 1301 and 1302 via the CN 1320.
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[0099] The P-GW 1323 may further be a node for policy enforcement and charging data
collection. Policy and Charging Enforcement Function (PCRF) 1326 is the policy and
charging control element of the CN 1320. In a non-roaming scenario, there may be a
single PCRF in the Home Public Land Mobile Network (HPLMN) associated with a UE’s
Internet Protocol Connectivity Access Network (IP-CAN) session. In a roaming scenario
with local breakout of traffic, there may be two PCRFs associated with a UE’s IP-CAN
session: a Home PCRF (H-PCRF) within a HPLMN and a Visited PCRF (V-PCRF)
within a Visited Public Land Mobile Network (VPLMN). The PCRF 1326 may be
communicatively coupled to the application server 1330 via the P-GW 1323. The
application server 1330 may signal the PCRF 1326 to indicate a new service flow and
select the appropriate Quality of Service (QoS) and charging parameters. The PCRF 1326
may provision this rule into a Policy and Charging Enforcement Function (PCEF) (not
shown) with the appropriate traffic flow template (TFT) and QoS class of identifier
(QCI), which commences the QoS and charging as specified by the application server

1330.

[00100] FIG. 14 illustrates example components of a device 1400 in accordance with some
embodiments. In some embodiments, the device 1400 may include application circuitry
1402, baseband circuitry 1404, Radio Frequency (RF) circuitry 1406, front-end module
(FEM) circuitry 1408, one or more antennas 1410, and power management circuitry
(PMC) 1412 coupled together at least as shown. The components of the illustrated device
1400 may be included in a UE or a RAN node. In some embodiments, the device 1400
may include less elements (e.g., a RAN node may not utilize application circuitry 1402,
and instead include a processor/controller to process IP data received from an EPC). In
some embodiments, the device 1400 may include additional elements such as, for
example, memory/storage, display, camera, sensor, or input/output (I/O) interface. In
other embodiments, the components described below may be included in more than one
device (e.g., said circuitries may be separately included in more than one device for
Cloud-RAN (C-RAN) implementations).

[00101] The application circuitry 1402 may include one or more application processors.
For example, the application circuitry 1402 may include circuitry such as, but not limited
to, one or more single-core or multi-core processors. The processor(s) may include any

combination of general-purpose processors and dedicated processors (e.g., graphics
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processors, application processors, etc.). The processors may be coupled with or may
include memory/storage and may be configured to execute instructions stored in the
memory/storage to enable various applications or operating systems to run on the device
1400. In some embodiments, processors of application circuitry 1402 may process IP

data packets received from an EPC.

[00102] The baseband circuitry 1404 may include circuitry such as, but not limited to,
one or more single-core or multi-core processors. The baseband circuitry 1404 may
include one or more baseband processors or control logic to process baseband signals
received from a receive signal path of the RF circuitry 1406 and to generate baseband
signals for a transmit signal path of the RF circuitry 1406. Baseband processing circuity
1404 may interface with the application circuitry 1402 for generation and processing of
the baseband signals and for controlling operations of the RF circuitry 1406. For
example, in some embodiments, the baseband circuitry 1404 may include a third
generation (3G) baseband processor 1404a, a fourth generation (4G) baseband processor
1404b, a fifth generation (5G) baseband processor 1404c, or other baseband processor(s)
1404d for other existing generations, generations in development or to be developed in
the future (e.g., second generation (2G), sixth generation (6G), etc.). The baseband
circuitry 1404 (e.g., one or more of baseband processors 1404a-d) may handle various
radio control functions that enable communication with one or more radio networks via
the RF circuitry 1406. In other embodiments, some or all of the functionality of
baseband processors 1404a-d may be included in modules stored in the memory 1404g
and executed via a Central Processing Unit (CPU) 1404e. The radio control

functions may include, but are not limited to, signal modulation/demodulation,
encoding/decoding, radio frequency shifting, etc. In some embodiments,
modulation/demodulation circuitry of the baseband circuitry 1404 may include Fast-
Fourier Transform (FFT), precoding, or constellation mapping/demapping functionality.
In some embodiments, encoding/decoding circuitry of the baseband circuitry 1404 may
include convolution, tail-biting convolution, turbo, Viterbi, or Low Density Parity Check
(LDPC) encoder/decoder functionality. Embodiments of modulation/demodulation and
encoder/decoder functionality are not limited to these examples and may include other

suitable functionality in other embodiments.

[00103] In some embodiments, the baseband circuitry 1404 may include one or more
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audio digital signal processor(s) (DSP) 1404f. The audio DSP(s) 1404f may be include
elements for compression/decompression and echo cancellation and may include other
suitable processing elements in other embodiments. Components of the baseband
circuitry may be suitably combined in a single chip, a single chipset, or disposed on a
same circuit board in some embodiments. In some embodiments, some or all of the
constituent components of the baseband circuitry 1404 and the application circuitry 1402

may be implemented together such as, for example, on a system on a chip (SOC).

[00104] In some embodiments, the baseband circuitry 1404 may provide for
communication compatible with one or more radio technologies. For example, in some
embodiments, the baseband circuitry 1404 may support communication with an evolved
universal terrestrial radio access network (EUTRAN) or other wireless metropolitan area
networks (WMAN), a wireless local area network (WLAN), a wireless personal area
network (WPAN). Embodiments in which the baseband circuitry 1404 is configured to
support radio communications of more than one wireless protocol may be referred to as

multi-mode baseband circuitry.

[00105] RF circuitry 1406 may enable communication with wireless networks

using modulated electromagnetic radiation through a non-solid medium. In various
embodiments, the RF circuitry 1406 may include switches, filters, amplifiers, etc. to
facilitate the communication with the wireless network. RF circuitry 1406 may include a
receive signal path which may include circuitry to down-convert RF signals received
from the FEM circuitry 1408 and provide baseband signals to the baseband circuitry
1404. REF circuitry 1406 may also include a transmit signal path which may include
circuitry to up-convert baseband signals provided by the baseband circuitry 1404 and
provide RF output signals to the FEM circuitry 1408 for transmission.

[00106] In some embodiments, the receive signal path of the RF circuitry 1406 may
include mixer circuitry 1406a, amplifier circuitry 1406b and filter circuitry 1406¢. In
some embodiments, the transmit signal path of the RF circuitry 1406 may include filter
circuitry 1406¢ and mixer circuitry 1406a. RF circuitry 1406 may also include
synthesizer circuitry 1406d for synthesizing a frequency for use by the mixer circuitry
1406a of the receive signal path and the transmit signal path. In some embodiments, the

mixer circuitry 1406a of the receive signal path may be configured to down-convert RF
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signals received from the FEM circuitry 1408 based on the synthesized frequency
provided by synthesizer circuitry 1406d. The amplifier circuitry 1406b may be
configured to amplify the down-converted signals and the filter circuitry 1406¢ may be a
low-pass filter (LPF) or band-pass filter (BPF) configured to remove unwanted signals
from the down-converted signals to generate output baseband signals. Output baseband
signals may be provided to the baseband circuitry 1404 for further processing. In some
embodiments, the output baseband signals may be zero-frequency baseband signals,
although this is not a requirement. In some embodiments, mixer circuitry 1406a of the
receive signal path may comprise passive mixers, although the scope of the embodiments

is not limited in this respect.

[00107]In some embodiments, the mixer circuitry 1406a of the transmit signal path may
be configured to up-convert input baseband signals based on the synthesized frequency
provided by the synthesizer circuitry 1406d to generate RF output signals for the FEM
circuitry 1408. The baseband signals may be provided by the baseband circuitry 1404
and may be filtered by filter circuitry 1406c.

[00108] In some embodiments, the mixer circuitry 1406a of the receive signal path and the
mixer circuitry 1406a of the transmit signal path may include two or more mixers and
may be arranged for quadrature downconversion and upconversion, respectively. In some
embodiments, the mixer circuitry 1406a of the receive signal path and the mixer circuitry
1406a of the transmit signal path may include two or more mixers and may be arranged
for image rejection (e.g., Hartley image rejection). In some embodiments, the mixer
circuitry 1406a of the receive signal path and the mixer circuitry 1406a may be arranged
for direct downconversion and direct upconversion, respectively. In some embodiments,
the mixer circuitry 1406a of the receive signal path and the mixer circuitry 1406a of the

transmit signal path may be configured for super-heterodyne operation.

[00109] In some embodiments, the output baseband signals and the input baseband signals
may be analog baseband signals, although the scope of the embodiments is not limited in
this respect. In some alternate embodiments, the output baseband signals and the input
baseband signals may be digital baseband signals. In these alternate embodiments, the
RF circuitry 1406 may include analog-to-digital converter (ADC) and digital-to-analog
converter (DAC) circuitry and the baseband circuitry 1404 may include a digital baseband
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interface to communicate with the RF circuitry 1406.

[00110] In some dual-mode embodiments, a separate radio IC circuitry may be provided
for processing signals for each spectrum, although the scope of the embodiments is not

limited in this respect.

[00111]In some embodiments, the synthesizer circuitry 1406d may be a fractional-N
synthesizer or a fractional N/N+1 synthesizer, although the scope of the embodiments is
not limited in this respect as other types of frequency synthesizers may be suitable. For
example, synthesizer circuitry 1406d may be a delta-sigma synthesizer, a frequency

multiplier, or a synthesizer comprising a phase-locked loop with a frequency divider.

[00112] The synthesizer circuitry 1406d may be configured to synthesize an output
frequency for use by the mixer circuitry 1406a of the RF circuitry 1406 based on a
frequency input and a divider control input. In some embodiments, the synthesizer

circuitry 1406d may be a fractional N/N+1 synthesizer.

[00113] In some embodiments, frequency input may be provided by a voltage controlled
oscillator (VCO), although that is not a requirement. Divider control input may be
provided by either the baseband circuitry 1404 or the applications processor 1402
depending on the desired output frequency. In some embodiments, a divider control input
(e.g., N) may be determined from a look-up table based on a channel indicated by the

applications processor 1402.

[00114] Synthesizer circuitry 1406d of the RF circuitry 1406 may include a divider, a
delay-locked loop (DLL), a multiplexer and a phase accumulator. In some embodiments,
the divider may be a dual modulus divider (DMD) and the phase accumulator may be a
digital phase accumulator (DPA). In some embodiments, the DMD may be configured to
divide the input signal by either N or N+1 (e.g., based on a carry out) to provide a
fractional division ratio. In some example embodiments, the DLL may include a set of
cascaded, tunable, delay elements, a phase detector, a charge pump and a D-type flip-flop.
In these embodiments, the delay elements may be configured to break a VCO period up
into Nd equal packets of phase, where Nd is the number of delay elements in the delay
line. In this way, the DLL provides negative feedback to help ensure that the total delay
through the delay line is one VCO cycle.
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[00115] In some embodiments, synthesizer circuitry 1406d may be configured to generate
a carrier frequency as the output frequency, while in other embodiments, the output
frequency may be a multiple of the carrier frequency (e.g., twice the carrier frequency,
four times the carrier frequency) and used in conjunction with quadrature generator and
divider circuitry to generate multiple signals at the carrier frequency with multiple
different phases with respect to each other. In some embodiments, the output frequency
may be a LO frequency (fLO). In some embodiments, the RF circuitry 1406 may include

an IQ/polar converter.

[00116] FEM circuitry 1408 may include a receive signal path which may include circuitry
configured to operate on RF signals received from one or more antennas 1410, amplify
the received signals and provide the amplified versions of the received signals to the RF
circuitry 1406 for further processing. FEM circuitry 1408 may also include a transmit
signal path which may include circuitry configured to amplify signals for transmission
provided by the RF circuitry 1406 for transmission by one or more of the one or more
antennas 1410. In various embodiments, the amplification through the transmit or receive
signal paths may be done solely in the RF circuitry 1406, solely in the FEM 1408, or in
both the RF circuitry 1406 and the FEM 1408.

[00117]In some embodiments, the FEM circuitry 1408 may include a TX/RX switch to
switch between transmit mode and receive mode operation. The FEM circuitry may
include a receive signal path and a transmit signal path. The receive signal path of the
FEM circuitry may include an LNA to amplify received RF signals and provide the
amplified received RF signals as an output (e.g., to the RF circuitry 1406). The transmit
signal path of the FEM circuitry 1408 may include a power amplifier (PA) to amplify
input RF signals (e.g., provided by RF circuitry 1406), and one or more filters to generate
RF signals for subsequent transmission (e.g., by one or more of the one or more antennas

1410).

[00118]In some embodiments, the PMC 1412 may manage power provided to the
baseband circuitry 1404. In particular, the PMC 1412 may control power-source selection,
voltage scaling, battery charging, or DC-to-DC conversion. The PMC 1412 may often be
included when the device 1400 is capable of being powered by a battery, for example,

when the device is included in a UE. The PMC 1412 may increase the power conversion
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efficiency while providing desirable implementation size and heat dissipation

characteristics.

[00119] While FIG. 14 shows the PMC 1412 coupled only with the baseband circuitry
1404. However, in other embodiments, the PMC 14 12 may be additionally or
alternatively coupled with, and perform similar power management operations for, other
components such as, but not limited to, application circuitry 1402, RF circuitry 1406, or

FEM 1408.

[00120] In some embodiments, the PMC 1412 may control, or otherwise be part of,
various power saving mechanisms of the device 1400. For example, if the device 1400 is
in an RRC_Connected state, where it is still connected to the RAN node as it expects to
receive traffic shortly, then it may enter a state known as Discontinuous Reception Mode
(DRX) after a period of inactivity. During this state, the device 1400 may power down for

brief intervals of time and thus save power.

[00121]If there is no data traffic activity for an extended period of time, then the device
1400 may transition off to an RRC _Idle state, where it disconnects from the network and
does not perform operations such as channel quality feedback, handover, etc. The device
1400 goes into a very low power state and it performs paging where again it periodically
wakes up to listen to the network and then powers down again. The device 1400 may not
receive data in this state, in order to receive data, it must transition back to

RRC_Connected state.

[00122] An additional power saving mode may allow a device to be unavailable to the
network for periods longer than a paging interval (ranging from seconds to a few hours).
During this time, the device is totally unreachable to the network and may power down
completely. Any data sent during this time incurs a large delay and it is assumed the delay

is acceptable.

[00123] Processors of the application circuitry 1402 and processors of the baseband
circuitry 1404 may be used to execute elements of one or more instances of a protocol
stack. For example, processors of the baseband circuitry 1404, alone or in combination,
may be used execute Layer 3, Layer 2, or Layer 1 functionality, while processors of the
application circuitry 1404 may utilize data (e.g., packet data) received from these layers

and further execute Layer 4 functionality (e.g., transmission communication protocol
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(TCP) and user datagram protocol (UDP) layers). As referred to herein, Layer 3 may
comprise a radio resource control (RRC) layer, described in further detail below. As
referred to herein, Layer 2 may comprise a medium access control (MAC) layer, a radio
link control (RLC) layer, and a packet data convergence protocol (PDCP) layer, described
in further detail below. As referred to herein, Layer 1 may comprise a physical (PHY)
layer of a UE/RAN node, described in further detail below.

[00124] FIG. 15 illustrates example interfaces of baseband circuitry in accordance with
some embodiments. As discussed above, the baseband circuitry 1404 of FIG. 14 may
comprise processors 1404a-1404e and a memory 1404g utilized by said processors. Each
of the processors 1404a-1404e may include a memory interface, 1504a-1504e,

respectively, to send/receive data to/from the memory 1404g.

[00125] The baseband circuitry 1404 may further include one or more interfaces to
communicatively couple to other circuitries/devices, such as a memory interface 1512
(e.g., an interface to send/receive data to/from memory external to the baseband circuitry
1404), an application circuitry interface 1514 (e.g., an interface to send/receive data
to/from the application circuitry 1402 of FIG. 14), an RF circuitry interface 1516 (e.g., an
interface to send/receive data to/from RF circuitry 1406 of FIG. 14), a wireless hardware
connectivity interface 1518 (e.g., an interface to send/receive data to/from Near Field
Communication (NFC) components, Bluetooth® components (e.g., Bluetooth® Low
Energy), Wi-Fi® components, and other communication components), and a power
management interface 1520 (e.g., an interface to send/receive power or control signals

to/from the PMC 1412.

[00126] FIG. 16 provides an example illustration of the wireless device, such as a user
equipment (UE), a mobile station (MS), a mobile wireless device, a mobile
communication device, a tablet, a handset, or other type of wireless device. The wireless
device can include one or more antennas configured to communicate with a node, macro
node, low power node (LPN), or, transmission station, such as a base station (BS), an
evolved Node B (eNB), a baseband processing unit (BBU), a remote radio head (RRH), a
remote radio equipment (RRE), a relay station (RS), a radio equipment (RE), or other
type of wireless wide area network (WWAN) access point. The wireless device can be

configured to communicate using at least one wireless communication standard such as,
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but not limited to, 3GPP LTE, WiMAX, High Speed Packet Access (HSPA), Bluetooth,
and WiFi. The wireless device can communicate using separate antennas for each wireless
communication standard or shared antennas for multiple wireless communication
standards. The wireless device can communicate in a wireless local area network
(WLAN), a wireless personal area network (WPAN), and/or a WWAN. The wireless
device can also comprise a wireless modem. The wireless modem can comprise, for
example, a wireless radio transceiver and baseband circuitry (e.g., a baseband processor).
The wireless modem can, in one example, modulate signals that the wireless device
transmits via the one or more antennas and demodulate signals that the wireless device

receives via the one or more antennas.

[00127] FIG. 16 also provides an illustration of a microphone and one or more speakers
that can be used for audio input and output from the wireless device. The display screen
can be a liquid crystal display (LCD) screen, or other type of display screen such as an
organic light emitting diode (OLED) display. The display screen can be configured as a
touch screen. The touch screen can use capacitive, resistive, or another type of touch
screen technology. An application processor and a graphics processor can be coupled to
internal memory to provide processing and display capabilities. A non-volatile memory
port can also be used to provide data input/output options to a user. The non-volatile
memory port can also be used to expand the memory capabilities of the wireless device. A
keyboard can be integrated with the wireless device or wirelessly connected to the
wireless device to provide additional user input. A virtual keyboard can also be provided

using the touch screen.

Examples

[00128] The following examples pertain to specific technology embodiments and point out
specific features, elements, or actions that can be used or otherwise combined in

achieving such embodiments.

[00129] Example 1 includes an apparatus of a user equipment (UE) operable to select
codebook indexes from discrete Fourier transform (DFT) codebooks, the apparatus
comprising: one or more processors configured to: decode a channel state information
reference signal (CSI-RS) received from a base station; estimate a channel vector between
the UE and the base station based on the CSI-RS; select a codebook index from a DFT
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codebook, wherein the DFT codebook is configured at the UE based on different inter-
element distances and inter-panel distances in a uniform rectangular antenna panel array
of a base station antenna; and encode feedback that includes the codebook index for
transmission to the base station; and a memory interface configured to send to a memory

the DFT codebook and the codebook index selected from the DFT codebook.

[00130] Example 2 includes the apparatus of Example 1, further comprising a transceiver
configured to: receive the CSI-RS from the base station; and transmit, to the base station,
the feedback that includes the codebook index in a narrowband transmission or a

wideband transmission.

[00131] Example 3 includes the apparatus of any of claims 1 to 2, wherein the one or more
processors are further configured to: configure the DFT codebook to include a DFT
codebook in a vertical domain (¢, ;) and a DFT codebook in a horizontal domain (cj, ;)
when each antenna panel in the uniform rectangular antenna panel array includes a single
radio frequency (RF) chain and distances between subarrays in antenna panel(s) are
represented by dsgy = dgy and dggy = dg . wherein dggy represents an inter-subarray
spacing in a vertical domain, dg, represents an inter-panel distance in the vertical
domain, dg4 y represents an inter-subarray spacing in a horizontal domain, and dg y

represents an inter-panel distance in the horizontal domain.

[00132] Example 4 includes the apparatus of any of claims 1 to 2, wherein: the DFT

codebook in the vertical domain (c,, ) is represented by: ¢, =

) T
1 jemk jzn(N,.f—1)k _ .
— [1 eNr/01 o NrfOr sk =1,..,N.;Oq, wherein N, represents a number of

VNg
panels in a row of the uniform rectangular antenna panel array, N, represents a number
of RF chains in a vertical domain at the base station, O, represents a first oversampling
ratio, k represents a codebook index, and T represents a Transpose function; and the DFT

codebook in the horizontal domain (cy, ;) is represented by: ¢y, =

1 jemk jar(Myp-1)k
/Mg 1 eMTfOZ e e Mrf02

of panels in a column of the uniform rectangular antenna panel array, M, represents a

T
] Jk=1,..,M,;0,, wherein M, represents a number

number of RF chains in a horizontal domain at the base station, O, represents a second

oversampling ratio, k represents a codebook index, and T represents a Transpose
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function.

[00133] Example 5 includes the apparatus of any of claims 1 to 4, wherein the number of
RF chains in the horizontal domain (M), the number of RF chains in the vertical domain
(Nyf), the number of panels in the column of the uniform rectangular antenna panel array
(M), the number of panels in the row of the uniform rectangular antenna panel array
(Ny), the first oversampling ratio (0,), and the second oversampling ratio (0,) are

received from the base station via higher layer signaling.

