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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 ofthe 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 QCT,
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 TC] state configuration, the target DMRS maybe
spatially quasi co-located with the reference RS from a TRP.
The DMRSports 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 mayuseit 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 fromdifferent
TRPs, and a high correlation may meanthat the reference
RSresources may come from the same TRP.

FIG.6 is a block diagram illustrating a node for wireless
communication, in accordance with various aspects ofthe
present disclosure. As shown in FIG. 6, a node 600 may
include a transceiver 620, a processor 628, a memory634,
one or more presentation components 638, and at least one
antenna 636. The node 600 mayalso include an RF spectrum
band module, a BS communications module, a network
communications module, and a system communications
management module, Input/Output (1/O) ports, I/O compo-
nents, and power supply (not explicitly shown in FIG. 6).
Eachof 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 UEor
a BSthat 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) maybe 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 dala and control
channels.

 

 
  
 

 
 

 

The node 600 mayinclude a variety ofcomputer-readable 5
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 modulesor 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 casscttes, magnetic tape, magnetic disk
storage or other magnetic storage devices. Computerstorage
media does nol 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. ‘lhe term “modulated data signal” meansa signal that
has one or more ofits characteristics sct or changed in such
a manner as to encode informationin 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 anyof 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-dise 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 performvarious functions described herein,
for example, with reference to FIGS. 1 through 5. Alterna-
tively, the instructions 632 maynotbe 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.

Fromthe 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 manyrear-
rangements, modifications, and substitutions are possible
without departing from the scope of the present disclosure.

Whatis 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:

reecive, in a Physical Download Control Channel
(PDCCRH), Transmission Configuration Indicator (TCI)
state data for determiningaplurality of Physical Down-
link Shared Channels (PDSCHs), the TCI state data

 

 

 

Ex.1002

APPLEINC./ Page 3 of 349



Ex.1002 
APPLE INC. / Page 4 of 349

Cramer DSO Dioumennt d6 4BileCAGEPAARabaEOSOnTLRS Paget ahPS

US 11,115,165 B2
13

being associated with a plurality of Demodulation
Reference Signal (DMRS) port groups: and

obtain a plurality of Quasi Co-Location (QCL) assump-
tions for recerving the plurality of PDSCHsbased on
the plurality of DMRSport groups associated with the
TCI state data, wherein:

each ofthe plurality of QCL assumptions correspondsto
one ofthe plurality of DMRSport groups,

the TCIstate data corresponds to a TCI state configuration
that includes a plurality of QCL Reference Signal (RS)
sets, and

each of the plurality of QCL RSsets corresponds to one
of the plurality of DMRSport 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 Poimts (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 UEofclaim 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
whena 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 DMRSport groups is associated with the plural-
ity of PDSCHs.

6. The UE of claim 1, wherein each of the plurality of
QCL assumptions includes at least one of a time-domain
QCT, parameter, a frequency-domain QCT,. parameter, and a
spatial-domain QCL parameter.
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7. Amethod 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 determiningaplurality 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 DMRSport groups associaled
with the TCI state data, wherein:

each ofthe plurality of QCL assumptions corresponds to
one of the plurality of DMRSport groups,

the TCTstate data corresponds to a TCI state configuration
that includes a plurality of QCL Reference Signal (RS)
sets, and

each of the plurality of QCL RSsets corresponds to one
of the plurality of DMRSport 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 ofclaim 7, further comprising:
receiving the plurality of DMRSport groups via Radio

Resource Control (RRC) signaling, wherein the plural-
ity of DMRSport groupsis associated with the plural-
ity of PDSCHs.

12. The method of claim 7, wherein each ofthe plurality
of QCL assumptions includes at least onc of a time-domain
QCL parameter, a frequency-domain QCL parameter, and a
spalial-domain QCL parameter.
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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.16.7, infringe at least
claim of the ’238 patent as set forth below, which Plaintiff provides without the benefit of information about the Accused Products
obtainedthroughdiscovery.