[00134] Example 6 includes the apparatus of any of claims 1 to 5, wherein the one or more
processors are further configured to: identify an optimal inter-element and panel spacing

in a vertical domain (S,,) for the uniform rectangular antenna panel array, wherein S, is

dsg,V_ds.V,

>

represented by S,, = and identify an optimal inter-element and panel spacing in

a horizontal domain (Sy,) for the uniform rectangular antenna panel array, wherein Sy, is

dsg,Hfds,H

represented by S, = , wherein dg, represents an inter-subarray spacing in a

S,H
vertical domain, d, 5 represents an inter-subarray spacing in a horizontal domain, dg
represents a distance between antenna subarrays on a given panel in a vertical domain,
and dg gy represents a distance between antenna subarrays on a given panel in a horizontal

domain.

[00135] Example 7 includes the apparatus of any of claims 1 to 6, wherein the one or more
processors are further configured to: configure the DFT codebook to include a DFT
codebook in a vertical domain (¢, ;) and a DFT codebook in a horizontal domain (cp )
when each antenna panel in the uniform rectangular antenna panel array includes multiple
radio frequency (RF) chains and distances between subarrays in antenna panel(s) are
represented by dg; # dgy and dgg gy # dg . Wherein dgg , represents an inter-subarray
spacing in a vertical domain, dy represents an inter-panel distance in the vertical
domain, ds4 y represents an inter-subarray spacing in a horizontal domain, and dg y

represents an inter-panel distance in the horizontal domain.

[00136] Example 8 includes the apparatus of any of claims 1 to 7, wherein: the DFT

codebook in the vertical domain (¢, ;) is represented by: ¢, =
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1
\/Nrf[l e/ g Ny01

number of RF chains in a vertical domain at the base station, O; represents an

. T
k j -1)k .
jem M] and k = 1, ..., N,y O, wherein N,.¢ represents a

oversampling ratio, k represents a codebook index, and T represents a Transpose

function; and the DFT codebook in the horizontal domain (cp ) is represented by: ¢p, =

1 jemk jzn(Mrf—l)k
/M‘r'f 1 eMTf02 e MTfOZ

number of RF chains in a horizontal domain at the base station, O, represents an

T
] and k = 1, ..., M,0,, wherein M,.; represents a

oversampling ratio, k represents a codebook index, and T represents a Transpose

function.

[00137] Example 9 includes the apparatus of any of claims 1 to 8, wherein the one or more
processors are further configured to: configure the DFT codebook based on whether the

uniform rectangular antenna panel array includes a single sector or multiple sectors.

[00138] Example 10 includes the apparatus of any of claims 1 to 9, wherein the one or
more processors are further configured to: apply an auto-correlation matrix based
quantization to the feedback to reduce a quantization noise and a feedback size, and the
auto-correlation matrix based quantization is utilized when the DFT codebook is
configured based on inter-element distances and inter-panel distances in the uniform

rectangular antenna panel array of the base station antenna.

[00139] Example 11 includes the apparatus of any of claims 1 to 10, wherein the one or
more processors are further configured to: encode the feedback that includes the
codebook index for transmission to the base station in response to receiving a multi-beam

transmission from the base station.

[00140] Example 12 includes an apparatus of a base station operable to process codebook
indexes in discrete Fourier transform (DFT) codebooks received from a user equipment
(UE), the apparatus comprising: one or more processors configured to: encode a channel
state information reference signal (CSI-RS) for transmission to the UE, wherein the CSI-
RS enables an estimation of a channel vector between the base station and the UE; and
decode feedback received from the UE, wherein the feedback includes a codebook index
selected from a DFT codebook, and the DFT codebook is based on different inter-element

distances and inter-panel distances in a uniform rectangular antenna panel array of a base
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station antenna; and a memory interface configured to send to a memory the feedback that

includes the codebook index received from the UE.

[00141] Example 13 includes the apparatus of Example 12, wherein the DFT codebook
includes a DFT codebook in a vertical domain (c, ;) and a DFT codebook in a horizontal
domain (¢j ) when each antenna panel in the uniform rectangular antenna panel array
includes a single radio frequency (RF) chain and distances between subarrays in antenna
panel(s) are represented by ds;y = dgy and dgg gy = dg ., wherein dgg  represents an
inter-subarray spacing in a vertical domain, d, ;, represents an inter-panel distance in the
vertical domain, d4 5 Tepresents an inter-subarray spacing in a horizontal domain, and

dg y represents an inter-panel distance in the horizontal domain.

[00142] Example 14 includes the apparatus of any of Examples 12 to 13, wherein: the DFT

codebook in the vertical domain (¢, ) is represented by: ¢, , =

T
1 jork jem(N,r—1)k .
— [1 eNr/Oo1 e%’;l)] sk =1,.., N0, wherein N, represents a number of

Vg
panels in a row of the uniform rectangular antenna panel array, N, f represents a number
of RF chains in a vertical domain at the base station, 0, represents a first oversampling
ratio, k represents , and T represents a Transpose function; and the DFT codebook in the

horizontal domain (cj, ;) is represented by: ¢, , =

1 [ jemk jzn(MTf—1)k
— ST b el 0 e i
Mgl e" /%2 = o MrfO2

of panels in a column of the uniform rectangular antenna panel array, M, represents a

T
] sk =1,...,M.;0,, wherein M, represents a number

number of RF chains in a horizontal domain at the base station, O, represents a second
oversampling ratio, k represents a codebook index, and T represents a Transpose

function.

[00143] Example 15 includes the apparatus of any of Examples 12 to 14, wherein the
number of RF chains in the horizontal domain (M,.f), the number of RF chains in the
vertical domain (N,), the number of panels in the column of the uniform rectangular
antenna panel array (M), the number of panels in the row of the uniform rectangular
antenna panel array (Ny), the first oversampling ratio (0;), and the second oversampling

ratio (0,) are configured for the UE via higher layer signaling.
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[00144] Example 16 includes the apparatus of any of Examples 12 to 15, wherein the DFT
codebook includes a DFT codebook in a vertical domain (¢, ) and a DFT codebook in a
horizontal domain (cj, ;) when each antenna panel in the uniform rectangular antenna
panel array includes multiple radio frequency (RF) chains and distances between
subarrays in antenna panel(s) are represented by dggy # dgy and dgg y # dg ., Wherein
dsg v represents an inter-subarray spacing in a vertical domain, dy represents an inter-
panel distance in the vertical domain, dg y represents an inter-subarray spacing in a

horizontal domain, and dg 5 represents an inter-panel distance in the horizontal domain.
[00145] Example 17 includes the apparatus of any of Examples 12 to 16, wherein: the DFT
codebook in the vertical domain (¢, ) is represented by: ¢, , =

1
/Nys [1 eNTfol .. e NyfO1

number of RF chains in a vertical domain at the base station, O, represents an

Jemk jzn(NTf—1

T
)k] and k = 1,..., N.;O,, wherein N, represents a

oversampling ratio, k represents a codebook index, and T represents a Transpose

function; and the DFT codebook in the horizontal domain (cj, ;) is represented by: ¢, , =

T
1 jartk j Myr-1)k .
N [1 ezvfr;oz %] and k = 1, ..., M,;O,, wherein M,.; represents a
f e

number of RF chains in a horizontal domain at the base station, O, represents an
oversampling ratio, k represents a codebook index, and T represents a Transpose

function.

[00146] Example 18 includes at least one machine readable storage medium having
instructions embodied thereon for selecting codebook indexes from discrete Fourier
transform (DFT) codebooks, the instructions when executed by one or more processors of
the UE perform the following: decoding a channel state information reference signal
(CSI-RS) received from a base station; estimating a channel vector between the UE and
the base station based on the CSI-RS; selecting a codebook index from a DFT codebook,
wherein the DFT codebook is configured at the UE based on different inter-element
distances and inter-panel distances in a uniform rectangular antenna panel array of a base
station antenna; and encoding feedback that includes the codebook index for transmission

to the base station.

[00147] Example 19 includes the at least one machine readable storage medium of
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Example 18, further comprising instructions when executed perform the following:
configuring the DFT codebook to include a DFT codebook in a vertical domain (¢, ;) and
a DFT codebook in a horizontal domain (cj ;) when each antenna panel in the uniform
rectangular antenna panel array includes a single radio frequency (RF) chain and
distances between subarrays in antenna panel(s) are represented by dggy = dgy and
dsgu = dgn, wherein d g  represents an inter-subarray spacing in a vertical domain,
dgy represents an inter-panel distance in the vertical domain, d  represents an inter-
subarray spacing in a horizontal domain, and d ; represents an inter-panel distance in the

horizontal domain, wherein: the DFT codebook in the vertical domain (c,, ;) is

1 jemk jzn'(NTf—l)k
Ng |1 eNrro1 e NrsO1

represents a number of panels in a row of the uniform rectangular antenna panel array,

T
represented by: ¢, = ] sk =1,.., N.sOy, wherein Ny
N,.r represents a number of RF chains in a vertical domain at the base station, O,
represents a first oversampling ratio, k represents ., and T represents a Transpose
function; and the DFT codebook in the horizontal domain (¢, ;) is represented by: ¢, , =

1 jomk jzn(M,,f—1)k
1 eMrfO2 M, O,
VMg .. € S

of panels in a column of the uniform rectangular antenna panel array, M, represents a

T
] k=1,..,M,;0,, wherein M, represents a number

number of RF chains in a horizontal domain at the base station, O, represents a second
oversampling ratio, k represents a codebook index, and T represents a Transpose

function.

[00148] Example 20 includes the at least one machine readable storage medium of any of
Examples 18 to 19, further comprising instructions when executed perform the following:

identifying an optimal inter-element and panel spacing in a vertical domain (S,,) for the

dsg,V_ ds,V .
>

uniform rectangular antenna panel array, wherein S,, is represented by S,, = and

ds,V
identifying an optimal inter-element and panel spacing in a horizontal domain (Sp,) for the

. . . dggn—d
uniform rectangular antenna panel array, wherein S, is represented by S, = =24 =1

dsy
wherein d 4, represents an inter-subarray spacing in a vertical domain, dgg 5 represents
an inter-subarray spacing in a horizontal domain, dgy represents a distance between

antenna subarrays on a given panel in a vertical domain, and d, y represents a distance
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between antenna subarrays on a given panel in a horizontal domain.

[00149] Example 21 includes the at least one machine readable storage medium of any of
Examples 18 to 20, further comprising instructions when executed perform the following:
configuring the DFT codebook to include a DFT codebook in a vertical domain (c,, ;) and
a DFT codebook in a horizontal domain (cj ;) when each antenna panel in the uniform
rectangular antenna panel array includes multiple radio frequency (RF) chains and
distances between subarrays in antenna panel(s) are represented by dsg # dgy and

dsgn #+ ds . wherein dg g, represents an inter-subarray spacing in a vertical domain,
dgy represents an inter-panel distance in the vertical domain, dgg 5 Tepresents an inter-
subarray spacing in a horizontal domain, and d ;; represents an inter-panel distance in the

horizontal domain, wherein: the DFT codebook in the vertical domain (c,, ;) is

1 jemk jzrc(NTf—l)kT dk =1 N..O
Tl S e | andk= 1, N0y,

wherein N,., represents a number of RF chains in a vertical domain at the base station, 0,

represented by: ¢, =

represents an oversampling ratio, k represents a codebook index, and T represents a

Transpose function; and the DFT codebook in the horizontal domain (¢, ;) is represented

b . _ 1 j2mk jZH(MTf—l)k
VoCnke = 71 eM | g Myon

T
] and k =1, ..., M,;0,, wherein M,.,

represents a number of RF chains in a horizontal domain at the base station, O, represents
an oversampling ratio, k represents a codebook index, and T represents a Transpose

function.

[00150] Example 22 includes the at least one machine readable storage medium of any of
Examples 18 to 21, further comprising instructions when executed perform the following:
configuring the DFT codebook based on whether the uniform rectangular antenna panel

array includes a single sector or multiple sectors.

[00151] Example 23 includes the at least one machine readable storage medium of any of
Examples 18 to 22, further comprising instructions when executed perform the following:
applying an auto-correlation matrix based quantization to the feedback to reduce a
quantization noise and a feedback size, and the auto-correlation matrix based quantization
is utilized when the DFT codebook is configured based on inter-element distances and

inter-panel distances in the uniform rectangular antenna panel array of the base station
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antenna.

[00152] Example 24 includes the at least one machine readable storage medium of any of
Examples 18 to 23, further comprising instructions when executed perform the following:
encoding the feedback that includes the codebook index for transmission to the base

station in response to receiving a multi-beam transmission from the base station.

[00153] Example 25 includes a user equipment (UE) operable to select codebook indexes
from discrete Fourier transform (DFT) codebooks, the UE comprising: means for
decoding a channel state information reference signal (CSI-RS) received from a base
station; means for estimating a channel vector between the UE and the base station based
on the CSI-RS; means for selecting a codebook index from a DFT codebook, wherein the
DFT codebook is configured at the UE based on different inter-element distances and
inter-panel distances in a uniform rectangular antenna panel array of a base station
antenna; and means for encoding feedback that includes the codebook index for

transmission to the base station.

[00154] Example 26 includes the UE of Example 25, further comprising: means for
configuring the DFT codebook to include a DFT codebook in a vertical domain (c,, ;) and
a DFT codebook in a horizontal domain (cp ) when each antenna panel in the uniform
rectangular antenna panel array includes a single radio frequency (RF) chain and
distances between subarrays in antenna panel(s) are represented by dsg = dgy and
dsgn = dgn, wherein dgg, represents an inter-subarray spacing in a vertical domain,
dg v represents an inter-panel distance in the vertical domain, dgg 5 Tepresents an inter-
subarray spacing in a horizontal domain, and d ; represents an inter-panel distance in the

horizontal domain, wherein: the DFT codebook in the vertical domain (c,, ;) is

1 jemk jzn(NTf—1)k
Ny l1 eNrrPr g Nyyon

represents a number of panels in a row of the uniform rectangular antenna panel array,

T
represented by: ¢, = ] sk =1,..,N.; Oy, wherein N,
N, represents a number of RF chains in a vertical domain at the base station, 0,
represents a first oversampling ratio, k represents . and T represents a Transpose
function; and the DFT codebook in the horizontal domain (cp ;) is represented by: ¢, =

jemk jzn(M,.f—l)k

T
1 .
N7 [1 "% T Mo ] Jk =1,..,M,;0,, wherein M, represents a number
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of panels in a column of the uniform rectangular antenna panel array, M, represents a
number of RF chains in a horizontal domain at the base station, O, represents a second
oversampling ratio, k represents a codebook index, and T represents a Transpose

function.

[00155] Example 27 includes the UE of any of Examples 25 to 26, further comprising:
means for identifying an optimal inter-element and panel spacing in a vertical domain

(S,) for the uniform rectangular antenna panel array, wherein S,, is represented by S,, =

dsgyv—d . o . . .
—2Y__97. and means for identifying an optimal inter-element and panel spacing in a

>

dsy
horizontal domain (Sj) for the uniform rectangular antenna panel array, wherein Sy, is

dsga—AdsH

represented by S, = , wherein d,g represents an inter-subarray spacing in a

vertical domain, d4 5 Tepresents an inter-subarray spacing in a horizontal domain, d
represents a distance between antenna subarrays on a given panel in a vertical domain,
and d y represents a distance between antenna subarrays on a given panel in a horizontal
domain.

[00156] Example 28 includes the UE of any of Examples 25 to 27, further comprising:
means for configuring the DFT codebook to include a DFT codebook in a vertical domain
(¢, x) and a DFT codebook in a horizontal domain (cj ;) when each antenna panel in the
uniform rectangular antenna panel array includes multiple radio frequency (RF) chains
and distances between subarrays in antenna panel(s) are represented by dgg4 # dgp and
dsgn # dsn. wherein dg g represents an inter-subarray spacing in a vertical domain,
dgy represents an inter-panel distance in the vertical domain, dgg i represents an inter-
subarray spacing in a horizontal domain, and dg 5 represents an inter-panel distance in the
horizontal domain, wherein: the DFT codebook in the vertical domain (¢, ;) is

1 jemk jzn(NTf—l)k
(N.,-f 1 eNTf01 e N‘rfol

wherein N,.r represents a number of RF chains in a vertical domain at the base station, O,

T
represented by: ¢, = ] andk = 1,...,N,;0q,

represents an oversampling ratio, k represents a codebook index, and T represents a

Transpose function; and the DFT codebook in the horizontal domain (¢, ) is represented

T
1 jemk jen(M,r—1)k .
by: cpr = \/?rf [1 eMro2 e£4+};2):| and k = 1, ..., M,;O,, wherein M.,
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represents a number of RF chains in a horizontal domain at the base station, O, represents
an oversampling ratio, k represents a codebook index, and T represents a Transpose

function.

[00157] Example 29 includes the UE of any of Examples 25 to 28, further comprising:
means for configuring the DFT codebook based on whether the uniform rectangular

antenna panel array includes a single sector or multiple sectors.

[00158] Example 30 includes the UE of any of Examples 25 to 29, further comprising:
means for applying an auto-correlation matrix based quantization to the feedback to
reduce a quantization noise and a feedback size, and the auto-correlation matrix based
quantization is utilized when the DFT codebook is configured based on inter-element
distances and inter-panel distances in the uniform rectangular antenna panel array of the

base station antenna.

[00159] Example 31 includes the UE of any of Examples 25 to 30, further comprising:
means for encoding the feedback that includes the codebook index for transmission to the

base station in response to receiving a multi-beam transmission from the base station.

[00160] Various techniques, or certain aspects or portions thereof, may take the form of
program code (i.e., instructions) embodied in tangible media, such as floppy diskettes,
compact disc-read-only memory (CD-ROMs), hard drives, non-transitory computer
readable storage medium, or any other machine-readable storage medium wherein, when
the program code is loaded into and executed by a machine, such as a computer, the
machine becomes an apparatus for practicing the various techniques. In the case of
program code execution on programmable computers, the computing device may include
a processor, a storage medium readable by the processor (including volatile and non-
volatile memory and/or storage elements), at least one input device, and at least one
output device. The volatile and non-volatile memory and/or storage elements may be a
random-access memory (RAM), erasable programmable read only memory (EPROM),
flash drive, optical drive, magnetic hard drive, solid state drive, or other medium for
storing electronic data. The node and wireless device may also include a transceiver
module (i.e., transceiver), a counter module (i.e., counter), a processing module (i.e.,
processor), and/or a clock module (i.e., clock) or timer module (i.e., timer). In one

example, selected components of the transceiver module can be located in a cloud radio
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access network (C-RAN). One or more programs that may implement or utilize the
various techniques described herein may use an application programming interface (API),
reusable controls, and the like. Such programs may be implemented in a high level
procedural or object oriented programming language to communicate with a computer
system. However, the program(s) may be implemented in assembly or machine language,
if desired. In any case, the language may be a compiled or interpreted language, and

combined with hardware implementations.

[00161] As used herein, the term "circuitry" may refer to, be part of, or include

an Application Specific Integrated Circuit (ASIC), an electronic circuit, a processor
(shared, dedicated, or group), and/or memory (shared, dedicated, or group) that execute
one or more software or firmware programs, a combinational logic circuit, and/or other
suitable hardware components that provide the described functionality. In some
embodiments, the circuitry may be implemented in, or functions associated with the
circuitry may be implemented by, one or more software or firmware modules. In some

embodiments, circuitry may include logic, at least partially operable in hardware.

[00162] It should be understood that many of the functional units described in this
specification have been labeled as modules, in order to more particularly emphasize their
implementation independence. For example, a module may be implemented as a
hardware circuit comprising custom very-large-scale integration (VLSI) circuits or gate
arrays, off-the-shelf semiconductors such as logic chips, transistors, or other discrete
components. A module may also be implemented in programmable hardware devices
such as field programmable gate arrays, programmable array logic, programmable logic

devices or the like.

[00163] Modules may also be implemented in software for execution by various types of
processors. An identified module of executable code may, for instance, comprise one or
more physical or logical blocks of computer instructions, which may, for instance, be
organized as an object, procedure, or function. Nevertheless, the executables of an
identified module may not be physically located together, but may comprise disparate
instructions stored in different locations which, when joined logically together, comprise

the module and achieve the stated purpose for the module.

[00164] Indeed, a module of executable code may be a single instruction, or many
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instructions, and may even be distributed over several different code segments, among
different programs, and across several memory devices. Similarly, operational data may
be identified and illustrated herein within modules, and may be embodied in any suitable
form and organized within any suitable type of data structure. The operational data may
be collected as a single data set, or may be distributed over different locations including
over different storage devices, and may exist, at least partially, merely as electronic
signals on a system or network. The modules may be passive or active, including agents

operable to perform desired functions.

[00165] Reference throughout this specification to "an example" or “exemplary” means
that a particular feature, structure, or characteristic described in connection with the
example is included in at least one embodiment of the present technology. Thus,
appearances of the phrases "in an example" or the word “exemplary™ in various places

throughout this specification are not necessarily all referring to the same embodiment.

[00166] As used herein, a plurality of items, structural elements, compositional elements,
and/or materials may be presented in a common list for convenience. However, these lists
should be construed as though each member of the list is individually identified as a
separate and unique member. Thus, no individual member of such list should be
construed as a de facto equivalent of any other member of the same list solely based on
their presentation in a common group without indications to the contrary. In addition,
various embodiments and example of the present technology may be referred to herein
along with alternatives for the various components thereof. It is understood that such
embodiments, examples, and alternatives are not to be construed as defacto equivalents of
one another, but are to be considered as separate and autonomous representations of the

present technology.

[00167] Furthermore, the described features, structures, or characteristics may be
combined in any suitable manner in one or more embodiments. In the following
description, numerous specific details are provided, such as examples of layouts,
distances, network examples, etc., to provide a thorough understanding of embodiments
of the technology. One skilled in the relevant art will recognize, however, that the
technology can be practiced without one or more of the specific details, or with other

methods, components, layouts, etc. In other instances, well-known structures, materials,
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or operations are not shown or described in detail to avoid obscuring aspects of the

technology.

[00168] While the forgoing examples are illustrative of the principles of the present
technology in one or more particular applications, it will be apparent to those of ordinary
skill in the art that numerous modifications in form, usage and details of implementation
can be made without the exercise of inventive faculty, and without departing from the
principles and concepts of the technology. Accordingly, it is not intended that the

technology be limited, except as by the claims set forth below.
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CLAIMS

What is claimed is:

1. An apparatus of a user equipment (UE) operable to select codebook indexes

10

15

20

25

30

from discrete Fourier transform (DFT) codebooks, the apparatus comprising:

one or more processors configured to:

decode a channel state information reference signal (CSI-RS)
received from a base station;

estimate a channel vector between the UE and the base station
based on the CSI-RS;

select a codebook index from a DFT codebook, wherein the DFT
codebook is configured at the UE based on different inter-element
distances and inter-panel distances in a uniform rectangular antenna panel
array of a base station antenna; and

encode feedback that includes the codebook index for transmission
to the base station; and
a memory interface configured to send to a memory the DFT codebook
and the codebook index selected from the DFT codebook.

The apparatus of claim 1, further comprising a transceiver configured to:
receive the CSI-RS from the base station; and
transmit, to the base station, the feedback that includes the codebook index

in a narrowband transmission or a wideband transmission.

The apparatus of claim 1, wherein the one or more processors are further
configured to: configure the DFT codebook to include a DFT codebook in a
vertical domain (¢, ;) and a DFT codebook in a horizontal domain (cj ;) when
each antenna panel in the uniform rectangular antenna panel array includes a
single radio frequency (RF) chain and distances between subarrays in antenna
panel(s) are represented by ds;y = dgy and dgg y = dg ., wherein dgg
represents an inter-subarray spacing in a vertical domain, d, represents an

inter-panel distance in the vertical domain, dg4 5, represents an inter-subarray
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spacing in a horizontal domain, and d 4 represents an inter-panel distance in

the horizontal domain.

4. The apparatus of claim 3, wherein:

the DFT codebook in the vertical domain (c,, ;) is represented by:

. _ T
Coy = J%_g [1 e#”o"l e%} Jk=1,.., N0,
wherein N, represents a number of panels in a row of the uniform
rectangular antenna panel array, N, represents a number of RF chains in a
vertical domain at the base station, 0, represents a first oversampling ratio,
k represents a codebook index

, and T represents a Transpose function; and

the DFT codebook in the horizontal domain (¢, ;) is represented by:

. ) T
Chi = J% [1 oT07 e%} k=1,..., M40,
wherein M, represents a number of panels in a column of the uniform
rectangular antenna panel array, M,.r represents a number of RF chains in a
horizontal domain at the base station, O, represents a second oversampling
ratio, k represents a codebook index, and T represents a Transpose

function.

5. The apparatus of claim 4, wherein the number of RF chains in the horizontal
domain (M), the number of RF chains in the vertical domain (N, ), the
number of panels in the column of the uniform rectangular antenna panel array

(M), the number of panels in the row of the uniform rectangular antenna
panel array (Ny), the first oversampling ratio (0,), and the second

oversampling ratio (0,) are received from the base station via higher layer

signaling.

6. The apparatus of any of claims 1 to 5, wherein the one or more processors are

further configured to:
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identify an optimal inter-element and panel spacing in a vertical domain

(S,) for the uniform rectangular antenna panel array, wherein S, is represented

dsg,V_ds.V‘
by S, = ZeV7%V. ang
ds,V

identify an optimal inter-element and panel spacing in a horizontal domain

(Sy) for the uniform rectangular antenna panel array, wherein Sy, is represented

dsgu—ds
by SI‘L = SgH TsH

>
dsH

wherein dg represents an inter-subarray spacing in a vertical domain,
dsq n TEpresents an inter-subarray spacing in a horizontal domain, dgy
represents a distance between antenna subarrays on a given panel in a vertical
domain, and d, 4 represents a distance between antenna subarrays on a given

panel in a horizontal domain.

The apparatus of any of claims 1 to 5, wherein the one or more processors are
further configured to: configure the DFT codebook to include a DFT
codebook in a vertical domain (¢, ;) and a DFT codebook in a horizontal
domain (cj, ) when each antenna panel in the uniform rectangular antenna
panel array includes multiple radio frequency (RF) chains and distances
between subarrays in antenna panel(s) are represented by d4 1 # dsp and
dsgn # dsn, wherein dgg  represents an inter-subarray spacing in a vertical
domain, dg;; represents an inter-panel distance in the vertical domain, dg4
represents an inter-subarray spacing in a horizontal domain, and dg i

represents an inter-panel distance in the horizontal domain.

The apparatus of claim 7, wherein:

the DFT codebook in the vertical domain (c,, ;) is represented by:

c _ 1 jomk jzn(NTf—l)k
L /N.,-f 1 eNTf01 e Nrfol

T
] and k = 1,.., Ny O;.

wherein N,.r represents a number of RF chains in a vertical domain at the
base station, O, represents an oversampling ratio, k represents a codebook

index, and T represents a Transpose function; and
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10.

11.

12.

the DFT codebook in the horizontal domain (cy, ;) is represented by:

c 1 jemk jzn(MTf—l)k
T |1 eM e Mey02

wherein M, represents a number of RF chains in a horizontal domain at

T
] andk = 1, "'lMTfoza

the base station, O, represents an oversampling ratio, k represents a

codebook index, and T represents a Transpose function.

The apparatus of claim 1, wherein the one or more processors are further
configured to: configure the DFT codebook based on whether the uniform

rectangular antenna panel array includes a single sector or multiple sectors.

The apparatus of claim 1, wherein the one or more processors are further
configured to: apply an auto-correlation matrix based quantization to the
feedback to reduce a quantization noise and a feedback size, and the auto-
correlation matrix based quantization is utilized when the DFT codebook is
configured based on inter-element distances and inter-panel distances in the

uniform rectangular antenna panel array of the base station antenna.

The apparatus of claim 1, wherein the one or more processors are further
configured to: encode the feedback that includes the codebook index for
transmission to the base station in response to receiving a multi-beam

transmission from the base station.

An apparatus of a base station operable to process codebook indexes in
discrete Fourier transform (DFT) codebooks received from a user equipment
(UE), the apparatus comprising:
one or more processors configured to:
encode a channel state information reference signal (CSI-RS) for
transmission to the UE, wherein the CSI-RS enables an estimation of a
channel vector between the base station and the UE; and
decode feedback received from the UE, wherein the feedback
includes a codebook index selected from a DFT codebook, and the DFT
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13.

14.

codebook is based on different inter-element distances and inter-panel
distances in a uniform rectangular antenna panel array of a base station
antenna; and

a memory interface configured to send to a memory the feedback that

includes the codebook index received from the UE.

The apparatus of claim 12, wherein the DFT codebook includes a DFT
codebook in a vertical domain (c,, ;) and a DFT codebook in a horizontal
domain (cp, ;) when each antenna panel in the uniform rectangular antenna
panel array includes a single radio frequency (RF) chain and distances
between subarrays in antenna panel(s) are represented by dg4 1y = dg and
dsgn = dgn, wherein dg gy represents an inter-subarray spacing in a vertical
domain, d;, represents an inter-panel distance in the vertical domain, dgg4 5
represents an inter-subarray spacing in a horizontal domain, and dg 4

represents an inter-panel distance in the horizontal domain.

The apparatus of claim 13, wherein:

the DFT codebook in the vertical domain (c,, ;) is represented by:

_ jzrk_ s
Cyor = E[l eNrro1 GW] k=1, ...,NrfOl,
wherein N, represents a number of panels in a row of the uniform
rectangular antenna panel array, N,y represents a number of RF chains in a
vertical domain at the base station, O, represents a first oversampling ratio,
k represents a codebook index, and T represents a Transpose function; and

the DFT codebook in the horizontal domain (cy, &) is represented by:

c 1 jemk jzn(M.,.f—1)k
hie = g |1 eMrroz g M0

T
] ,k = 1, ""MTf02>

wherein M, represents a number of panels in a column of the uniform
rectangular antenna panel array, M,.; represents a number of RF chains in a

horizontal domain at the base station, O, represents a second oversampling
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16.

17.

ratio, k represents a codebook index, and T represents a Transpose

function.

The apparatus of claim 14, wherein the number of RF chains in the horizontal
domain (M), the number of RF chains in the vertical domain (N,f), the
number of panels in the column of the uniform rectangular antenna panel array
(My), the number of panels in the row of the uniform rectangular antenna
panel array (Ny), the first oversampling ratio (0,), and the second

oversampling ratio (0,) are configured for the UE via higher layer signaling.

The apparatus of any of claims 12 to 15, wherein the DFT codebook includes
a DFT codebook in a vertical domain (¢, ) and a DFT codebook in a
horizontal domain (¢ ;) when each antenna panel in the uniform rectangular
antenna panel array includes multiple radio frequency (RF) chains and
distances between subarrays in antenna panel(s) are represented by dgg, #
dsy and dsg y # dg gy, wherein dgg represents an inter-subarray spacing in a
vertical domain, d, represents an inter-panel distance in the vertical domain,
dsg,n Tepresents an inter-subarray spacing in a horizontal domain, and dg y

represents an inter-panel distance in the horizontal domain.

The apparatus of claim 16, wherein:

the DFT codebook in the vertical domain (c,, ;) is represented by:

T
_ 1 jemk J2r(Nyp—1)k _

Cyoi = N [1 eNror TN o andk =1,...,NpfOq,

wherein N, represents a number of RF chains in a vertical domain at the

base station, O, represents an oversampling ratio, k represents a codebook
index, and T represents a Transpose function; and
the DFT codebook in the horizontal domain (¢, ;) is represented by:

Jj2mk jar(Myp=1)k

T
1
ch,k = \/?Tflil eMTfOZ e MTf02 ] aIld k= 1, "'FMT‘fOZ:

wherein M,.; represents a number of RF chains in a horizontal domain at

50

Ex.1002
APPLE INC. / Page 281 of 404



10

20

25

30

WO 2018/031082 PCT/US2017/028925

18.

19.

the base station, O, represents an oversampling ratio, k represents a

codebook index, and T represents a Transpose function.

At least one machine readable storage medium having instructions embodied
thereon for selecting codebook indexes from discrete Fourier transform (DFT)
codebooks, the instructions when executed by one or more processors of the
UE perform the following:

decoding a channel state information reference signal (CSI-RS) received
from a base station;

estimating a channel vector between the UE and the base station based on
the CSI-RS;

selecting a codebook index from a DFT codebook, wherein the DFT
codebook is configured at the UE based on different inter-element distances
and inter-panel distances in a uniform rectangular antenna panel array of a
base station antenna; and

encoding feedback that includes the codebook index for transmission to

the base station.

The at least one machine readable storage medium of claim 18, further
comprising instructions when executed perform the following:

configuring the DFT codebook to include a DFT codebook in a vertical
domain (¢, ;) and a DFT codebook in a horizontal domain (cj, ) when each
antenna panel in the uniform rectangular antenna panel array includes a single
radio frequency (RF) chain and distances between subarrays in antenna
panel(s) are represented by dsgy = dgy and dgg gy = dg y, wherein dgg y
represents an inter-subarray spacing in a vertical domain, dgy represents an
inter-panel distance in the vertical domain, d4 5 Tepresents an inter-subarray
spacing in a horizontal domain, and d 4 represents an inter-panel distance in
the horizontal domain,

wherein:
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20.

the DFT codebook in the vertical domain (c,, ;) is represented by:

jemk jzn(NT -1

T
__1 )k _ .
Cop = N7 [1 eNrfo1 T Nygor ] sk =1,..,N.;04, wherein N,

represents a number of panels in a row of the uniform rectangular antenna
panel array, N, represents a number of RF chains in a vertical domain at
the base station, 04 represents a first oversampling ratio, k represents
and T represents a Transpose function; and

the DFT codebook in the horizontal domain (¢, ;) is represented

jemk jor(Myp-1

T
by: Cpy = ﬁ [1 e )"] k=1,.., M0,
wherein M, represents a number of panels in a column of the uniform
rectangular antenna panel array, M,.; represents a number of RF chains in a
horizontal domain at the base station, O, represents a second oversampling

ratio, k represents a codebook index, and T represents a Transpose

function.

The at least one machine readable storage medium of claim 18, further
comprising instructions when executed perform the following:
identifying an optimal inter-element and panel spacing in a vertical domain

(S,) for the uniform rectangular antenna panel array, wherein S, is represented

dsg,V_ds.V,
by S, = 2LV and
ds,V

identifying an optimal inter-element and panel spacing in a horizontal

domain (S},) for the uniform rectangular antenna panel array, wherein Sy, is

AdsgH—AsH
represented by S, = %—S
S,.H

wherein dg represents an inter-subarray spacing in a vertical domain,
dsg u represents an inter-subarray spacing in a horizontal domain, dg
represents a distance between antenna subarrays on a given panel in a vertical
domain, and d, 4 represents a distance between antenna subarrays on a given

panel in a horizontal domain.

52

Ex.1002
APPLE INC. / Page 283 of 404



10

15

20

25

30

WO 2018/031082 PCT/US2017/028925

21.

22.

23.

The at least one machine readable storage medium of any of claims 18 to 20,
further comprising instructions when executed perform the following:

configuring the DFT codebook to include a DFT codebook in a vertical
domain (¢, ;) and a DFT codebook in a horizontal domain (cj, ) when each
antenna panel in the uniform rectangular antenna panel array includes multiple
radio frequency (RF) chains and distances between subarrays in antenna
panel(s) are represented by dggy # dgy and dgg y # dg ., Wherein dgg
represents an inter-subarray spacing in a vertical domain, dgy represents an
inter-panel distance in the vertical domain, dg4 5 represents an inter-subarray
spacing in a horizontal domain, and d 4 represents an inter-panel distance in
the horizontal domain,

wherein:

the DFT codebook in the vertical domain (c,, ;) is represented by:

T
1 jamk jer(Npp-1)k _ .
Cop = N [1 eNrfOT TN and k = 1, ..., Ny O;, wherein

N, represents a number of RF chains in a vertical domain at the base
station, O, represents an oversampling ratio, k represents a codebook

index, and T represents a Transpose function; and

the DFT codebook in the horizontal domain (¢, ;) is represented

. T
) 1 jemk jer(Myp=1)k
by: cpx = N [1 eMrf%2  Taop ] andk =1,..,M,;0,,

wherein M, represents a number of RF chains in a horizontal domain at
the base station, O, represents an oversampling ratio, k represents a

codebook index, and T represents a Transpose function.

The at least one machine readable storage medium of any of claims 18 to 20,
further comprising instructions when executed perform the following:
configuring the DFT codebook based on whether the uniform rectangular

antenna panel array includes a single sector or multiple sectors.

The at least one machine readable storage medium of claim 18, further

comprising instructions when executed perform the following: applying an
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24.

auto-correlation matrix based quantization to the feedback to reduce a
quantization noise and a feedback size, and the auto-correlation matrix based
quantization is utilized when the DFT codebook is configured based on inter-
element distances and inter-panel distances in the uniform rectangular antenna

panel array of the base station antenna.

The at least one machine readable storage medium of claim 18, further
comprising instructions when executed perform the following: encoding the
feedback that includes the codebook index for transmission to the base station

in response to receiving a multi-beam transmission from the base station.
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METHODS AND APPARATUSES FOR OPERATING
MULTIPLE ANTENNA PANELS

CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] The present application claims the benefit of and priority to a provisional U.S. Patent
Application Serial No. 62/699465 filed on July 17, 2018, entitled “Method and Apparatus for
leading time of beam switching for multi-panel transmission,” with Attorney Docket No. US74514
(hereinafter referred to as “US74514 application”). The disclosure of the US74514 application is

hereby incorporated fully by reference into the present application.

FIELD
[0002] The present disclosure generally relates to wireless communications, and more

particularly, to methods and apparatuses for operating multiple antenna panels.

BACKGROUND

[0003] Various efforts have been made to improve different aspects of wireless
communications (e.g., data rate, latency, reliability, mobility, etc.) for the next generation (e.g.,
5G New Radio (NR)) wireless communication systems. Multi Input Multi Output (MIMO) is one
of the key features in the next generation wireless communication systems. With the MIMO
technology, a number of antenna panels at the transceiver/receiver can bring extra degrees of
freedom to increase the data throughput, beamforming gain and coverage.

[0004] However, due to the lack of proper signaling mechanisms, the network may not know
the current antenna panel status (e.g., how many and/or which of the antenna panels of the user
device is turned on/off) at the UE side, resulting in a reduced scheduling performance.

[0005] Hence, there is a need in the art for an improved signaling mechanism for operating

multiple antenna panels.

SUMMARY
[0006] The present disclosure is directed to methods and apparatuses for operating multiple
antenna panels.
[0007] According to an aspect of the present disclosure, a wireless communication device is

provided. The wireless communication device includes a plurality of antenna panels and a

1.
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processor coupled to the antenna panels. The processor is configured to maintain a plurality of
leading time values. The plurality of leading time values may indicate a plurality of leading time
durations. The processor is further configured to receive an indicator for antenna panel status
information from a base station (BS), and apply one of the plurality of leading time values to switch
an antenna panel status of the plurality of antenna panels based on the indicator for antenna panel
status information.

[0008] According to another aspect of the present disclosure, a method for operating a
plurality of antenna panels is provided. The method includes maintaining, by a wireless
communication device, a plurality of leading time values. The plurality of leading time values
indicates a plurality of leading time durations. The method further includes receiving, by the
wireless communication device, an indicator for antenna panel status information from a BS, and
applying, by the wireless communication device, one of the plurality of leading time values to
switch an antenna panel status of the plurality of antenna panels based on the indicator for antenna

panel status information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Aspects of the present disclosure are best understood from the following detailed
description when read with the accompanying figures. Various features are not drawn to scale.
Dimensions of various features may be arbitrarily increased or reduced for clarity of discussion.
[0010] Fig. 1 is a schematic diagram illustrating a wireless communication device including
a number of antenna panels, in accordance with example implementations of the present disclosure.
[0011] Fig. 2 is a schematic diagram illustrating a timeline of an antenna panel status of a
wireless communication device, in accordance with example implementations of the present
disclosure.

[0012] Fig. 3 is a schematic diagram illustrating a timeline of an antenna panel status of a
wireless communication device, in accordance with example implementations of the present
disclosure.

[0013] Fig. 4 is a schematic diagram illustrating a timeline of an antenna panel status of a
wireless communication device, in accordance with example implementations of the present

disclosure.

9.
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[0014] Fig. 5 is an example data structure indicating user equipment (UE) capability
information, in accordance with example implementations of the present disclosure.

[0015] Fig. 6 is an example data structure indicating a configuration of a timer for antenna
panel status, in accordance with example implementations of the present disclosure.

[0016] Fig. 7 is a flowchart for a method of selecting a scheduling offset value based on a
Transmission Configuration Indicator (TCI) state indicated by a BS, in accordance with example
implementations of the present disclosure.

[0017] Fig. 8 is an example data structure indicating TCI state configuration, in accordance
with example implementations of the present disclosure.

[0018] Fig. 9 is an example data structure of an indicator for antenna panel status, in
accordance with example implementations of the present disclosure.

[0019] Figs. 10A and 10B are schematic diagrams illustrating timelines of an antenna panel
status of a wireless communication device, in accordance with example implementations of the
present disclosure.

[0020] Figs. 11A and 11B are schematic diagrams illustrating timelines of an antenna panel
status of a wireless communication device, in accordance with example implementations of the
present disclosure.

[0021] Fig. 12 is a flowchart for a method of selecting an offset value for receiving an
aperiodic Channel State Information Reference Signal (CSI-RS), in accordance with example
implementations of the present disclosure.

[0022] Fig. 13 is an example data structure indicating an aperiodic CSI RS reception
configuration, in accordance with example implementations of the present disclosure.

[0023] Fig. 14 is an example of a Media Access Control (MAC)-Control Element (CE)
message, in accordance with example implementations of the present disclosure.

[0024] Fig. 15 is a schematic diagram illustrating that different triggering offset values are
applied for the changes in an antenna panel status of a wireless communication device, in
accordance with example implementations of the present disclosure.

[0025] Figs. 16A and 16B are schematic diagrams illustrating that different triggering offset
values are applied for the changes in an antenna panel status of a wireless communication device,

in accordance with example implementations of the present disclosure.
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[0026] Fig. 17 is a schematic diagram illustrating a timeline of an antenna panel status of a
wireless communication device, in accordance with example implementations of the present
disclosure.