  
Element a

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

Elementb   
TS 38.331 V15.15.0 (2021-09)

Section 5.22.22SIchange indication and PWSnotification
vasetl, Le, updated SI (other than ‘or ETWS and CMAS)|18ntsin the modification period following the one wweSf change indicationis wansme, The modification period boundaries are ified by SEN values forwhichSEN mod m= 0, where m is th number of radio frames comprisingthe

moitfication period, The modification period 1s configured by system information.
The UE receives indications about $! modifivateions and/or PWSnotifications using
Short Messagetr: everCT (gee clause 6.5). Repetttions of SI

changeaitmy occu within recemodificationpe
aioe the3]TI

 

 

 
 

 
weatigel ait UEAET YEae MH YeaREGS MAE SSADUE 

Ifthe UE 1 Short Messag
1> if the UE is ETWScapable or CMAScapable, the etwsAndCmasIndication bit

of Short Message1s set, and the UE is provided with
searchSpaceOtherSystem{nformationon the active BWP or the initial BWP:
2> immediately re-acquire the S7BJ:
2> if the UE is ETWScapable and si-Schedulinglnfo includes scheduling

information for S/B6:

3> acquire S/6, as specified in sub-clause 5.2.2.3.2, 
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   immediately;
2>if the UE 1s ETWS capable and si-Schedulinglnfo includes scheduling information
for SIB7:

3> acquire SYB7, as specified in sub-clause 5.2.2.3.2,
immediately;

2> if the UE is CMAScapable and si-Scheduling!nfo includes scheduling
information for S7BS:

3> acquire SYS, as specified in sub-clause $.2.2.3.2,
immediately;

NOTE: In case S1B6, S/B7, or SYB8 overlap with a measurement gap it 1s left to
UE implementation how to immediately acquire S/B6, SIB7, or SIBS.

> ifthe system?afaModificarian bitof Short Messageis set
2>apply the SI acquisition procedure as defined in sub-clause 5.2.2.3 from the start of
the next modification period.

TS 38.331 (V15.15.0)
in response to receiving the SIchange|Section 5.2.2.3
indication, switching from the currently 5.2.2.3. Acquisition ofMIB and SIB/
active BWP to an initial active BWP for|The UE shall:

poate,

Element ¢ 
 

   1> applythe specified BCCH configuration defined in 9.1.1.1;
}> ifthe UE is in RRC_IDLE or in RRC_INACTIVE;or
1> if the UE is in RRC_CONNECTED while 1311 1s running:

2> acquire the MIB, which is scheduledas specified in TS 38.213
[13]; 2> if the UE 1s unable to acquire the MIB:

3> perform the actionsas specified in clause 5.2.2.5;
2> else:

3> perform the actionsspecified in clause 5.2.2.4.1.
[> if the UE is in RRC_CONNECTEDwith an active BWP with common search space
configured by searchSpaceS/B! and pagingSearchSpace and has received an indication
about changeof system information; or

I> ifthe UE is in RRCIDLE or in RRCINACTIVE; or
I> tf the UE 1s in RRC_CONNECTEDwhile 1311 is running:

2> if ssh-SubcarrierOffset indicates SYB/ 1s transmuted tnthe cell (TS 38.213
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[13]) and if SYB/ acquisition is requiredforthe UE:
3> acquire the S/B/, which ts scheduled as specified in TS 38,213
[13]; 3> if the UE 1s unable to acquire the S/B/:

4> perform the actions as specified in clause 5.2.2.5:
> else:

4> ypon acquiring SYB/, perform the actions specified in clause 5.2.2.4.2.
2>else if SYB/ acquisition 1s required for the UE and ssb-SubcarrierOffset

indicates that SYB/ 1s not scheduled in the cell:

3> perform the actions as specified in clause 5.2.2.5.
NOTE: The UEin RRCCONNECTED is only required to acquire broadcasted

SIB] ifthe UE can acquire it without disrupting unicast data reception,
i.e. the broadcast and unicast beams are quasi co-located.

Section 5,2.2.4,2 Actions upon reception of the SIBJ
Upon recetving the S/B/ 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-Schedulinglnfo,
contain at least one required SIB and for which si-BroadcastStatus
1s set to broadcasting:

6> acquire the SI message(s) as defined in sub-clause 5.2.2.3.2;
- PDCCH-ConfigCommon

The IE PDCCH-ConfigCommon1s used to configure cell specific PDCCH parameters
provided in SIB as well as in dedicated signalling

PDCCH-ConfigCommon information elementyey
 

 
 PDCCH-Con ; E

controlResourceSetZero ControlResourceSetZero
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exindco

FRONAL, » Cos WEARsonnonSearSpcli SEQUENCE(MZE(L.4)) OFSearchSpace
TIONAL,«~Need 8INSMy SSAADN

searchSpaceSB |
yyy fONA
eye any AY ae
ASP GAS Ak, Neat §a

  
 