[0027] Fig. 18 is flowchart for a method for determining an antenna panel status of a wireless
communication device based on a Discontinuous Reception (DRX) operation, in accordance with
example implementations of the present disclosure.

[0028] Fig. 19 is an example data structure indicating a Radio Resource Control (RRC)
configuration for a UE, in accordance with example implementations of the present disclosure.
[0029] Fig. 20 is a schematic diagram illustrating a timeline of an antenna panel status of a
wireless communication device and a timing diagram of a DRX cycle, in accordance with example
implementations of the present disclosure.

[0030] Fig. 21 is an example data structure indicating an RRC configuration for a UE, in
accordance with example implementations of the present disclosure.

[0031] Fig. 22 is a schematic diagram illustrating a timeline of an antenna panel status of a
wireless communication device and a timing diagram of a DRX cycle, in accordance with example
implementations of the present disclosure.

[0032] Fig. 23 is a flowchart for a method of operating multiple antenna panels, in accordance
with example implementations of the present disclosure.

[0033] Fig. 24 is a block diagram illustrating a node for wireless communication, in

accordance with various aspects of the present disclosure.

DETAILED DESCRIPTION

[0034] The following description contains specific information pertaining to example
implementations in the present disclosure. The drawings in the present disclosure and their
accompanying detailed description are directed to merely example implementations. However, the
present disclosure is not limited to merely these example implementations. Other variations and
implementations of the present disclosure will occur to those skilled in the art. Unless noted
otherwise, like or corresponding elements among the figures may be indicated by like or
corresponding reference numerals. Moreover, the drawings and illustrations in the present
disclosure are generally not to scale and are not intended to correspond to actual relative

dimensions.

4.
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[0035] For the purpose of consistency and ease of understanding, like features are identified
(although, in some examples, not shown) by numerals in the example figures. However, the
features in different implementations may be differed in other respects, and thus shall not be
narrowly confined to what is shown in the figures.

[0036] The description uses the phrases “in one implementation,” or “in some
implementations,” which may each refer to one or more of the same or different implementations.
The term “coupled” is defined as connected, whether directly or indirectly through intervening
components, and is not necessarily limited to physical connections. The term “comprising,” when
utilized, means “including, but not necessarily limited to”; it specifically indicates open-ended
inclusion or membership in the so-described combination, group, series and the equivalent. The
expression “at least one of A, B and C” or “at least one of the following: A, B and C” means “only
A, or only B, or only C, or any combination of A, B and C.”

[0037] Additionally, for the purposes of explanation and non-limitation, specific details, such
as functional entities, techniques, protocols, standard, and the like are set forth for providing an
understanding of the described technology. In other examples, detailed description of well-known
methods, technologies, system, architectures, and the like are omitted so as not to obscure the
description with unnecessary details.

[0038] Persons skilled in the art will immediately recognize that any network function(s) or
algorithm(s) described in the present disclosure may be implemented by hardware, software or a
combination of software and hardware. Described functions may correspond to modules may be
software, hardware, firmware, or any combination thereof. The software implementation may
comprise computer executable instructions stored on computer readable medium such as memory
or other type of storage devices. For example, one or more microprocessors or general-purpose
computers with communication processing capability may be programmed with corresponding
executable instructions and carry out the described network function(s) or algorithm(s). The
microprocessors or general-purpose computers may be formed of applications specific integrated
circuitry (ASIC), programmable logic arrays, and/or using one or more digital signal processor
(DSPs). Although some of the example implementations described in this specification are
oriented to software installed and executing on computer hardware, nevertheless, alternative
example implementations implemented as firmware or as hardware or combination of hardware

and software are well within the scope of the present disclosure.
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[0039] The computer readable medium includes but is not limited to random access memory
(RAM), read only memory (ROM), erasable programmable read-only memory (EPROM),
electrically erasable programmable read-only memory (EEPROM), flash memory, compact disc
read-only memory (CD-ROM), magnetic cassettes, magnetic tape, magnetic disk storage, or any
other equivalent medium capable of storing computer-readable instructions.

[0040] A radio communication network architecture (e.g., along term evolution (LTE) system,
an LTE-Advanced (LTE-A) system, an LTE-Advanced Pro system, or a 5G New Radio (NR)
Radio Access Network) typically includes at least one BS, at least one UE, and one or more
optional network elements that provide connection towards a network. The UE communicates with
the network (e.g., a core network (CN), an evolved packet core (EPC) network, an Evolved
Universal Terrestrial Radio Access network (E-UTRAN), a 5G Core (5GC), or an internet),
through a radio access network (RAN) established by one or more BSs.

[0041] It should be noted that, in the present application, a UE may include, but is not limited
to, a mobile station, a mobile terminal or device, a user communication radio terminal. For example,
a UE may be a portable radio equipment, which includes, but is not limited to, a mobile phone, a
tablet, a wearable device, a sensor, a vehicle, or a personal digital assistant (PDA) with wireless
communication capability. The UE is configured to receive and transmit signals over an air
interface to one or more cells in a radio access network.

[0042] A BS may be configured to provide communication services according to at least one
of the following Radio Access Technologies (RATs): Worldwide Interoperability for Microwave
Access (WiMAX), Global System for Mobile communications (GSM, often referred to as 2G),
GSM EDGE radio access Network (GERAN), General Packet Radio Service (GRPS), Universal
Mobile Telecommunication System (UMTS, often referred to as 3G) based on basic Wideband-
Code Division Multiple Access (W-CDMA), High-Speed Packet Access (HSPA), LTE, LTE-A,
eLTE (evolved LTE, e.g., LTE connected to 5GC), New Radio (NR, often referred to as 5G),
and/or LTE-A Pro. However, the scope of the present application should not be limited to the
above-mentioned protocols.

[0043] A BS may include, but is not limited to, a Node B (NB) as in the UMTS, an evolved
Node B (eNB) as in the LTE or LTE-A, a Radio Network Controller (RNC) as in the UMTS, a
Base Station Controller (BSC) as in the GSM/GERAN, a ng-eNB as in an E-UTRA BS in
connection with the 5SGC, a next generation Node B (gNB) as in the 5G-RAN, and any other

Ex.1002
APPLE INC. / Page 316 of 404



10

15

20

25

30

Attorney Docket No.: US77231

apparatus capable of controlling radio communication and managing radio resources within a cell.
The BS may connect to serve the one or more UEs through a radio interface to the network.
[0044] The BS is operable to provide radio coverage to a specific geographical area using a
plurality of cells forming the radio access network. The BS supports the operations of the cells.
Each cell is operable to provide services to at least one UE within its radio coverage. More
specifically, each cell (often referred to as a serving cell) provides services to serve one or more
UEs within its radio coverage (e.g., each cell schedules the downlink and optionally uplink
resources to at least one UE within its radio coverage for downlink and optionally uplink packet
transmissions). The BS can communicate with one or more UEs in the radio communication
system through the plurality of cells. A cell may allocate Sidelink (SL) resources for supporting
Proximity Service (ProSe) or Vehicle to Everything (V2X) service. Each cell may have overlapped
coverage areas with other cells.

[0045] As discussed above, the frame structure for NR is to support flexible configurations
for accommodating various next generation (e.g., 5G) communication requirements, such as
enhanced Mobile Broadband (eMBB), massive Machine Type Communication (mMTC), Ultra-
Reliable and Low-Latency Communication (URLLC), while fulfilling high reliability, high data
rate and low latency requirements. The orthogonal frequency-division multiplexing (OFDM)
technology as agreed in the 3" Generation Partnership Project (3GPP) may serve as a baseline for
NR waveform. The scalable OFDM numerology, such as the adaptive sub-carrier spacing, the
channel bandwidth, and the Cyclic Prefix (CP) may also be used. Additionally, two coding
schemes are considered for NR: (1) Low-Density Parity-Check (LDPC) code and (2) polar code.
The coding scheme adaption may be configured based on the channel conditions and/or the service
applications.

[0046] Moreover, it is also considered that in a transmission time interval TX of a single NR
frame, a Downlink (DL) transmission data, a guard period, and an uplink (UL) transmission data
should at least be included, where the respective portions of the DL transmission data, the guard
period, the UL transmission data should also be configurable, for example, based on the network
dynamics of NR. In addition, SL resource may also be provided in an NR frame to support ProSe
services or V2X services.

[0047] In addition, the terms “system” and “network’ herein may be used interchangeably.

The term “and/or” herein is only an association relationship for describing associated objects and
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represents that three relationships may exist. For example, A and/or B may indicate that: A exists
alone, A and B exist at the same time, and B exists alone. In addition, the character “/”’ herein
generally represents that the former and latter associated objects are in an “or’ relationship.
[0048] NR power saving is an issue which have been identified in the 3GPP meetings. The
objective of this issue is to minimize the power consumption with an improved wake up/go-to-
sleep mechanism, and to reduce the power consumption during the network access phase when a
UE operates in the RRC_CONNECTED mode. In some power saving schemes the focus is on
minimizing the dominate factors of power consumption during the network access phase. Such
dominate factors may include, for example, the processing of an aggregated bandwidth, the active
Radio Frequency (RF) chain number, the active reception/transmission time, and the dynamic
transition to a power efficient mode. In the majority cases of LTE scenarios, since little to no data
may be transmitted in a Transmission Time Interval (TTI), a power saving scheme which is capable
of dynamically adapting different data arrivals in the RRC_CONNECTED mode may be needed.
The dynamic adaptation to the data traffic may be implemented in different dimensions, such as
carriers, antennas, beamforming mechanisms, and bandwidths.

[0049] Furthermore, approaches to enhance the transition between a normal power
consumption mode and a power saving mode may be needed to be considered. For example, both
the network-assisted and the UE-assisted approaches may be considered for the UE’s power saving
mechanism.

[0050] Issues related to the leading time for beam switching may affect the power
consumption. The leading time for beam switching is, or may reflect, the minimum required time
for a UE to set up its antenna panel(s) for providing an indicated RX/TX beam to receive or
transmit data. For example, the leading time for beam switching may be the time period between
the time the UE receives a command that leads to a change(s) in the Rx beam/antenna panel status
and the time that the change(s) actually occurs. In some of the present implementations, if a TCI
state has not yet activated by a MAC-CE, the indicated mapping (between the TCI states and the
codepoints of a Downlink Control Information (DCI) field “Transmission Configuration
Indicator”) should be applied starting from a specific time point (e.g., slot n+3ms+1), when a
Hybrid Automatic Repeat Request Acknowledgement (HARQ-ACK) (which is corresponding to
a Physical Downlink Shared Channel (PDSCH) which carries the activation command) is

transmitted in the slot n. In some of such implementations, this specific time point may be used as

Ex.1002
APPLE INC. / Page 318 of 404



10

15

20

25

30

Attorney Docket No.: US77231

the starting time point of a leading time for beam switching. In some of the present
implementations, if the TCI state has been activated by a MAC-CE, the leading time for beam
switching may have the same starting time point as the scheduling offset. The scheduling offset,
in some implementations, may be a time duration starting from the end of the last symbol of a
Physical Downlink Control Channel (PDCCH) to the beginning of the first symbol of a PDSCH.
[0051] In addition, the beam switching delay may affect a UE’s power consumption in the
Frequency Range 2 (FR2). In order for the UE to optimize the power consumption, the UE may
need to be given a sufficient leading time for beam switching. For example, the leading time for
beam switching may be two milliseconds (ms) from the time a beam switch command is received
(e.g., for a control-channel-based way) or acknowledged (e.g., for a MAC-CE based way) to the
time the beam switch is completed.

[0052] In some implementations of the present disclosure, there may be at least three ms
between two consecutive commands indicating a beam switch. Such time value may be adjusted
if a longer time value is needed. In addition, from the time the UE receives the beam switch
command to the time the UE switches its beam/antenna panel status, the UE may still use the active
Rx beam for data reception, and there may be no interruption in the communication with the BS
(e.g., a gNB).

[0053] Fig. 1 is a schematic diagram illustrating a wireless communication device (e.g., a UE)
including a number of antenna panels, in accordance with example implementations of the present
disclosure. As shown in Fig. 1, a wireless communication device 100 includes four antenna panels
102, 104, 106 and 108. The antenna panels described herein may be referred to antenna arrays or
antenna ports. The antenna arrays may include a number of physical antennas, while the antenna
ports may not correspond to physical antennas, but rather may be logical entities distinguished by
their channel models.

[0054] The ON/OFF state of each antenna panel 102, 104, 106 and 108 may be switched by
the wireless communication device 100. Depending on the ON/OFF state of each antenna panel
102,104, 106 and 108, the antenna panels 102, 104, 106 and 108 may have different antenna panel
status. For example, the antenna panel status of the antenna panels 102, 104, 106 and 108 may be
determined as a first antenna panel status if only the antenna panel 102 is turned on and the other
antenna panels 104, 106 and 108 are turned off, and determined as a second antenna panel status

if all of the antenna panels 102, 104, 106 and 108 are turned on. It should be noted that the wireless
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communication device 100 including four antenna panels 102, 104, 106 and 108 in Fig. 1 is for
illustrative purposes only, and not intended to limit the scope of the present invention. That is, a
wireless communication device (e.g., the wireless communication device 100) may include a
different number of antenna panels than 4 (e.g., 6 panels, 8 panels, etc.) in some of the present
implementations. Furthermore, the antenna panel status of the antenna panels of the wireless
communication device may be defined arbitrarily based on the ON/OFF states and/or the number
of the antenna panels.

[0055] In many cases, a BS (e.g., a gNB) may not know the current antenna panel status of
the UE, which causes some issues since the BS always have to consider the worst case for the UE
to perform the beam switching. For example, the BS may need to configure the UE with a leading
time for beam switching which is much longer than a leading time the UE actually needs. As the
leading time becomes longer, the efficiency and flexibility of the UE’s operations may get lower.
Hence, a signaling mechanism that helps the BS to obtain the antenna panel status of the UE may
enhance the power consumption.

[0056] Another issue is related to the scheduling offset values. From Radio layer 1’s (RAN1’s)
perspective, if a UE is configured with a “tci-PresentInDCI” Information Element (IE) set to
“enabled” (for a Coreset Resource Set (CORESET) that schedules a PDSCH), the UE may assume
that the TCI field is present in the DCI format 1_1 (which is transmitted over the PDCCH of the
CORESET). On the other hand, if the tci-PresentInDCI IE is not configured for the CORESET (or
the tci-PresentInDCI IE is set to “disabled’), or the PDSCH is scheduled by a DCI format 1_0
(e.g., for determining the PDSCH antenna port’s QCL), the UE may assume that the TCI state
applied for receiving the PDSCH is identical to the TCI state applied for receiving the PDCCH of
the CORESET. In addition, if the tci-PresentInDCI IE is set to “enabled” and the PDSCH is
scheduled by the DCI format 1_1, the UE may apply a TCI state which is indicated by the DCI to
determine the QCL of the antenna port for the PDSCH. This is because the TCI state may indicate
the QCL type and the QCL Reference Signal (RS) corresponding to the RX beam for receiving the
PDSCH. If the time offset between the reception of the DL DCI and the corresponding PDSCH is
equal to or greater than a scheduling offset value (e.g., a threshold called “Threshold-Sched-
Offset”), the UE may assume that the antenna ports of one Demodulation Reference Signal (DM-
RS) port group of a PDSCH of a serving cell may be QCLed with the RS(s) that is associated with
the QCL type parameter(s) given by the indicated TCI state. For DL transmissions, the scheduling
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offset may be referred as a time period starting from the end of a PDCCH to the beginning of a
PDSCH. For example, the scheduling offset may be a time period that starts from the first symbol
after the end of the PDCCH to the first symbol of the PDSCH scheduled by the PDCCH. In some
implementations of the present disclosure, the scheduling offset value may be determined based
on the UE’s capability.

[0057] However, for a scheduling offset value configured for a UE that includes only one
antenna panel (or a single-antenna-panel UE), such value may not fulfill the leading time for beam
switching required by another UE that includes multiple antenna panels (or a multiple-antenna-
panel UE). Thus, a mechanism that is able to deal with how the UE determines which scheduling
offset value (e.g., Threshold-Sched-Offset) to be applied may be needed.

[0058] Another issue is related to Sounding Reference Signal (SRS) transmission.
Specifically, for aperiodic SRS transmissions and aperiodic CSI-RS receptions, the UE may need
to follow the aperiodic slot triggering offset configured in the SRS resource set configuration and
the CSI-RS resource set configuration, respectively. Considering that a longer leading time may
be applied to the power saving operation in the multiple-antenna-panel cases, the required
triggering offset configured for the single-antenna-panel cases and the multiple-antenna-panel
cases may be different. Although a BS can solve this issue by configuring multiple triggering offset
values for one resource set, it might cause overhead that occupies some bitfields of a DCI trigger
state for an SRS request and/or a CSI request. Hence, a mechanism for determining the triggering
offset of the aperiodic SRS/CSI-RS transmissions may be needed.

[0059] In addition, for SRS transmissions, a UE may be configured to switch its antenna panel
status for a sounding procedure for a DL CSI acquisition. If the UE is configured with a higher
layer parameter such as “SRS-SetUseusage (or SRS-usage)” in an SRS resource set (e.g., SRS-
ResourceSet), and the SRS-SetUseusage (or SRS-usage) is set as “antennaSwitching,” the UE
may be configured with one of the following configurations depending on the UE’s capability:
ITX2RX, 2TX4RX, 1TX4RX, I TX4RX/2TX4RX, and TX=RX. The BS may configure the UEs
having different capabilities with different number of SRS resource sets which contain different
SRS resources. For example, for a UE configured with the I TX2RX configuration, the BS may
configure one SRS resource set which may contain two SRS resources. Since the UE needs to
select and switch to the TX for transmission, there may be a guard period between each SRS

transmission. The guard period may be one or two symbols, depending on the numerology of the
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SRS resource. However, if the UE has multiple antenna panels and at least parts of the antenna
panels are turned off for power saving, the guard period for one or two symbols may not fulfill the
leading time of at least 2 ms for turning on the antenna panel(s). Hence, a mechanism for the UE
to perform antenna switching may be needed.

[0060] In accordance with some implementations of the present disclosure, methods and
apparatuses provide techniques for addressing the above-noted issues.

[0061] For example, techniques are described for determining the scheduling offset value(s).
As described above, the leading time for beam switching may be the minimum required time for a
UE to set up the antenna panels for providing an indicated RX/TX beam to receive/transmit the
data. If the scheduling offset of a DL/UL RSs/channel reception/transmission cannot fulfill the
leading time requirement, the UE may not be able to transmit/receive the RSs/channel successfully.
In some implementations of the present disclosure, the leading time may be related to the antenna
panel status. In addition, different values of the leading time may be predefined in the 3GPP
technical specification(s) for each or all of the antenna panel statuses. For example, each antenna
panel status may have its own leading time value. In another example, all antenna panel statuses
may have the same leading time value. In some implementations of the present disclosure, the UE
may report the required leading time for each or all of the antenna panel statuses. In some
implementations of the present disclosure, the UE may be configured with the required leading
time by the BS for each or all of the antenna panel statuses.

[0062] In some implementations of the present disclosure, the antenna panel status may
contain information about how many antenna panels at the UE are used for performing the data
reception/transmission of the channel/RSs, or how many antenna panels at the UE are
used/active/turned on in a particular time period.

[0063] In some implementations of the present disclosure, an indicator for antenna panel
status may be transmitted by the BS to indicate to a UE whether to enable/disable a power saving
mode or a normal power consumption mode. In the power saving mode, the UE may turn on a
smaller number of antenna panels than that in the normal power consumption mode. For example,
the UE may turn on only one antenna panel when operating in the power saving mode and tumn on
all of its antenna panels when operating in the normal power consumption mode.

[0064] It should be noted that the two operation modes (e.g., the power saving mode and the

normal power consumption mode) described herein is for illustrative purposes and not intended to
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limit the present invention. For example, the UE may be operable in a number of operation modes
different than two. In addition, if only the power saving mode and the normal power consumption
mode are involved in the power control scheme of the UE, the UE may enter the normal power
consumption mode when the power saving mode is disabled. In contrast, the UE may enter the
power saving mode when the normal power consumption mode is disabled.

[0065] In some implementations of the present disclosure, the indicator for antenna panel
status information may include a single-bit IE. The UE may enable the power saving mode when
the single-bit IE is set to a first value, and disable the power saving mode when the single-bit IE
is set to a second value. The total number of turn-on/active antenna panels when the power saving
mode is enabled may be less than that when the power saving mode is disabled.

[0066] In some implementations of the present disclosure, the indicator for antenna panel
status information may include a multiple-bit IE. The UE may be configured to turn on a particular
number of the antenna panels when the multiple-bit IE is set to a particular value.

[0067] In some implementations of the present disclosure, the indicator for antenna panel
status transmitted by the BS may be used for indicating which antenna panel status the UE is to
apply.

[0068] In some implementations of the present disclosure, if the UE is instructed by the BS to
perform data reception using multiple antenna panels when the UE is in the power saving mode,
the UE may need to apply a longer leading time than a normal leading time. Hence, in accordance
with the present disclosure, some techniques are provided for ensuring that the BS and the UE
have the same understanding on the antenna panel status of the UE. In some implementations of
the present disclosure, the antenna panel status may be used for indicating, explicitly or implicitly,
how many, or which, of the antenna panels of the UE are turned on (or active, or able to transmit
and receive data), and/or how many, or which, of the antenna panels of the UE are turned off (or
inactive, or not able to transmit and receive data).

[0069] In some implementations of the present disclosure, the antenna panel status of a UE
may be affected by Bandwidth Part (BWP) related operations. The UE may enable the power
saving mode or the normal power consumption mode based on whether the UE operates in a
particular BWP. For example, when the UE operates on a default, an initial, or a first active DL/UL
BWP, the UE may always enable the normal power consumption mode or the power saving mode.

[0070] In some implementations of the present disclosure, before the UE receives an RRC
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configuration/a MAC-CE message/a DCI message for setting the UE’s antenna panels status, the
UE may operate in the power saving mode or the normal power consumption mode. In some
implementations of the present disclosure, the UE may apply the power saving mode or the normal
power consumption mode for the antenna panels before the UE reports the UE’s capability about
the antenna panels.

[0071] As described above, in some implementations of the present disclosure, the indicator
for antenna panel status may be a single bit IE used for indicating whether the UE is in the power
saving mode or not. For example, the UE may be configured with an available number of antenna
panels for each BWP configuration. Once the UE receives the indicator for antenna panel status
(e.g., in the form of a single bit IE) being set to a first value (e.g., the bit value “0”), the UE may
turn on only part of the antenna panels to operate in the power saving mode. In contrast, if the
indicator for antenna panel status is set to a second value (e.g., the bit value “1”’), the UE may turn
on all of the antenna panels to enable the normal power consumption mode (or disable the power
saving mode).

[0072] In some implementations of the present disclosure, the indicator for antenna panel
status may be a multiple-bit IE used for indicating the antenna panels status to the UE. For example,
if the UE includes four antenna panels (e.g., the antenna panels 102, 104, 106 and 108 shown in
Fig. 1), the bit field of the indicator for antenna panel status may be set as “00” to indicate that all
of the antenna panels are turned off/inactive, or set as “01” to indicate that only one antenna panel
is active, or set as “10” to indicate that only two antenna panels are active, or set as “11” to indicate
that all antenna panels are active. While the indicator for antenna panel status described herein is
used to indicate to the UE to turn on a particular number of antenna panels, there are other ways
to use the indicator for antenna panel status in some implementations of the present disclosure. For
example, the indicator for antenna panel status may be used to indicate to the UE to turn on/off
which one or ones of the antenna panels. In addition, it should be noted the examples described
herein are not intended for limiting the present invention. For example, the indicator for antenna
panel status may have a number of bits, with each bit corresponding to a particular antenna panel
status.

[0073] The indicator for antenna panel status may be transmitted from the BS to the UE via a
DCI message, a MAC-CE massage, or through RRC signaling. For example, the indicator for

antenna panel status information may be contained in a TCI state ID indicated by the BS. In some
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implementations of the present disclosure, the value of the indicator for antenna panel status may
be updated and transmitted by the UE to the BS via an Uplink Control Information (UCI) message,
a MAC-CE massage, or through RRC signaling.

[0074] In some implementations of the present disclosure, the RRC configuration that
contains the indicator for antenna panel status may be an independent IE configured per UE-basis.
For example, the RRC configuration may be the same for one cell or one cell group. In such cases,
the RRC configuration may be a cell level or cell group level configuration. In another example,
the RRC configuration may be configured in a specific frequency range. For example, the RRC
configuration may only exist in the FR2.

[0075] In some implementations of the present disclosure, the UE may choose a leading time
for beam switching based on the antenna panel status. For example, during an RRC reconfiguration
period, or before the UE receives the first RRC configuration (e.g., while the UE attempts to
establish an RRC connection after a successful initial access, or while the UE performs an initial
access procedure), the UE may apply a default value of the leading time. Such default value may
be predefined in the 3GPP technical specification (e.g., “3 ms” defined in NR Release-15) and
determined as the UE’s capability for beam switching in the power saving mode. In another
example, the UE may apply the longest leading time configured in a UE capability list during this
period. In another example, the BS may send an indicator to the UE through an RRC configuration
(e.g., powerPrefIndicationConfig), and the UE may transmit or report the current antenna panel
status to the BS via another indicator (e.g., powerPreflndication). For example, the UE may
transmit an antenna panel status report to inform the BS of a change in the antenna panel status.
For example, the antenna panel status report may be contained in a beam report or a Channel State
Information (CSI) report. In some implementations of the present disclosure, the antenna panel
status report may include a single-bit IE. The UE may set the single-bit IE to a first value to indicate
that a power saving mode is enabled and set the single-bit IE to a second value to indicate that the
power saving mode is disabled. In some implementations of the present disclosure, the antenna
panel status report may include a multiple-bit IE. The UE may set the multiple-bit IE to a particular
value when a particular number of the plurality of antenna panels are tumed on.

[0076] In some implementations of the present disclosure, the BS may keep the antenna panel
status report from the UE and adjust the scheduling offset based on the antenna panel status report.

In some implementations of the present disclosure, the BS may configure the UE with a prohibit
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timer to prevent the UE from reporting the antenna panel status too frequently. The prohibit timer
may be used when the UE reports the antenna panel status to the BS through the RRC message(s),
MAC-CE massage(s) or DCI message(s). In some implementations of the present disclosure, the
prohibit timer may start at the first subframe/slot/OFDM symbol after the UE reports the antenna
panel status. For example, the prohibit timer may start at the first subframe/slot/OFDM symbol
after a physical resource (e.g., a Physical Uplink Control Channel (PUCCH) or a Physical Uplink
Share Channel (PUSCH)) that contains of the antenna panel status report of the UE. In addition,
in some implementations of the present disclosure, the UE may not report another antenna panel
status when the prohibit timer is running.

[0077] In some implementations of the present disclosure, the prohibit timer may be
bidirectional. For example, the prohibit timer may start when the antenna panel status transition
from the normal power consumption mode to the power saving mode, and vice versa. In some
implementations of the present disclosure, the prohibit timer may be unidirectional. For example,
the prohibit timer may only start when a specific power preference transition occurs (e.g.,
transitioning from the power saving mode to the normal power consumption mode). In some
implementations of the present disclosure, the prohibit timer may be configured separately for
different kinds of power preference transitions.

[0078] In some implementations of the present disclosure, the BS may configure multiple
antenna panel status to a UE via an RRC configuration, and the BS may indicate one of the multiple
antenna panel status through a MAC-CE message (e.g., which is called a “MAC-CE approach”).
For example, if the UE is configured with four antenna panel statuses by the RRC configuration,
the BS may send a MAC-CE message to indicate to the UE to use one of these four antenna panel
statuses. In addition, the BS may assume that the UE may follow the leading time for the indicated
antenna panel status during the time period between the reception of the MAC-CE message and
the reception of another MAC-CE message that contains an indicator for antenna panel status for
switching the antenna panel status.

[0079] In some implementations of the present disclosure, the UE may maintain multiple
leading time values configured by the BS or predefined in the 3GPP technical specification. These
leading time values may be cell-specific values or cell group-specific values.

[0080] In some implementations of the present disclosure, after the UE receives the RRC

configuration, but before receiving a MAC-CE massage for activation, the UE may apply one of
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the leading time values configured in an RRC configuration (if the leading time values are
configured in the RRC configuration by the BS) as a default value of the leading time.

[0081] In some implementations of the present disclosure, more than one antenna panel status
may be collected in a list of entries. For example, each of the entries may refer to a particular
antenna panel status, and each antenna panel status may be associated with a particular leading
time value.

[0082] In some implementations of the present disclosure, the default value of the leading
time may refer to the first entry (e.g., the entry indexed by “0’) in the list of entries in the RRC
configuration. In some implementations of the present disclosure, the default value of the leading
time may refer to an entry for the longest leading time in the RRC configuration (if the leading
time value is RRC-configured).

[0083] In some implementations of the present disclosure, a MAC-CE massage containing a
number of zero bits may be used. This MAC-CE massage may be used for turning on (or
“enabling”) or turning off (or “disabling”) the power saving mode. The UE may distinguish this
MAC-CE massage based on, for example, a Logical Channel Identity (LCID).

[0084] In some implementations of the present disclosure, at least one of the following items
may be included in a MAC-CE massage: a cell Identity (ID), a BWP ID, and an indicator for
antenna panel status. The UE may apply an antenna panel status indicated by the MAC-CE
message after the UE transmits an HARQ-ACK to the BS.

[0085] In some implementations of the present disclosure, the BS may configure multiple
antenna panel statuses to a UE via an RRC configuration, and the BS may indicate one of the
multiple antenna panel statuses through a DCI message (e.g., which is called a “DCI approach™).
For example, if the UE is configured with eight different antenna panel statuses in the RRC
configuration, the BS may transmit a DCI message which may contain an indicator for antenna
panel status to the UE to indicate to the UE to use one of the eight antenna panel statuses in the
RRC configuration.

[0086] In some implementations of the present disclosure, if a UE is configured with multiple
leading time values by the BS, the UE may apply one of the leading time values contained in an
RRC configuration as a default leading time value after the UE receives the RRC configuration
(but before receiving the DCI message). Similar to the MAC CE approach, the default leading time

value may refer to the first entry of the multiple antenna panel statuses in the RRC configuration
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(e.g., the entry with an index value of “0”), or an entry with the longest leading time in the RRC
configuration.

[0087] In some implementations of the present disclosure, the BS may use a MAC-CE
message to select a subset of the leading time values from the RRC configuration and indicate one
of the selected leading time value(s) by a DCI message. For example, the BS may configure 16
antenna panel statuses in an RRC configuration, and the BS may transmit a MAC-CE massage to
select four of these 16 antenna panel statuses in the RRC configuration. The BS may further
transmit a DCI message to indicate to the UE to use one of the four selected antenna panel statuses.
[0088] In some implementations of the present disclosure, irrespective of where the leading
time values are configured, the BS may need to ensure that the triggering/scheduling offset for the
DL/UL channels/signals can fulfill the requirement of leading time for switching the antenna panel
status. From UE’s perspective, the UE may not be expected to receive data from the BS during
the scheduling offset period.

[0089] In some implementations of the present disclosure, the antenna panel status may be
associated with the TCI states. For example, in addition to the QCL information, some TCI states
may further contain the antenna panel status (e.g., which is indicated by an explicit bit). In addition,
the maximum number of the TCI states in an RRC configuration, or a DCI message, may be
expanded since the BS may need more TCI state(s) to indicate different antenna panel statuses for
the same QCL information. For example, if the maximum number of TCI states is expanded from
64 to 96, the TCI state #63 may be used to represent a signal-antenna-panel status which is QCLed
with the CSI-RS resource #1, and the TCI state #64 may be used to represent a multi-antenna-
panel status which is QCLed with the same CSI-RS resource #1. In some implementations of the
present disclosure, once the QCL information of a DL/UL RS/channel is configured with a TCI
state (e.g., the TCI state #64) for multiple antenna panels, the UE may attempt to receive/transmit
the DL/UL RS/channel based on a leading time for beam switching for the multiple antenna panels.
[0090] In some implementations of the present disclosure, a TCI state table may be used when
the UE performs data reception/transmission by multiple antenna panels. For example, the BS may
configure the UE with multiple TCI state tables. The number of entries in each TCI state table may
be the same or different. The UE may select a specific TCI state table from these TCI state tables
based on a MAC-CE massage (e.g., used in the MAC-CE approach) or a DCI message (e.g., used

in the DCI approach). For example, if the UE receives a DCI message which contains an explicit
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bit (e.g., used as an indicator for antenna panel status) for indicating the UE to enable the power
saving mode, the UE may attempt to receive the PDSCH using a single antenna panel, instead of
using multiple antenna panels. In addition, the UE may further apply a leading time corresponding
to using the single antenna panel.

[0091] In some implementations of the present disclosure, a timer may be used to determine
the switch of the antenna panel status. For example, the UE may receive a timer from the BS and
switch the antenna panel status from a first antenna panel status to a second antenna panel status
after the timer expires. For example, when the timer expires, the UE may transition from the
normal power consumption mode (e.g., in which the UE turns on N2 antenna panels) to the power
saving mode (e.g., in which the UE turns on N1 antenna panel(s), where N1 is less than N2). In
another example, the UE may transition from the power saving mode to the normal power
consumption mode when the timer expires.

[0092] In some implementations of the present disclosure, the timer may expire when a DRX
inactivity timer expires or the UE enters a DRX off-period/sleep mode.

[0093] Fig. 2 is a schematic diagram illustrating a timeline of the antenna panel status of a
wireless communication device (e.g., a UE), in accordance with example implementations of the
present disclosure.

[0094] In the present implementation, a timer for antenna panel status may (re)start at the first
symbol after the end of the PDCCH. As shown in Fig. 2, in the slot #n, the UE receives an indicator
for antenna panel status via a DCI message which is transmitted over a PDCCH 202. The indicator
for antenna panel status may indicate to the UE to switch from a power saving mode (in which
there are only N1 antenna panel(s) is active/turned on) to a normal power consumption mode (in
which there are N2 antenna panels are active/turned on), where N2 is greater than N1.

[0095] As shown in Fig. 2, there is a time gap 21 between the time the UE receives the
indicator for antenna panel status from the PDCCH 202 and the time the UE actually turns on the
N2 antenna panels. The time gap 21 may reflect the time required for the UE to turn on the antenna
panel(s). In some implementations of the present disclosure, the time gap 21 may be deemed as
the leading time for beam switching of the UE.

[0096] In some implementations of the present disclosure, the UE may start the timer for
antenna panel status at the first symbol after the last symbol of the PDCCH 202 monitor occasion.
Also, the UE may further receive a PDSCH 204 scheduled by the PDCCH 202 in the same slot #n.

-19.

Ex.1002
APPLE INC. / Page 329 of 404



10

15

20

25

30

Attorney Docket No.: US77231

[0097] Before the timer expires, the BS may assume that the UE may keep the antenna panel
status indicated by the PDCCH 202, or applied for the PDSCH 204. Once the timer expires, the
BS may assume that the UE may return to the power saving mode. As shown in Fig. 2, in the slot
#n+2, after the timer expires, the UE may transmit a PUCCH 206 indicated by the PDCCH 202 in
the power saving mode.

[0098] In some implementations of the present disclosure, if the UE is instructed by the BS to
operate in the power saving mode, the timer may not start. In addition, the indicator for antenna
panel status may be implemented as any implicit/explicit data structure. For example, the indicator
for antenna panel status may include a single-bit IE or a multiple-bit IE or may be contained in a
beam report or a CSI report.

[0099] In some other implementations of the present disclosure, the timer for antenna panel
status may start at different time points, as shown in Figs. 3 and 4.

[00100] Fig. 3 is a schematic diagram illustrating a timeline of the antenna panel status of a
wireless communication device (e.g., a UE), in accordance with example implementations of the
present disclosure. In the present implementation, the timer for antenna panel status may start at
the first symbol after the end of a PUCCH. As shown in Fig. 3, in the slot #n, the UE receives an
indicator for antenna panel status via a DCI message which is transmitted over a PDCCH 302. The
UE may further receive a PDSCH 304 which is scheduled by the PDCCH 302 in the same slot #n.
[00101] The indicator for antenna panel status may indicate to the UE to switch from a power
saving mode (in which there are only N1 antenna panel(s) is turned on) to a normal power
consumption mode (in which there are N2 antenna panels are turned on, where N2 is greater than
N1). As shown in Fig. 3, there is a time gap 31 between the time the UE receives the indicator for
antenna panel status from the PDCCH 302 and the time the UE actually turns on the N2 antenna
panels. As described above, the time gap 31 may reflect the time required for the UE to turn on
the antenna panel(s). In addition, the time gap 31 may be deemed as the leading time for beam
switching of the UE.

[00102] In the present implementation, the UE may start the timer at the first symbol after the
last symbol of a PUCCH 306 monitor occasion. Similar to the implementations provided with
reference to Fig. 2, before the timer expires, the BS may assume that the UE may keep the antenna
panel status indicated by the PDCCH 302, or applied for the PDSCH 304. Once the timer expires,

the BS may assume that the UE may return to the power saving mode. As shown in Fig. 3, in the
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slot #n+4, after the timer expires, the UE may turn off (N2-N1) antenna panels to go back to the
power saving mode.

[00103] Fig. 4 is a schematic diagram illustrating a timeline of the antenna panel status of a
wireless communication device (e.g., a UE), in accordance with example implementations of the
present disclosure. In the present implementation, the timer for antenna panel status may start at
the first symbol after the end of a PDSCH. As shown in Fig. 4, in the slot #n, the UE may receive
an indicator for antenna panel status via a DCI message which is transmitted over a PDCCH 402.
The UE may further receive a PDSCH 404, which is scheduled by the PDCCH 402 in the same
slot #n. Then, the UE may transmit a PUCCH 406, which is indicated by the PDCCH 402, in the
slot #n+2.

[00104] The indicator for antenna panel status may indicate to the UE to switch from a power
saving mode (in which there are only N1 antenna panel(s) is turned on) to a normal power
consumption mode (in which there are N2 antenna panels are turned on, where N2 is greater than
N1). As shown in Fig. 4, there is a time gap 41 between the time the UE receives the indicator for
antenna panel status from the PDCCH 402 and the time the UE actually turns on the N2 antenna
panels. As noted above, the time gap 41 may reflect the time required for the UE to turn on the
antenna panel(s). In addition, the time gap 41 may be deemed as the leading time for beam
switching of the UE.

[00105]  Asdescribed above, the UE may start the timer at the first symbol after the last symbol
of the PDSCH 404. Before the timer expires, the BS may assume that the UE may keep the antenna
panel status indicated by the PDCCH 402 or applied for the PDSCH 404. Once the timer expires,
the BS may assume that the UE may return to the power saving mode. As shown in Fig. 4, in the
slot #n+4, after the timer expires, the UE may turn off certain antenna panel(s) to transition to the
power saving mode.

[00106] The timer for antenna panel status may count based on an absolute time unit (e.g., ms),
a time slot, a subframe, or an OFDM symbol. In some implementations of the present disclosure,
if the timer counts based on a time slot or an OFDM symbol, the numerology of the time unit may
be determined based on the PDCCH which carries the scheduling information, or based on the
PDSCH/RSs/ PUSCH/PUCCH which is scheduled by the PDCCH.

[00107] In some implementations of the present disclosure, the timer for antenna panel status

may be an optional feature for the UE. For example, the BS may decide whether to configure the
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timer to the UE based on the UE’s capability. In addition, if the UE is not configured with the
timer for antenna panel status, the UE may not automatically switch the antenna panel status (e.g.,
return to the power saving mode automatically). In such a case, the UE may follow the most
recently received indicator for antenna panels status (e.g., contained in a DCI message, a MAC-
CE massage, or an RRC configuration) from the BS to determine the antenna panels status, until
the UE sends a request to the BS and/or receives another indicator for antenna panels status from
the BS. In some implementations of the present disclosure, the BS may not configure the UE with
the timer for antenna panel status. In such a case, if the BS does not receive a response to the
indicator for antenna panel status from the UE, the BS may assume that the UE is in the power
saving mode. Hence, the BS may assume that a longer leading time may be adopted by the UE,
and the BS may determine a scheduling offset value for the UE based on this assumption.
[00108] Some implementations of the present disclosure are described herein for determining
the scheduling offset values and the leading time values for different antenna panel statuses.
[00109] In some implementations, there is only one leading time value for each DL/UL
channel/RSs reception/transmission. Such a leading time value may be defined by the UE’s
capability for example. However, the above-mentioned mechanism may not be suitable for a
situation where the UE needs a longer leading time for beam switching. Although the BS may
configure the UE with a scheduling offset that is long enough to fulfill various leading times of
different antenna panel statuses, such a configuration may cause some scheduling restrictions (e.g.,
because the UE may not always need to use a long leading time). Hence, in accordance with some
implementations of the present disclosure, some techniques are provided to improve scheduling
flexibility and performance of beam switching. For example, all DL/UL channel/RSs may be
configured with one or more additional scheduling/triggering offset values for the situations where
the UE may need to apply a long leading time value for beam switching, such as a PDSCH
scheduling offset, a CSI-RS resource reception, a PUSCH transmission, and an SRS antenna
switch.

[00110] In some implementations of the present disclosure, multiple scheduling offset values
may be predefined for the UE (e.g., based on the 3GPP technical specification) or contained in the
RRC configuration. The UE may apply one of the scheduling offset values based on the indicator
for antenna panels status received from the BS. For example, the UE may apply a first scheduling

offset value for a normal leading time case (e.g., in which the UE may not require to turn on an
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antenna panel, or only need to turn N1 antenna panel(s)), and apply a second scheduling offset
value for a long leading time case (e.g., in which UE may need to turn on all of the antenna panels,
or need to turn N2 antenna panels, where N2 is greater than N1).