OPT ~» Need §

“per SearchSpaceld
Ay x Nay_

ee SearchSpaceldTON , ~ Negee g

[
firstPDCCH-MonttoringOccasionOfPO CHOICE{

sCS1SKHZoneT  
(SIZE(LmaxPO-perPF)) 88 INTEGER (0.

sCS30KHZoneT-SCSIISKHZhal
AC (MAE(L.maxPO-perPF)) OF INTEGE

SCSOOKHZone.SCS30KHZhalfT-eeare
CE (SEE (LmaxPO-perPF)) OF INTEGER(0..559),

sC$120KHZoneT-SCS60KHZhalfT-$CS3OKHZeuare:
Sennen

CE(ME(LmaxPO-perPF)) GF INTEGER (0.1119),8\20KHZhalfT-SCSSKHZqatSCSHOKHZoneEah:
SCSISKHZoneSixteenthT SEQUENCE (StAE(LmaxPO-perPF)) OF {
(0..2239),

 

  

  

  

  

SGI2OKHZquarterT-“SCSOOKHZoneEighih SCSS0KHZoneSistenthT
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sC$120KHZoneEighthT-SCS60KHZoneSixteenthT

OE(MEE(1..maxPO-perPF)) OF INTEGER(0.8959), Ni 

  

 

A

sCS$120KHZoneSixteenthT

SEQUENCE(SIZE(LmaxPO-perPF)) OY IN
}

OPTENA SAI y

ll

  
searchSpaceSTBI

ID of the search space for SYB/ message. In the imtial DL BWPof the UE's PCell, the
networksets this field to 0. If the field is absent, the UE does notreceive S/B/ in this
BWP. (see TS 38.213 [13], clause 10)    

Ele

COESIRMS))
via the initial active BWP during a next
modification period that immediately
follows the SNARES wherein
the RMSIincludes information

associated with changed system
ANY

PARAS:

 

    

 

  TS 38.331 (V15.15.0)
Section 5,2.2.2.2 SI change indication and PWSnotification .

1s transmitted. The modification period boundanesare defined by SEN valuesfor
which SEN mod m = 0, where m 1s th number of radio frames comprising the
modification period. The modification period 1s configured by system information.
The UE receives indications about SI modifications and/or PWSnotificationsusing
Short Message transmitted with P-RNTI over DCT (see clause 6.5). Repetitionsof 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 tn 9.1.1.1;
}> ifthe UE is in RRCIDLE or in RRCINACTIVE;or
1> if the UE 1s in RRC CONNECTEDwhile 1311 is running: 
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2> acquire the MIB, which 1s scheduled as specified in TS 38,213
[13]; 2> if the UE 1s unable to acquire the MIB;

3> perform theactionsas specified in clause 5.2.2.5;
2else:

3> perform the actions specified in clause $.2.2.41.
I> ifthe UE is in RRCCONNECTEDwith an active BWP with common search

space configured by searchSpaceSIB! and pagingSearchSpace and has received
an indication about changeof system information;or

}> ifthe UE is in RRC_IDLE or in RRC_INACTIVE; or
1> ifthe UE is in RRCCONNECTED while T311 1s running:

2> if ssh-SubcarrierO#fset indicates S1B/ 1s transmitted 1n the cell (TS 38.213

[13]) and ifSBI_iquiston 1s requiredfor the UE:3>AI] which is scheduled as specifiedin TS 38.213
(1 i}3> if the UE 1s unable to acquire the SYBI:

A> perform the actions as specified in clause 5.2.2.5:
> else:

4> upon acquiring SYB/, perform the actions specified in clause 5.2.2.4.2.
2>else if SYB/ acquisition 1s required for the UE and ssh-SubcarrierOffset

indicates that SIB/ 1s not scheduled in the cell:

3> perform the actions as specified in clause 5.2.2.5,
NOTE; The UE in RRCCONNECTEDis only required to acquire broadcasted

SIB/ if the UE can acquire it without disrupting unicast data reception,
i.e. the broadcast and untcast beams are quasi co-located.

 

Section 5,2.2.4.2 Actions upon reception of the SYBI
Uponreceiving the S7B/ 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-cause§522.1:5> for the SI message(s) that, accordingto the\WYNQR\
contain at least one required SIB and for which si-BroadcastStatus
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1s 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 ts allowedto access a
cell and defines the scheduling of other system information. It also contains radio
resource configuration information that 1s commonforall UEs and barring
information appliedto the unified access control.