[00111] In some implementations of the present disclosure, the UE may receive a plurality of
scheduling offset values (e.g., including the first scheduling offset value and the second scheduling
offset value) from the BS. Each of the scheduling offset values may be used for indicating a time
duration counting from an end of a PDCCH to a beginning of a PDSCH. The UE may receive a
first DCI message for setting the antenna panel status to a first antenna panel status. In response to
receiving the first DCI message, the UE may apply the first scheduling offset value to receive first
information on a DL channel (e.g., a PDSCH) scheduled by the first DCI message. The UE may
further receive a second DCI message for switching the antenna panel status from the first antenna
panel status to a second antenna panel status. For example, the second DCI message may include
an indicator for antenna panel status information. In response to receiving the second DCI message,
the UE may apply the second scheduling offset value to receive second information on a second
DL channel (e.g., another PDSCH) scheduled by the second DCI message.

[00112] In some implementations of the present disclosure, each DL/UL channel/RS may have
its corresponding scheduling offset value. For example, in order to receive an aperiodic CSI-RS
resource, the RRC configuration may include two scheduling offset values: one leading time value
may be indicated as X1 slot(s) (e.g., one slot) used for a normal leading time case, and another
leading time value may be indicated as X2 slots (e.g., three slots) used for a long leading time case,
where X2 is greater than X1. The UE may select one of these scheduling offset values based on
the indicator for antenna panel status received from the BS. In another example, in order to receive
the PDSCH, the RRC configuration may include two scheduling offset values (e.g., the KO
parameters/values in the pdsch-TimeDomainResourceAllocationList IE). For example, one
scheduling offset value (KO) may be indicated as X1 slot(s) for the normal leading time case, and
another scheduling offset value (K0) may be indicated as X2 slots for the long leading time case.
The UE may select one of the scheduling offset values based on the indicator for antenna panel
status.

[00113] In some implementations of the present disclosure, the UE may receive a scheduling
offset value from the BS. The scheduling offset value may include at least one of a KO

parameter/value for a DL channel (e.g., a PDSCH) and a K2 parameter/value for a UL channel
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(e.g., a PUSCH). If the time duration indicated by the scheduling offset value is less than the
leading time duration indicated by a selected leading time value, the UE may further determine
that the scheduling offset value is invalid.

[00114] In some implementations of the present disclosure, all of the DL/UL channel/RSs may
apply the same leading time value for beam switching. For example, when the UE operates in the
normal power consumption mode, the PUSCH transmission may be associated with a specific
scheduling offset value that is used for the normal leading time case (e.g., a K2 value for
determining a PUSCH transmission offset). On the other hand, the PDSCH transmission may be
associated with another scheduling offset also for the normal leading time case (e.g., a KO value
for determining a PDSCH reception offset).

[00115] In contrast, when the UE operates in the power saving mode, both the PUSCH
transmission and the PDSCH reception may apply the same scheduling offset value. This
scheduling offset value may be predefined by the 3GPP technical specifications, or configured in
the RRC configuration, or determined based on the UE’s capability. In some other
implementations of the present disclosure, all DL channels/RSs may apply a first scheduling offset
value suitable for the long leading time case, while all UL channels/RSs may apply a second
scheduling offset value also suitable for the long leading time case, where the first scheduling
offset value and the second scheduling offset value may be different. In some of the present
implementations, all of the DL/UL channels/RSs may be configured with an additional leading
time value for a beam switch case (e.g., a PDSCH scheduling offset, a CSI-RS resource reception,
a PUSCH transmission or an SRS antenna switch).

[00116] Some implementations of the present disclosure are described herein for providing
techniques for helping the BS to acquire information about the antenna panel status of the UE.
[00117] In some implementations of the present disclosure, the CSI measurement/report
obtained under different antenna panel statuses may be transmitted from the UE to the BS via
UCI/MAC-CE messages. In the UCI case, there may be at least two ways for the UE to inform the
BS of the antenna panels status. One way is to introduce a particular IE contained in the CSI report,
and the other way is to reuse the reserved bit field of an IE contained in the CSIreport. In addition,
the UE may transmit a CSI parameter to the BS for reporting the antenna panel status. The CSI
parameter may include at least one of a Precoding Matrix Indicator (PMI), a Channel Quality

Indicator (CQI), a Rank Indication (RI), a Layer Indication (LI), and a Layer 1 Reference Signals
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Received Power (LL1-RSRP).

[00118] The information used to help the BS to acquire the antenna panel status of the UE may
be referred to as the UE assistance information. In some implementations of the present disclosure,
the UE may transmit the UE assistance information to the BS if the UE is not configured with the
timer for antenna panel status, or does not have the ability to use the timer. In some
implementations of the present disclosure, the UE may transmit the UE assistance information to
the BS if the UE is configured to (or have the ability to) switch its antenna panel status only when
receiving the indicator for antenna panel status via a MAC-CE massage and/or an RRC message.

[00119] An example L1-RSRP report quantized table is shown as follows:

Table 1
Bits RSRP range
0000000 RSRP > -44 dBm
0000001 -44 dBm> RSRP > -45 dBm
0000010 -45 dBm> RSRP > -46 dBm
1100000 -139 dBm> RSRP > -140 dBm
1100001 -140 dBm> RSRP
1100011 Antenna panel status #0
1100100 Antenna panel status #1
111111t Reserved

[00120] As shown in Table 1, a number of the reserved bit fields (e.g., bit fields “1100011”
and “1100100’) in the L1-RSRP report quantized table are reused for indicating the antenna panel
status. For example, if the UE reports a value of “1100011” as the largest L1 RSRP value in the
L1-RSRP report, the BS may assume that the UE is in the power saving mode.

[00121] In some implementations of the present disclosure, if the UE is configured to perform
a group-based beam reporting procedure (e.g., in which the UE may receive signals simultaneously
via a group of RX beams), the antenna panel status of the UE may be indicated by an L1-RSRP
related value (e.g., a reserved L1-RSRP value and/or a specific differential L1-RSRP value). For
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example, if the bit field for the largest L1-RSRP value is a reserved value (e.g., “1100011”") and
the differential L1-RSRP value is a special value (e.g., “0000"), the BS may assume that the UE
is in the power saving mode or in a specific antenna panel status, as shown in Table 1.

[00122] In some implementations of the present disclosure, the BS may assume that the
indicated antenna panel status will be applied by the UE from the first symbol after the end of the
slot at which the UCI or the PUSCH of the MAC-CE massage is transmitted through. For example,
if the UE is configured with a timer for antenna panel status (e.g., the timer described with
reference to Figs. 2, 3 and 4), this timer may start at the first symbol after the end of the slot at
which the UCI or the PUSCH of the MAC-CE massage is transmitted through.

[00123] In some implementations of the present disclosure, the mechanisms described above
can be applied for the cases that the BS configures the UE to measure the CSI-RS resource/SSB
by a single antenna panel, whereas the UE is actually able to (or has to) apply multiple antenna
panels in the time resource for receiving the CSI-RS resource/SSB. In some implementations of
the present disclosure, the UE may indicate the antenna panel status to the BS via the CSI
parameter of the CSI report.

[00124] In some implementations of the present disclosure, the UE may report multiple sets of
CSI parameters to the BS. For example, among the multiple sets of CSI parameters, one set of the
CSI parameters may include CSI parameter(s) received and obtained through a single antenna
panel, while another set of the CSI parameters may include CSI parameter(s) received and obtained
through multiple antenna panels.

[00125] In some implementations of the present disclosure, techniques are described herein for
determining the antenna panel status of a UE based on a DRX operation.

[00126] The DRX operation is a mechanism that makes a UE discontinuously monitor/receive
the PDCCH to reduce the power consumption of the UE. However, when performing the DRX
operation, the UE may still need to monitor a number of RSs in a DRX off-duration or a DRX
inactive period. Hence, in some implementations of the present disclosure, whether to enable the
power saving mode at a UE may be determined based on the DRX operation.

[00127] In some implementations of the present disclosure, a UE may decide to operate in the
power saving mode when the UE is in a DRX off-duration or a DRX inactive period. For example,
a UE may enable the power saving mode when the UE operates in a DRX active time (or a DRX

on-duration) and disable the power saving mode when the UE operates in a DRX inactive time (or
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a DRX off-duration).

[00128] In some implementations of the present disclosure, whether to operate in the power
saving mode is independent of the DRX operation. For example, a UE may only follow the
indicator for antenna panel status received from the BS, without considering whether the UE is
currently in a DRX on-duration or the DRX off-duration.

[00129] In some implementations of the present disclosure, whether to operate in the power
saving mode may be determined based on the length of a DRX cycle (e.g., a time gap between two
UE-wake-up instances). For example, the UE may be configured with a particular threshold and
determine whether to enable the power saving mode according to a comparison between the
threshold and the length of the DRX period. For example, if the threshold is 50 ms and the UE is
configured with a DRX period of 40 ms, then the UE may not enable the power saving mode
because the length of the DRX period (40 ms) is less than the threshold (50 ms). In the same way,
if the UE is configured with a DRX period of 60 ms, the UE may enable the power saving antenna
status because the length of the DRX period (60 ms) is greater than the threshold (50 ms). This
threshold may be predefined in the 3GPP technical specifications or configured by the BS via an
RRC signaling.

[00130] In some implementations of the present disclosure, the UE may assume that it will not
operate in the power saving mode if the UE is in the active time. For example, the active time may
include the time while: 1) a specific timer (e.g., drx-onDurationTimer or drx-InactivityTimer or
drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTime) is
running; or 2) a scheduling request is sent on a PUCCH and is pending; or 3) a PDCCH indicating
a new transmission addressed to the Cell Radio Network Temporary Identifier (C-RNTI) of the
MAC entity has not been received after successful reception of a random access response for the
random access preamble not selected by the MAC entity among the contention-based random
access preamble.

[00131] In some implementations of the present disclosure, the UE may automatically
enter/stay the normal power consumption mode regardless of the BS’s indication. For example,
the UE may automatically switch the antenna panel status without further reception of a new
indicator for antenna panel status information from the BS.

[00132] In some implementations of the present disclosure, if the UE is configured with a timer

for antenna panel status, this timer may be affected by the DRX inactivity timer, because from the
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UE’s perspective, whether to operate in the power saving mode may be related to the DRX
operations. For example, when the DRX inactivity timer expires while the timer for antenna panel
status is still running, the UE may switch to the DRX off duration and enable the power saving
mode. In addition, the timer for antenna panel status may then stop. In another example, the
operation of the DRX inactivity timer and the timer for antenna panel status are independent.
[00133] An illustrative example (denoted as Example 0) will now be provided, where the UE
may inform the BS of the UE’s capability.

[00134] Fig. 5 is an example of a data structure indicating UE capability information, in
accordance with example implementations of the present disclosure. As shown in Fig. 5, UE
capability information 502 includes a number of parameters related to the antenna panel status of
the US. The parameters may include at least one of a power saving indicator (which may be used
as the indicator for antenna panel status described herein), a timer for antenna panel status (for
which the value may be set as “true/support” or “false/not support”), a maximum number of
support antenna panels (e.g., one, two, four or eight), a support indication method (e.g., which may
indicate whether an RRC, MAC-CE, or DCI approach is supported), a required time for antenna
panel status switch (e.g., 1 ms, 2 ms, 3 ms, or 4 ms), and a UE assistance indication (for which the
value may be set as “true/support” or “false/not support’’). The UE may transmit the UE capability
information 502 to the BS after establishing an RRC connection to the BS. If the UE supports the
timer for antenna panel status, the BS may configure the length of the timer for antenna panel
status to the UE, as shown in Fig. 6.

[00135] Fig. 6 is an example data structure indicating the configuration of the timer for antenna
panel status, in accordance with example implementations of the present disclosure. As shown in
Fig. 6, a configuration 602 may indicate that the length/duration of the timer for antenna panel
status is four slots.

[00136] An illustrative example (Example 1-1) will now be provided, where the scheduling
offset value (e.g., KO value) for PDSCH reception may be selected based on an indicator for
antenna panel status (e.g., contained in a TCI state) from the BS.

[00137]  Fig. 7 is a flowchart for a method of selecting a scheduling offset value based on a TCI
state indicated by the BS, in accordance with example implementations of the present disclosure.
[00138] In action 702, a UE may be configured with multiple sets of parameters corresponding

to different operation modes (e.g., the power saving mode and the normal power consumption
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mode). For example, the UE may be configured with two different leading time values. One
leading time value may be 10 us, and the other one may be 3 ms. As noted above, the UE may
apply a first leading time when the UE needs to turn on a first number of antenna panel(s), and
apply a second leading time when the UE needs to turn on a second number of antenna panel(s),
where the first leading time is longer than the second leading time if the first number is greater
than the second number. Hence, in this example, the shorter leading time, 10 us, may be applied
in the case that the UE does not need to further turn on an antenna panel in response to the indicator
for antenna panel status, and the longer leading time, 3 ms, may be applied in the case that the UE
needs to turn on one or more antenna panels to change the operation mode (e.g., to switch from
the power saving mode to the normal power consumption mode).

[00139] The leading time values may be predefined in the 3GPP technical specifications or
configured by the BS via an RRC signaling. In addition, the UE may be configured with a set of
KO values in the pdsch-TimeDomainResourceAllocationList IE of an RRC configuration. An

example of the KO configuration is as follows.

Table 2
Row index KO (normal, long)
0 (0 slot, 3 slots)
1 (0 slot, 3 slots)
15 (1 slot, 4 slots)

[00140] For each indexed row of the KO configuration, the UE may determine which of the
normal KO value and the long KO value should be applied. In addition, the UE may be configured
with a certain number of TCI state(s) in the RRC configuration, and each of the TCI state(s) may
be associated with a particular antenna panel status.

[00141] Fig. 8 is an example data structure indicating TCI state configuration, in accordance
with example implementations of the present disclosure. As shown in Fig. 8, a TCI state
configuration 802 includes 64 TCI states, and each TCI state may include a power saving mode IE
for indicating whether to enable the power saving mode when the corresponding TCI state is
applied.

[00142] In addition, the UE may be configured by the BS to enable the power saving mode via
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an indicator for antenna panel status. Fig. 9 is an example data structure for an indicator for antenna
panel status, in accordance with example implementations of the present disclosure. As shown in
Fig. 9, an indicator for antenna panel status 902 includes a power saving mode IE which is set as
“true” to indicate to the UE to enable the power saving mode.

[00143] It should be noted that the parameter values, data formats, and configurations provided
herein are for illustrative purposes only, and not intended to limit the scope of the present invention.
For example, the number of slots for each KO value (e.g., the normal KO value or the long KO
value) may be different for different numerologies.

[00144] Referring back to Fig. 7. In action 704, the UE may receive a DCI message from the
BS. In action 706, the UE may apply a TCI state indicated by the DCI message. In action 708, the
UE may apply a KO value corresponding to the antenna panel status associated with the TCI state.
[00145] Figs. 10A and 10B are schematic diagrams illustrating timelines of the antenna panel
status of a wireless communication device (e.g., a UE), in accordance with example
implementations of the present disclosure. It should be noted that the timeline of Fig. 10B is
continued from that of Fig. 10A. In this example, the total number of turned-on/active antenna
panels at the UE is N1 when the power saving mode is enabled and is N2 when the power saving
mode is disabled, where N1 is less than N2. For example, N1 may be “1” and N2 may be the
number of the antenna panels the UE has.

[00146] As shown in Fig. 10A, the UE may receive and decode a first DCI message DCI_1
which is transmitted over a PDCCH 1002 in the slot #n. The first DCI message DCI_1 may indicate
to the UE to apply a particular TCI state (e.g., the TCI state #1 contained in the TCI state
configuration 802 in Fig. 8) for a scheduling PDSCH 1004. According to Fig. 8, because the TCI
state #1 includes a power saving mode IE which is configured with a “true” value, the UE may
follow the TCI state #1 to monitor the scheduling PDSCH 1004 in the power saving mode. In some
implementations of the present disclosure, the UE may apply a normal KO value when the UE does
not need to further turn on an antenna panel in response to the indicator for antenna panel status
from the BS, and may apply a long KO value when the UE needs to turn on at least one antenna
panel in response to the indicator for antenna panel status. In this example, because the UE has
already in the power saving mode before receiving the first DCI message DCI_1, the UE may refer
to the KO configuration in Table 2 to apply a normal KO value (e.g., O slot) contained in the row

entry which is indexed by “1” and associated with the TCI state #1. Once the normal KO value
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(e.g., O slot) is applied, the UE is expected to receive the PDSCH 1004 in the same slot as the
PDCCH 1002, as shown in Fig. 10A.

[00147] After successfully receiving and decoding the PDSCH 1004, the UE may transmit a
HARQ-ACK over a PUCCH 1006 in the slot #n+1 based on the HARQ resource indicator (ARI)
contained in the first DCI message DCI_1. Then, the UE may further receive and decode a second
DCI message DCI_2 which is transmitted over a PDCCH 1008 in the slot #m. In this example, the
second DCI message DCI_2 may indicate to the UE to apply the TCI state #64 for a scheduling
PDSCH 1010. According to Fig. 8, because the TCI state #64 includes a power saving mode IE
which is configured with a “false” value, the TCI state #64 may indicate to the UE to receive the
scheduling PDSCH 1010 in the normal power consumption mode, in which there are N2 antenna
panels turned on by the UE. As noted above, because the UE needs to turn on a number of antenna
panels to enter the normal power consumption mode, the UE may apply a long KO value for
receiving the PDSCH 1010. For example, the UE may refer to the KO configuration in Table 2 to
apply a long KO value (e.g., 4 slots) contained in the row entry which is indexed by “15” and
associated with the TCI state #64. Once the long KO value (e.g., 4 slots) is applied, the UE will
expect to receive the PDSCH 1010 in the slot m+4, which is the fourth slot after the slot #m, as
shown in Fig. 10A.

[00148] After successfully receiving and decoding the PDSCH 1010, the UE may transmit a
HARQ-ACK over a PUCCH 1012 in the slot #m+6 based on the ARI contain in the second DCI
message DCI_2, as shown in Fig. 10B.

[00149] Then, the UE may receive and decode a third DCI message DCI_3 which is transmitted
over a PDCCH 1014 in the slot #m+7. In this example the third DCI message DCI_3 may indicate
to the UE to apply the same TCI state #64 as indicated in second DCI message DCI_2 for a
scheduling PDSCH 1016. Although the TCI state #64 may indicate to the UE to receive the
scheduling PDSCH 1016 in the normal power consumption mode, the UE has already operated in
the normal power consumption mode before receiving the third DCI message DCI_3. Thus, the
UE does not need to further turn on an antenna panel at this moment, and the UE may apply the
normal KO value (e.g., O slot) to determine when to receive the PDSCH 1016 (e.g., in the same
slot #m+7 as the PDCCH 1014). After successfully receiving and decoding the PDSCH 1016, the
UE may transmit a HARQ-ACK over a PUCCH 1018 in the slot #k based on the ARI contained
in the third DCI message DCI 3, as shown in Fig. 10B.
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[00150] An illustrative example (denoted as Example 1-2) will now be provided, where the
scheduling offset value (e.g., KO value) for PDSCH reception may be selected based on the TCI
state and the timer for antenna panel status.

[00151] In Example 1-2, the UE may be further configured with a timer for antenna panel status
in addition to the multiple sets of parameters configured in action 702 of Fig. 7. For example, the
configuration of the timer for antenna panel status may be, but not limited to, the configuration
602 in Fig. 6. In some implementations of the present disclosure, the numerology of the timer for
antenna panel status may be determined based on the scheduling PDSCH of the active DL BWP.

[00152]  Figs. 11A and 11B are schematic diagrams illustrating timelines of the antenna panel
status of a wireless communication device (e.g., a UE), in accordance with example
implementations of the present disclosure. It should be noted that the timeline of Fig. 11B is
continued from that of Fig. 11A. In this example, the total number of turned-on/active antenna
panels at the UE is N1 when the power saving mode is enabled and is N2 when the power saving
mode is disabled, where N1 is less than N2. For example, N1 may be “1” and N2 may be the
number of the antenna panels the UE has.

[00153] As shown in Fig. 11A, the UE may receive and decode a first DCI message DCI 1
which is transmitted over a PDCCH 1102 in the slot #n. The first DCI message DCI_1 may indicate
to the UE to apply a particular TCI state (e.g., the TCI state #1 contained in the TCI state
configuration 802 in Fig. 8) for a scheduling PDSCH 1104. According to Fig. 8, because the TCI
state #1 includes a power saving mode IE which is configured with a “true” value, the UE may
follow the TCI state #1 to monitor the scheduling PDSCH 1004 in the power saving mode. As
noted above, because the UE has already in the power saving mode before receiving the first DCI
message DCI_1, the UE may refer to the KO configuration in Table 2 to apply a normal KO value
(e.g., O slot) contained in the row entry which is indexed by “1” and associated with the TCI state
#1. Once the normal KO value (e.g., O slot) is applied, the UE is expected to receive the PDSCH
1104 in the same slot as the PDCCH 1002, as shown in Fig. 11A.

[00154]  After successfully receiving and decoding the PDSCH 1104, the UE may transmit an
HARQ-ACK over a PUCCH 1106 in the slot #n+1 based on the ARI contained in the first DCI
message DCI_1. Then, the UE may further receive and decode a second DCI message DCI_2
which is transmitted over a PDCCH 1108 in the slot #m. In this example, the second DCI message
DCI_2 may indicate to the UE to apply the T'CI state #64 for a scheduling PDSCH 1110. According
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to Fig. 8, because the TCI state #64 includes a power saving mode IE which is configured with a
“false” value, the TCI state #64 may indicate to the UE to receive the scheduling PDSCH 1110 in
the normal power consumption mode, in which there are N2 antenna panels turned on by the UE.
As noted above, because the UE needs to turn on a number of antenna panels to enter the normal
power consumption mode, the UE may apply a long KO value for receiving the PDSCH 1110. For
example, the UE may refer to the KO configuration in Table 2 to apply a long KO value (e.g., 4
slots) contained in the row entry which is indexed by “15” and associated with the TCI state #64.
Once the long KO value (e.g., 4 slots) is applied, the UE will expect to receive the PDSCH 1110
in the slot m+4, which is the fourth slot after the slot #m, as shown in Fig. 11 A. In addition, the
timer for antenna panel status may start at the end of the slot #m+4.

[00155]  After successfully receiving and decoding the PDSCH 1110, the UE may transmit an
HARQ-ACK over a PUCCH 1112 in the slot #m+6 based on the ARI contain in the second DCI
message DCI_2, as shown in Fig. 11B.

[00156] Then, UE may successfully receive and decode a third DCI message DCI_3 which is
transmitted over a PDCCH 1114 in the slot #m+9. The third DCI message DCI_3 may indicate to
the UE to apply the TCI state #64 for a scheduling PDSCH 1116. Because the timer for antenna
panel status expires in the end of the slot #m+8, the UE has already switched to the power saving
mode when receiving the third DCI message DCI_3. In addition, according to Fig. 8, the TCI state
#64 may indicate to the UE to receive the PDSCH 1116 in the normal power consumption mode.
Because the UE needs to turn on at least N2-N1 antenna panels to switch from the power saving
mode to the normal power consumption mode, the UE may apply a long KO value (e.g., 4 slots)
based on the KO configuration (e.g., the KO configuration shown in Table 2), and receive the
PDSCH 1116 in the slot m+13 which is the fourth slot after the slot #m+9. After successfully
receiving and decoding the PDSCH 1116, the UE may transmit an HARQ-ACK in the slot #k
based on the ARI in the scheduling DCI (e.g., the third DCI message DCI_3), as shown in Fig.
11B.

[00157] An illustrative example (denoted as Example 2-1) will now be provided, where an
RRC-configured offset value for receiving an aperiodic CSI RS may be selected based on a CSI
request from the BS.

[00158] Fig. 12 is a flowchart for a method of selecting an offset value (e.g. a KO value) for

receiving an aperiodic CSI-RS, in accordance with example implementations of the present
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disclosure.

[00159] In action 1202, the UE may be configured with multiple sets of parameters
corresponding to different operation modes (e.g., the power saving mode and the normal power
consumption mode). For example, two different leading times may be predefined in the 3GPP
technical specifications for the UE. One may be a shorter leading (e.g., 10 microseconds) to be
used in the case that the UE does not need to further turn on an antenna panel, and the other one
may be a longer leading time (e.g., 3 ms) to be used in the case that the UE needs to turn on one
or more antenna panels to change the operation mode. In addition, the UE may be configured with
a set of offset values (e.g., aperiodicTriggeringOffset) in an RRC configuration for receiving an
aperiodic CSI-RS, as shown in Fig. 13.

[00160] Fig. 13 is an example data structure indicating an aperiodic CSI RS reception
configuration, in accordance with example implementations of the present disclosure. As shown
in Fig. 13, in the aperiodic CSI RS reception configuration (e.g., NZP-CSI-ResourceSet) 1302, the
aperiodicTriggeringOffset may refer to a specific row entry (e.g., indexed by “10”) in the KO
configuration 1304, which is associated with a normal KO value of 2 slots and a long KO value of
6 slots. The UE may be further configured in the power saving mode based on an initial indicator
for antenna panel status (e.g., the indicator for antenna panel status 902 in Fig. 9). In addition, the
numerology applied in this example may be, but not limited to, 15 KHz.

[00161] Referring back to Fig. 12. In action 1204, the UE may receive a DCI message
containing a CSI request from BS. In action 1206, the UE may apply a KO value corresponding to
the antenna panel status indicated by the CSI request.

[00162] Fig. 14 is an example of a MAC-CE message, in accordance with example
implementations of the present disclosure. As shown in Fig. 14, a MAC-CE message 1402 includes
several reserved bits (which are denoted as “R” in Fig. 14), a cell ID, and a control bit (which is
denoted as “C” in Fig. 14). The cell ID may contain the serving cell ID (e.g., “00000” in this
example). The control bit “C” may be used for indicating to the UE to enable/disable the power
saving mode. For example, the UE may be indicated to enable the power saving mode when the
control bit is set to a first value (e.g., “1”), or indicated to disable the power saving mode when the
control bit is set to a second value (e.g., “0”’). As shown in Fig. 14, the MAC-CE message 1402 of
which the control bit is set to “0”” may be used for indicating to the UE to disable the power saving

mode (or to operate in the normal power consumption mode).

-34.

Ex.1002
APPLE INC. / Page 344 of 404



10

15

20

25

30

Attorney Docket No.: US77231

[00163] Fig. 15 is a schematic diagram illustrating that different triggering offset values (e.g.,
KO values) are applied for the changes in the antenna panel status of a wireless communication
device (e.g., a UE), in accordance with example implementations of the present disclosure. In this
example, the total number of turned-on/active antenna panels at the UE is N1 when the UE is in
the power saving mode and is N2 when the UE is the normal power consumption mode, where N1
is less than N2. For example, N1 may be “1”” and N2 may be the number of the antenna panels the
UE has.

[00164] As shown in Fig. 15, in the slot #n, the UE may receive a first DCI message DCI 1
which is transmitted over a PDCCH 1502, and obtain a MAC-CE message (e.g., the MAC-CE
message 1402 in Fig. 14) based on the first DCI message DCI_1. The MAC-CE message may
include an indicator for antenna panel status (e.g., the control bit of the MAC-CE message 1402
in Fig. 14) used for indicating the UE to operate in the normal power consumption mode (or disable
the power saving mode). Then, the UE may monitor a scheduling PDSCH 1504 based on the first
DCI message DCI_1 and transmit a HARQ-ACK over a PUCCH 1508 for the MAC-CE message
in the slot #n+5.

[00165] In this example, the UE may receive a second DCI message DCI_2 which is
transmitted over a PDCCH 1506 in the slot #n+1. The second DCI message DCI_2 may contain a
CSI request for triggering an aperiodic CSIreport. For example, the CSI request for triggering the
CSI-RS resource may be indicated by the BS, through the QCL information associated with the
CSI-RS resource, to be received by the multiple antenna panels at the UE. In some
implementations of the present disclosure, the UE may apply a normal triggering offset value when
the UE does not need to further turn on an antenna panel in response to the indicator for antenna
panel status obtained from the BS, and apply a long triggering offset value when the UE needs to
turn on at least one antenna panel in response to the indicator for antenna panel status received
from the BS. Thus, in this example, the UE may apply a long triggering offset value (e.g.,
aperiodicTriggeringOffset) for the CSI request to switch from the power saving mode to the
normal power consumption mode. As shown in Fig. 15, the BS may transmit the CSI-RS resource
in the slot n+7, which is the sixth time slot after the slot #n+1.

[00166] In addition, the UE may further receive a third DCI message DCI_3 which is
transmitted over a PDCCH 1510 in the slot #m. The third DCI message DCI_3 may contain a CSI

request for triggering an aperiodic CSIreport, and the CSI request may indicate the same aperiodic
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CSI-RS trigger state as indicated by the CSI request contained in the second DCI message DCI_2.
Since the CSI-RS resource (which is triggered by the CSI request contained in the third DCI
message DCI_3) is indicated to be received by the multiple antenna panels of the UE by the BS
(e.g., through the QCL information which is associated with the CSI-RS resource), the UE may
decide to apply a normal triggering offset value (e.g., aperiodicTriggeringOffset) of two slots for
this CSI request based on the current antenna panel status (e.g., with N2 antenna panels being
turned-on). Thus, as shown in Fig. 15, the UE may receive the corresponding aperiodic CSI-RS
resource from the BS in the slot #m+2, which is the first time slot after the slot #m-+1.

[00167]  An illustrative example (denoted as Example 2-2) will now be provided, where an
RRC-configured offset value for an aperiodic CSI RS reception may be selected based on a CSI
request from the BS and a timer for antenna panel status.

[00168] In Example 2-2, the UE may be further configured with a timer for antenna panel status
in addition to the multiple sets of parameters configured in action 1202 of Fig. 12. For example,
the configuration of the timer for antenna panel status may be, but not limited to, the configuration
602 in Fig. 6. In some implementations of the present disclosure, the numerology of the timer for
antenna panel status may be determined based on the scheduling PDSCH of the active DL BWP.
[00169] Figs. 16A and 16B are schematic diagrams illustrating that different triggering offset
values (e.g., KO values) are applied for the changes in the antenna panel status of a wireless
communication device (e.g., a UE), in accordance with example implementations of the present
disclosure. It should be noted that Fig. 16B is continued from the Fig. 16A. In this example, the
total number of turned-on/active antenna panels at the UE is N1 when the UE is in the power
saving mode and is N2 when the UE is the normal power consumption mode, where N1 is less
than N2. For example, N1 may be “1” and N2 may be the number of the antenna panels the UE
has.

[00170] As shown in Fig. 16A, in the slot #n, the UE may receive a first DCI message DCI_1
which is transmitted over a PDCCH 1602, and obtain a MAC-CE message (e.g., the MAC-CE
message 1402 in Fig .14) based on the first DCI message DCI_1. The MAC-CE message may
include an indicator for antenna panel status (e.g., the control bit of the MAC-CE message 1402
in Fig. 14) that may indicate to the UE to operate in the normal power consumption mode. The UE
may monitor a scheduling PDSCH 1604 based on the first DCI message DCI_1 and transmit an
HARQ-ACK over a PUCCH 1608 for the MAC-CE message in the slot #n+5.
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[00171] In addition, the UE may receive a second DCI message DCI_2 which is transmitted
over a PDCCH 1606 in the slot #n+1. The second DCI message DCI_2 may contain a CSIrequest
for triggering an aperiodic CSI report. For example, the CSI request for triggering the CSI-RS
resource may be indicated by the BS, through the QCL information associated with the CSI-RS
resource, to be received by the multiple antenna panels at the UE. As described above, the UE may
apply a long triggering offset value (e.g., aperiodicTriggeringOffset) for the CSI request because
the UE may need to turn on at least one antenna panel in response to the indicator for antenna
panel status obtained from the BS. As shown in Fig. 16A, the BS may transmit the CSI-RS resource
in the slot n+7, which is the sixth time slot after the slot #n+1. In this example, the timer for antenna
panel status may also start at the beginning of the slot n+7.

[00172]  Referring to Fig. 16B. The timer may then expire at the end of the slot n+10, and the
UE may switch from the normal power consumption mode to the power saving mode. In addition,
the UE may then receive a third DCI message DCI_3 which is transmitted over a PDCCH 1610 in
the slot #m, where m>n+10. The third DCI message DCI_3 may contain a CSI request for
triggering an aperiodic CSI report, and the CSI request may indicate the same aperiodic CSI-RS
trigger state as indicated by the second DCI message DCI 2. Since the CSI-RS resource triggered
by the CSIrequest is indicated by the BS, through the QCL information associated to the CSI-RS
resource, to be received by multiple antenna panels of the UE, the UE may decide to apply a long
triggering offset value (e.g., aperiodicTriggeringOffset) for this CSI request based on current
antenna panels status (e.g., with N1 antenna panels being turned-on). Thus, as shown in Fig. 16B,
the BS may transmit the aperiodic CSI-RS resource in the slot #m+5, which is the fifth time slot
after the slot #m.

[00173]  An illustrative example (denoted as Example 3-1) will now be provided, where a UE
may indicate its antenna panel status through at least one explicit bit in a CSI report.

[00174] Fig. 17 is a schematic diagram illustrating a timeline of the antenna panel status of a
wireless communication device (e.g., a UE), in accordance with example implementations of the
present disclosure. In this example, the total number of turned-on/active antenna panels at the UE
is N1 when the UE is in the power saving mode and is N2 when the UE is the normal power
consumption mode, where N1 is less than N2.

[00175] In this example, the UE may be configured with a periodic CSI report and the
periodicity for the CSI report may be 20 slots. In addition, the UE may be configured with a timer
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for antenna panel status. The configuration of the timer for antenna panel status may be, but not
limited to, the configuration 602 shown in Fig. 6. In some implementations of the present
disclosure, the numerology of the timer for antenna panel status may be determined based on the
scheduling PDSCH of active DL BWP.

[00176] Referring back to Fig. 17, the UE may use N1 antenna panel(s) to receive a CSI-RS
#1 for calculating a CSIreport which is to be transmitted over a PUCCH 1702 in the slot #n. Hence,
the bit field in the CSI report may be set to a first value (e.g., “1”’) to indicate that the UE is in the
power saving mode.

[00177] On the other hand, if the UE changes to use multiple antenna panels to receive the CSI-
RS #2 for calculating a CSI report which is to be transmitted over a PUCCH 1704 in the slot #n+20,
the bit field in this CSI report may be set to a second value (e.g., “0”’) to indicate that the UE is in
normal power consumption mode (e.g., by disabling the power saving mode).

[00178]  An illustrative example (denoted as Example 4-1) will now be provided, where the
antenna panel status may be switched based on a DRX operation.

[00179] Fig. 18 is a flowchart for a method for determining the antenna panel status of a
wireless communication device (e.g., a UE) based on a DRX operation, in accordance with
example implementations of the present disclosure. As shown in Fig. 18, in action 1802, the UE
may be configured with a DRX inactivity timer by the BS. In action 1804, the UE may switch the
antenna panel status based on the DRX inactivity timer.

[00180] In some implementations of the present disclosure, the DRX inactivity timer may be
used to define how long a UE should remain in the ON state after the reception of a PDCCH. For
example, while the DRX inactivity timer is running, the UE may remain in the ON state.

[00181] In Example 4-1, the UE may be configured with a DRX period and a timer for antenna
panel status. In addition, the BS may indicate to the UE to operate in the normal power
consumption mode, as shown in Fig. 19.

[00182] Fig. 19 is an example data structure indicating an RRC configuration for the UE, in
accordance with example implementations of the present disclosure. As shown in Fig. 19, an RRC
configuration 1902 may include a DRX configuration and an antenna panel status configuration.
The DRX configuration may be configured with a DRX inactivity timer for 2 ms and a DRX cycle
of 50 ms. The antenna panel status configuration may indicate that the power saving mode is to be

disabled (e.g., with a “false” value) and the length of the timer for the antenna panel status is four
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slots.

[00183] Fig. 20 is a schematic diagram illustrating a timeline of the antenna panel status of a
wireless communication device (e.g., a UE) and a timing diagram of a DRX cycle, in accordance
with example implementations of the present disclosure. In the present implementation, the timer
for antenna panel status may have the same operation as the DRX inactivity timer. In addition, the
total number of turned-on/active antenna panels at the UE is N1 when the UE is in the power
saving mode and is N2 when the UE is the normal power consumption mode, where N1 is less
than N2.

[00184] As shown in Fig. 20, the UE may receive a DCI message in the slot #n at which the
UE is in a DRX on-duration. In response to receiving the DCI message, the UE may start both the
DRX inactivity timer and the timer for antenna panel status, if the DCI message is used for
indicating to the UE to operate in the normal power consumption mode. Then, if the timer for
antenna panel status is going to stop/expire at the beginning of the slot #n+4 (e.g., according to the
RRC configuration 1902 in Fig. 19), the DRX inactivity timer may follow the timer for antenna
panel status to stop/expire at the same timing (e.g., at the beginning of the slot #n+4). Thus, the
UE may enter a DRX off-duration and operate in the power saving mode at the same time.
[00185]  An illustrative example (denoted as Example 4-2) will now be provided, where the
antenna panel status may be switched based on a DRX operation.

[00186] In Example 4-2, the UE may be configured with a DRX inactivity timer by the BS. In
addition, the UE may be indicated by the BS to operate in the normal power consumption mode
based on an RRC configuration, as shown in Fig. 21.

[00187] Fig. 21 is an example data structure indicating an RRC configuration for the UE, in
accordance with example implementations of the present disclosure. As shown in Fig. 21 an RRC
configuration 2102 may include a DRX configuration and an antenna panel status configuration.
The DRX configuration may be configured with a DRX inactivity timer for 2 ms and a DRX cycle
of 50 ms. Furthermore, the antenna panel status configuration may indicate that the power saving
mode is to be disabled (e.g., with a “False” value).

[00188]  Fig. 22 is a schematic diagram illustrating a timeline of the antenna panel status of a
wireless communication device (e.g., a UE) and a timing diagram of a DRX cycle, in accordance
with example implementations of the present disclosure. In the present implementation, the

antenna panel status of a UE may follow the DRX cycles. In addition, the total number of turned-
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on/active antenna panels at the UE is N1 when the UE is in the power saving mode, and is N2
when the UE is the normal power consumption mode, where N1 is less than N2.

[00189] As shown in Fig. 22, the UE may at first operate in the normal power consumption
mode based on the most recently received BS instruction (e.g., received through an RRC
configuration, a MAC-CE message or a DCI message). If the UE does not receive a PDCCH in
the DRX on-duration (at which the UE is in an active state), the UE may then switch to the power
saving mode after the UE enters the DRX off-duration (at which the UE is in an inactive/sleep
state).

[00190] Fig.23 is a flowchart for a method of operating multiple antenna panels, in accordance
with example implementations of the present disclosure.

[00191] In action 2302, a wireless communication device (e.g., a UE) may maintain a plurality
of leading time values, wherein the plurality of leading time values may indicate a plurality of
leading time durations.

[00192] In action 2304, the wireless communication device may receive an indicator for
antenna panel status information from a BS.

[00193] In action 2306, the wireless communication device may apply one of the plurality of
leading time values to switch an antenna panel status of the plurality of antenna panels based on
the received indicator for antenna panel status information.

[00194] Fig. 24 is a block diagram illustrating a node for wireless communication, in
accordance with various aspects of the present application. As shown in Fig. 24, a node 2400 may
include a transceiver 2420, a processor 2428, a memory 2434, one or more presentation
components 2438, and at least one antenna 2436. The node 2400 may also include an RF spectrum
band module, a BS communications module, a network communications module, and a system
communications management module, Input/Output (I/O) ports, /O components, and power
supply (not explicitly shown in Fig. 24). Each of these components may be in communication with
each other, directly or indirectly, over one or more buses 2440. In one implementation, the node
2400 may be a UE or a BS that performs various functions described herein, for example, with
reference to Figs. 1 through 23.

[00195] The transceiver 2420 having a transmitter 2422 (e.g., transmitting/transmission
circuitry) and a receiver 2424 (e.g., receiving/reception circuitry) may be configured to transmit

and/or receive time and/or frequency resource partitioning information. In some implementations,
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the transceiver 2420 may be configured to transmit in different types of subframes and slots
including, but not limited to, usable, non-usable and flexibly usable subframes and slot formats.
The transceiver 2420 may be configured to receive data and control channels.

[00196] The node 2400 may include a variety of computer-readable media. Computer-readable
media may be any available media that may be accessed by the node 2400 and include both volatile
and non-volatile media, removable and non-removable media. By way of example, and not
limitation, computer-readable media may comprise computer storage media and communication
media. Computer storage media includes both volatile and non-volatile, removable and non-
removable media implemented in any method or technology for storage of information such as
computer-readable instructions, data structures, program modules or other data.

[00197] Computer storage media includes RAM, ROM, EEPROM, flash memory or other
memory technology, CD-ROM, Digital Versatile Disks (DVD) or other optical disk storage,
magnetic cassettes, magnetic tape, magnetic disk storage or other magnetic storage devices.
Computer storage media does not comprise a propagated data signal. Communication media
typically embodies computer-readable instructions, data structures, program modules or other data
in a modulated data signal such as a carrier wave or other transport mechanism and includes any
information delivery media. The term “modulated data signal” means a signal that has one or more
of its characteristics set or changed in such a manner as to encode information in the signal. By
way of example, and not limitation, communication media includes wired media such as a wired
network or direct-wired connection, and wireless media such as acoustic, RF, infrared and other
wireless media. Combinations of any of the above should also be included within the scope of
computer-readable media.

[00198] The memory 2434 may include computer-storage media in the form of volatile and/or
non-volatile memory. The memory 2434 may be removable, non-removable, or a combination
thereof. Example memory includes solid-state memory, hard drives, optical-disc drives, and etc.
As illustrated in Fig. 24, The memory 2434 may store computer-readable, computer-executable
instructions 2432 (e.g., software codes) that are configured to, when executed, cause the processor
2428 to perform various functions described herein, for example, with reference to Figs. 1 through
23. Alternatively, the instructions 2432 may not be directly executable by the processor 2428 but
be configured to cause the node 2400 (e.g., when compiled and executed) to perform various

functions described herein.
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[00199] The processor 2428 (e.g., having processing circuitry) may include an intelligent
hardware device, e.g., a Central Processing Unit (CPU), a microcontroller, an ASIC, and etc. The
processor 2428 may include memory. The processor 2428 may process the data 2430 and the
instructions 2432 received from the memory 2434, and information through the transceiver 2420,
the base band communications module, and/or the network communications module. The
processor 2428 may also process information to be sent to the transceiver 2420 for transmission
through the antenna 2436, to the network communications module for transmission to a core
network.

[00200] One or more presentation components 2438 presents data indications to a person or
other device. Examples of presentation components 2438 may include a display device, speaker,
printing component, vibrating component, etc.

[00201] From the above description, it is manifested that various techniques may be used for
implementing the concepts described in the present application without departing from the scope
of those concepts. Moreover, while the concepts have been described with specific reference to
certain implementations, a person of ordinary skill in the art may recognize that changes may be
made in form and detail without departing from the scope of those concepts. As such, the described
implementations are to be considered in all respects as illustrative and not restrictive. It should
also be understood that the present application is not limited to the particular implementations
described above, but many rearrangements, modifications, and substitutions are possible without

departing from the scope of the present disclosure.
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CLAIMS
WHAT IS CLAIMED IS:

1. A wireless communication device comprising:

a plurality of antenna panels;
a processor coupled to the plurality of antenna panels and configured to:

maintain a plurality of leading time values, wherein the plurality of leading time
values indicates a plurality of leading time durations;

receive an indicator for antenna panel status information from a base station (BS);
and

apply one of the plurality of leading time values to switch an antenna panel status
of the plurality of antenna panels based on the indicator for antenna panel status

information.

2. The wireless communication device of claim 1, wherein the processor is further configured to:
receive a timer from the BS; and
switch the antenna panel status from a first antenna panel status to a second antenna panel

status after the timer expires.

3. The wireless communication device of claim 2, wherein the timer expires when one of
Discontinuous Reception (DRX) inactivity timer expires and the wireless communication device

enters one of a DRX off-period and a sleep mode.

4. The wireless communication device of claim 1, wherein the processor is further configured to:
receive a plurality of scheduling offset values from the BS, wherein each of the plurality
of scheduling offset values indicates a time duration counting from an end of a Physical Downlink
Control Channel (PDCCH) to a beginning of a Physical Downlink Shared Channel (PDSCH), and
the plurality of scheduling offset values comprises a first scheduling offset value and a second
scheduling offset value;
receive a first Downlink Control Information (DCI) message configured to set the antenna

panel status to a first antenna panel status;
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apply the first scheduling offset value, in response to receiving the first DCI message, to
receive first information on a Downlink (DL) channel scheduled by the first DCI message;

receive a second DCI message configured to switch the antenna panel status from the first
antenna panel status to a second antenna panel status, wherein the second DCI message comprises
the indicator for antenna panel status information; and

apply the second scheduling offset value, in response to receiving the second DCI message,

to receive second information on a second DL channel scheduled by the second DCI message.

5. The wireless communication device of claim 1, wherein the processor is further configured to:
transmit an antenna panel status report to inform the BS of a change of the antenna panel

status.

6. The wireless communication device of claim 5, wherein the antenna panel status report is

contained in one of a beam report and a Channel State Information (CSI) report.

7. The wireless communication device of claim 5, wherein the antenna panel status report
comprises a single-bit Information Element (IE), and the processor is further configured to:
set the single-bit IE to a first value to indicate that a power saving mode is enabled; and
set the single-bit IE to a second value to indicate that the power saving mode is disabled;
wherein a total number of turned-on antenna panels in the plurality of antenna panels when

the power saving mode is enabled is less than that when the power saving mode is disabled.

8. The wireless communication device of claim 5, wherein the antenna panel status report
comprises a multiple-bit IE, and the processor is further configured to:
set the multiple-bit IE to a particular value associated with a particular number of the

plurality of antenna panels being turned on.

9. The wireless communication device of claim 1, wherein the indicator for antenna panel status
information comprises a single-bit IE, and the processor is further configured to:
enable a power saving mode when the single-bit IE is set to a first value; and

disable the power saving mode when the single-bit IE is set to a second value;

44.
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wherein a total number of turned-on antenna panels in the plurality of antenna panels when

the power saving mode is enabled is less than that when the power saving mode is disabled.

10. The wireless communication device of claim 1, wherein the indicator for antenna panel status
information comprises a multiple-bit IE, and the processor is further configured to:
turn on a particular number of the plurality of antenna panels when the multiple-bit IE is

set to a particular value.

11. The wireless communication device of claim 1, wherein the indicator for antenna panel status
information is contained in a Transmission Configuration Indicator (T'CI) state ID indicated by the

BS.

12. The wireless communication device of claim 1, wherein the plurality of leading time values is

one of cell-specific values and cell group-specific values.

13. The wireless communication device of claim 1, wherein the processor is further configured to:
automatically switch the antenna panel status from one to one without further reception of

an indicator for antenna panel status information from the BS.

14. The wireless communication device of claim 1, wherein the processor is further configured to:

enable a power saving mode when the wireless communication device operates in a DRX
active time; and

disable the power saving mode when the wireless communication device operates in a DRX
inactive time;

wherein a total number of turned-on antenna panels in the plurality of antenna panels when

the power saving mode is enabled is less than that when the power saving mode is disabled.

15. The wireless communication device of claim 1, wherein the processor is further configured to:
enable a power saving mode based on whether the wireless communication device operates
in a particular Bandwidth Part (BWP);

wherein a total number of turned-on antenna panels in the plurality of antenna panels when
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the power saving mode is enabled is less than that when the power saving mode is disabled; and
wherein the particular BWP is one of a default BWP, an initial BWP, and a first active
BWP.

16. The wireless communication device of claim 1, wherein the processor is further configured to:
receive a scheduling offset value from the BS, wherein the scheduling offset value
comprises at least one of a KO parameter for a DL channel and a K2 parameter for an Uplink (UL)
channel; and
determine that the scheduling offset value is invalid, when the time duration indicated by
the scheduling offset value is less than the leading time duration indicated by the selected leading

time value.

17. A method for operating a plurality of antenna panels, the method comprising:

maintaining, by a wireless communication device, a plurality of leading time values,
wherein the plurality of leading time values indicates a plurality of leading time durations;

receiving, by the wireless communication device, an indicator for antenna panel status
information from a base station (BS); and

applying, by the wireless communication device, one of the plurality of leading time values
to switch an antenna panel status of the plurality of antenna panels based on the indicator for

antenna panel status information.

18. The method of claim 17, further comprising:
receiving, by the wireless communication device, a timer from the BS; and
switching, by the wireless communication device, the antenna panel status from a first

antenna panel status to a second antenna panel status after the timer expires.
19. The method of claim 18, wherein the timer expires when one of a Discontinuous Reception
(DRX) inactivity timer expires and the wireless communication device enters one of a DRX period

and a sleep mode.

20. The method of claim 17, further comprising:
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receiving, by the wireless communication device, a plurality of scheduling offset values
from the BS, wherein each of the plurality of scheduling offset values indicates a time duration
counting from an end of a Physical Downlink Control Channel (PDCCH) to a beginning of a
Physical Downlink Shared Channel (PDSCH), and the plurality of scheduling offset values
comprises a first scheduling offset value and a second scheduling offset value;

receiving, by the wireless communication device, a first Downlink Control Information
(DCI) message configured to set the antenna panel status to a first antenna panel status;

applying, by the wireless communication device, the first scheduling offset value, in
response to receiving the first DCI message, to receive first information on a Downlink (DL)
channel scheduled by the first DCI message;

receiving, by the wireless communication device, a second DCI message configured to
switch the antenna panel status from the first antenna panel status to a second antenna panel status,
wherein the second DCI message comprises the indicator for antenna panel status information; and

applying, by the wireless communication device, the second scheduling offset value, in
response to receiving the second DCI message, to receive second information on a second DL

channel scheduled by the second DCI message.

21. The method of claim 17, further comprising:
transmitting, by the wireless communication device, an antenna panel status report to

inform the BS of a change of the antenna panel status.

22. The method of claim 21, wherein the antenna panel status report is contained in one of a beam

report and a Channel State Information (CSI) report.

23. The method of claim 21, wherein the antenna panel status report comprises a single-bit
Information Element (IE), and the method further comprises:

setting, by the wireless communication device, the single-bit IE to a first value to indicate
that a power saving mode is enabled; and

setting, by the wireless communication device, the single-bit IE to a second value to
indicate that the power saving mode is disabled;

wherein a total number of turned-on antenna panels in the plurality of antenna panels when

A7

Ex.1002
APPLE INC. / Page 357 of 404



10

15

20

25

30

Attorney Docket No.: US77231

the power saving mode is enabled is less than that when the power saving mode is disabled.

24. The method of claim 21, wherein the antenna panel status report comprises a multiple-bit IE,
and the method further comprises:
setting, by the wireless communication device, the multiple-bit IE to a particular value

associated with a particular number of the plurality of antenna panels being turned on.

25. The method of claim 17, wherein the indicator for antenna panel status information comprises
a single-bit IE, and the method further comprises:

enabling, by the wireless communication device, a power saving mode when the single-bit
IE is set to a first value; and

disabling, by the wireless communication device, the power saving mode when the single-
bit IE is set to a second value;

wherein a total number of turned-on antenna panels in the plurality of antenna panels when

the power saving mode is enabled is less than that when the power saving mode is disabled.

26. The method of claim 17, wherein the indicator for antenna panel status information comprises
a multiple-bit IE, and the method further comprises:
turning on, by the wireless communication device, a particular number of the plurality of

antenna panels when the multiple-bit IE is set to a particular value.

27.The method of claim 17, wherein the indicator for antenna panel status information is contained

in a Transmission Configuration Indicator (TCI) state ID indicated by the BS.

28. The method of claim 17, wherein the plurality of leading time values is one of cell-specific

values and cell group-specific values.

29. The method of claim 17, further comprising:
switching, by the wireless communication device, the antenna panel status from a first
antenna panel status to a second antenna panel status in response to receiving the indicator for

antenna panel status information; and
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automatically switch, by the wireless communication device, the antenna panel status from
the second antenna panel status to a third antenna panel status without further reception of an

indicator for antenna panel status information from the BS.

30. The method of claim 17, further comprising:

enabling, by the wireless communication device, a power saving mode when the wireless
communication device operates in a DRX active time; and

disabling, by the wireless communication device, the power saving mode when the wireless
communication device operates in a DRX inactive time;

wherein a total number of turned-on antenna panels in the plurality of antenna panels when

the power saving mode is enabled is less than that when the power saving mode is disabled.

31. The method of claim 17, further comprising:

enabling, by the wireless communication device, a power saving mode based on whether
the wireless communication device operates in a particular Bandwidth Part (BWP);

wherein a total number of turned-on antenna panels in the plurality of antenna panels when
the power saving mode is enabled is less than that when the power saving mode is disabled; and

wherein the particular BWP is one of a default BWP, an initial BWP, and a first active
BWP.

32. The method of claim 17, further comprising:

receiving, by the wireless communication device, a scheduling offset value from the BS,
wherein the scheduling offset value comprises at least one of a KO parameter for a DL channel and
a K2 parameter for an Uplink (UL) channel; and

determining, by the wireless communication device, that the scheduling offset value is
invalid, when the time duration indicated by the scheduling offset value is less than the leading

time duration indicated by the selected leading time value.
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ABSTRACT

A method of wireless communication is provided. The method includes receiving, by a user
equipment (UE), a minimum required received level factor in a System Information Block 1
(SIB1) from a base station (BS), determining, by the UE, whether a first Supplementary Uplink
(SUL) related factor is present in the SIB1, obtaining, by the UE, a first minimum required
received level based on the minimum required received level factor, when the first SUL related
factor is not present in the SIB1, determining, by the UE, a first cell selection criterion based on
the first minimum required received level, and performing, by the UE, cell selection based on the

first cell selection criterion.
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Attorney Docket No.: US77231

PTO/AIA/O1 (06-12)
Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of METHODS AND APPARATUSES FOR OPERATING MULTIPLE ANTENNA PANELS
Invention

As the below named inventor, | hereby declare that:

This declaration I
is directed to- Ii‘ The attached application, or

I:‘ United States application or PCT international application number

filed on

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: YU-HSIN CHENG Date (Optional) :
Signature: \<§\§ ‘i“\""t‘} 5% { x\f\ {f‘t’{‘\_;{;\

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have
been previously filed. Use an additional PTO/AIA/01 form for each additional inventor.

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file (and
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO

THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.

Page 1 of 3
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PTO/AIA/O1 (06-12)
Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of METHODS AND APPARATUSES FOR OPERATING MULTIPLE ANTENNA PANELS
Invention

As the below named inventor, | hereby declare that:

This declaration I
is directed to- Ii‘ The attached application, or

I:‘ United States application or PCT international application number

filed on

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: HUNG-CHEN CHEN Date (Optional) :
. . 73 ;

Signature: bt peam o ﬁgn T -*9
M I T T L™ WA

Note: An application data sheet(PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have
been previously filed. Use an additional PTO/AIA/01 form for each additional inventor.

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file (and
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO

THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/AIA/O1 (06-12)
Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of METHODS AND APPARATUSES FOR OPERATING MULTIPLE ANTENNA PANELS
Invention

As the below named inventor, | hereby declare that:

This declaration I
is directed to- Ii‘ The attached application, or

I:‘ United States application or PCT international application number

filed on

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: CHIE'M,L‘,\IGfCHOU , Date (Optional) :
U ; -
L {77 & R
Signature: {/ A JL/’\;(:"» { ]‘ 3 23y

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have
been previously filed. Use an additional PTO/AIA/01 form for each additional inventor.

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file (and
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO

THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/AIA/14 (11-15)
Approved for use through 04/30/2017. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number | US77231

Application Number

Title of Invention | METHODS AND APPARATUSES FOR OPERATING MULTIPLE ANTENNA PANELS

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the

document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

[ Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.}

Inventor Information:

Inventor |1

Remove

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

‘ ] fru-nsiN ‘ EHENG ‘ E

Residence Information (Select One) US Residency ® Non US Residency Active US Military Service

City |Hsinchu | country of Residence | W |
Mailing Address of Inventor:

Address 1 bF-1, NO. 5, HSIN-AN RD.

Address 2 HSINCHU SCIENCE-BASED INDUSTRIAL PARK

City | fisinchu | state/Province | |

Postal Code | POO | Countryi | ’TW

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

‘ [-] |HuNG-cHEN ‘

FHEN

t

Residence Information (Select One) US Residency (8 Non US Residency

Active US Military Service

City |Hsinchu || country of Residence i

v

Mailing Address of Inventor:

Address 1 F.,No.87, Ln. 28, Sec. 1, Tiedao Rd., East Dist.

Address 2

City | '—Isinchu I State/Province | |
Postal Code | F’»OO | Countryi | ’TW

Inventor B

Remove

Legal Name

EFS Web 2212
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Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | US77231

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | METHODS AND APPARATUSES FOR OPERATING MULTIPLE ANTENNA PANELS

Prefix| Given Name Middle Name Family Name Suffix

| ] prEming | [cHou e
Residence Information (Select One) US Residency (8 Non US Residency Active US Military Service

City |Hsinchu || Country of Residence i fw |

Mailing Address of Inventor:

Address 1 bF-1, NO. 5, HSIN-AN RD.

Address 2 HSINCHU SCIENCE-BASED INDUSTRIAL PARK, TAIWAN

City | '—Isinchu I State/Province | |
Postal Code | }300 | Countryi | hw

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number b4000

Email Address eoa-proce@scienbizip.com | Add Email | [Remove Email]
Email Address eoa-chd@scienbizip.com | Add Email | [Remove Email|
Email Address eoa-proce@scienbizippc.com

Application Information:

Title of the Invention ETHODS AND APPARATUSES FOR OPERATING MULTIPLE ANTENNA PANELS

Attorney Docket Number| US77231 Small Entity Status Claimed [ ]

Application Type Nonprovisional -
Subject Matter  tility -
Total Number of Drawing Sheets (if any) 27 Suggested Figure for Publication (if any) | P3

EFS Web 2.2.12
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Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

L Attorney Docket Number | US77231
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | METHODS AND APPARATUSES FOR OPERATING MULTIPLE ANTENNA PANELS

Filing By Reference:

Only complete this section when filing an application by reference under 35 US.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previously Filing date {YYYY-MM-DD) Intellectual Property Authority or Country N
filed application

Publication Information:

[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of atiorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: ® Customer Number US Patent Practitioner (O Limited Recognition (37 CFR 11.9)
Customer Number BA000

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | Pending - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Claims benefit of provisional -] 62/699465 R018-07-17

Additional Domestic Benefit/National Stage Data may be generated within this form

by selecting the Add button. Add

EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

L Attorney Docket Number | US77231
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | METHODS AND APPARATUSES FOR OPERATING MULTIPLE ANTENNA PANELS

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.5.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i){(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | US77231

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | METHODS AND APPARATUSES FOR OPERATING MULTIPLE ANTENNA PANELS

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly sighed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPQO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 helow, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authoerization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPQO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIP0O), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related biblicgraphic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

().

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2_ Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s}

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authocrize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.

EFS Web 2.2.12
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | US77231

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | METHODS AND APPARATUSES FOR OPERATING MULTIPLE ANTENNA PANELS

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant }

If the applicant is the inventor (or the remaining jeint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

® Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

R

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name

FG Innovation Company Limited

Mailing Address Information For Applicant:

Address 1 Flat 2623, 26/F Tuen Mun Central Square

Address 2 P2 Hoi Wing Road, Tuen Mun, New Territories

City uen Mun State/Province
Country ‘ HK Postal Code
Phone Number Fax Number
Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.

EFS Web 2.2.12
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Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | US77231

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | METHODS AND APPARATUSES FOR OPERATING MULTIPLE ANTENNA PANELS

Assignee (1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. []
Prefix Given Name Middle Name Family Name Suffix

] | i

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City I State/Province
Countryi I Postal Code
Phone Number | Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature [jAlvin Koan/ Date (YYYY-MM-DD)| [2019-07-15
First Name )AIvin Last Name | }(oan Registration Number 8468
Additional Signature may be generated within this form by selecting the Add button.
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

L Attorney Docket Number | US77231
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | METHODS AND APPARATUSES FOR OPERATING MULTIPLE ANTENNA PANELS

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

EFS Web 2.2.12
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.5. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1 The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy
Act (5 U.SC. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3 Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record.

4,  Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.5.C.
552a{m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intellectual Property Organizaticn, pursuant to the Patent CooperationTreaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.5.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 1.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of
records for this purpose, and any other relevant {i.e., GS5A or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8.  Arecord from this systemn of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C.
122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the pubilic if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential viclation of law or regulation.
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention: METHODS AND APPARATUSES FOR OPERATING MULTIPLE ANTENNA PANELS
First Named Inventor/Applicant Name: YU-HSIN CHENG

Filer: Alvin Sean Koan

Attorney Docket Number: US77231

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Suz—;l'g(t;)l in
Basic Filing:
UTILITY APPLICATION FILING 1011 1 300 300
UTILITY SEARCH FEE 1111 1 660 660
UTILITY EXAMINATION FEE 1311 1 760 760
Pages:
Claims:
CLAIMS IN EXCESS OF 20 1202 12 100 1200
Miscellaneous-Filing:
Petition:
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Sub-Total in

Description Fee Code Quantity Amount USD($)
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 2920
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Electronic Acknowledgement Receipt

EFS ID: 36579967
Application Number: 16511170
International Application Number:
Confirmation Number: 5548

Title of Invention:

METHODS AND APPARATUSES FOR OPERATING MULTIPLE ANTENNA PANELS

First Named Inventor/Applicant Name:

YU-HSIN CHENG

Customer Number:

54000

Filer:

Alvin Sean Koan

Filer Authorized By:

Attorney Docket Number: US77231
Receipt Date: 15-JUL-2019
Filing Date:
Time Stamp: 12:12:23

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $2920

RAM confirmation Number

071519INTEFSW00011459505142

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document s . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (if appl.)
1138475
1 Power of Attorney US77231190715POA.pdf no 2
2713b82d3613b617c5d209ab63cd3d2c 19|
e382ee
Warnings:
Information:
341630
2 Specification US77231190715_Spec.pdf no 42
b89d6aa2ae6a4174dbad71e8256347d381
3d4277
Warnings:
Information:
51344
3 Claims US77231190715_Clms.pdf no 7
3f1454602fa01ff1efébéfcfffcnSeleef0d9c3)
6
Warnings:
Information:
12896
4 Abstract US77231190715_Abst.pdf no 1
9b1fdoS55ad37a012fbbade7f87dbf57d7147]
S57ca
Warnings:
Information:
222183
5 Drawings-only bIaFk and white line US77231190715_draw.pdf no 27
drawings
81715665cch25b69418361230d33e342299
819
Warnings:
Information:
346730
6 QOath or Declaration filed US77231190715DEC.pdf no 3
6ccf716fe700632cbc44f9b5b04cb362c123|
767
Warnings:
Information:
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1792864

7 Application Data Sheet US77231__ADS.pdf no 9
dedOad4ea32b54660d5de5fa20e91f33830)
Warnings:
Information:
36111
8 Fee Worksheet (SB06) fee-info.pdf no 2
125802974391c13540d0bf490e87365ed 15|
bOaad
Warnings:
Information:
Total Files Size (in bytes)1 3942233

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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