Signalling radio bearer: N/A
RLC-SAP: TM

Logical channels: BCCH
Direction: Network to UE

 

 
SIBI:==AEC

cellSelectionInfo

q-RxLevMin

weBleilnOe

 

    
iytyMe‘ONAL 3

» calAccesReltedlnty CellAccessRelatedInfo,
conEstFailureControl ConnEstFailureControl
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 "alsSgt

YPTIONAL, x

ints UE-TimersAndConstants
 y

ue-4

  

 uac-Barringlnfo \

otdameoceame UAC:Brig
 

acDaigheLAN-List uaeBarngPePLAN-List
  

uacacBangle UACBaringlfaSetList uac-
AccessCategory1-SelectionAssistancelnfo CHOICE{

 pn,

 

plmaCommon UAC-AccessCategory1-
SelectionAssistancelnfo,

individualPLMNList SEQUENCE(MIZE(2..maxPLMN))
CF UAC-AccessCategory | -SelectionAssistancelnfo

 
   

 lateNonCriticalExtension
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com6neinN

AWNACooAAR
Si-Schedulinglnfo information element

 
ZZ

 
SI-SchedulingInfo ::=

schedulinglnfoList
Schedulinglnfo,

si-WindowLength
5320, s640, $1280},

ae SI-RequestContfig

 | ..maxSI-Message)) OF

 EL} {s5, $10, $20, 540, s80, s160,

 SI-RequestConfig
ATTA AT we 5»pTONAL wf eeGULMAG.Phaady NOAA Mt

 

SchedulingInfo :'=
si-BroadcastStatus

notBroadcasting},
si-Periodicity

rf256, rf512},
sib-Mappinglnfo SIB-Mapping

es

 °D(broadcasting,

 ERATED(118, 116,132, 64,1128,
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SIB-Mapping::
SIB-Typelnfo =

type -{} {sibType2,stbType3, sibTyped,
sibType5, sibType6, sibType7, sbType sibType,

spare8, spare7, spare6, spares,

:(L..maxSIB)) (¥ SIB-Typelnfo 
~~

spared, spare3, spare2, sparel.,... }

vo iN 
 
 

 
 

¢LRequestConfig=
rach-Occasions$1

rach-ConfigSI
ssb-perRACH-Occaston

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

 
SI-RequsPeriod ENUMERATED{one, two, four, six, eight,

ten, twelve, sixteen}=QE TIQNAL A
si-RequestResources

RequestResources
}
SI-RequestResources :=

ta-PreambleStartIndex

ter-AssocttonPeriodindx

©(L..maxS]-Message)) OFSI-
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Element e TS 38,331 (V15.15,0) 

 

 
   

  
 

   

i changed SIBsis|Section 5,2.2.4.2 Actions upon reception of the SYBI
required to be updatedforthe UE Upon receiving the S7B/the UE shall:NY x

OCIAEVR 

 
 

5 

      

 

| ARN
SUNS & ORAS VAAN

: \

5> for the SI message(s) that, according to the si-Schedulinglnfo,
contain at least one required SIB and for which si-BroadcastStatus
1s set to broadcasting:
6> acquire the SI message(s) as defined in sub-clause 5.2.2.3.2;

 

Yt A

The UE shall apply the SI acquisition procedureas defined in clause 5.2.2.3 upon cell
selection(e.g. upon poweron), cell-reselection, return from out of coverage, after
reconfiguration with sync completion, after entering the network from another RAT, 

 
  

PWS notification; an
The UE shall:

I> delete any stored version of a SIB after 3 hours from the momentit was
successfully confirmed as valid:

I> for each stored version of a SIB:
BANis associated and its value forthe stored version ofthe SIB is

YVRfor that SIB from the 
serving cell:

3>if the first PEMN-Identity includedin the PLMN-IdentitylnfoList, the
systemliformationdrealD and the RAN that are included in the si-
Schedulinglnjo for the SIB received from the serving cell are identical to
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the PEMN-Identity, the systemlnformationArealD and the valueTag
associated

with the stored version of that SIB:

4>a. the stored SIB asvalid for the cell: 
cell:

and

 RANGEthat are included in the si-Scheduling/nfo for the SIB receivedfrom
the serving cell are identical to the PLMN-Identity, the cellldentity and the
value Tag associated with the stored version of that STB:
4> consider the stored SIB as valid forthe cell;

ST-SchedulingInfo
The IE S/-Schedulinglnfo contains information needed for acquisition of SI messages.

Si-SchedulingInfo information element
  
 
 
 

 ACAEST!

oScheduling=
schedulinglnfoList

Schedulinglnfo,
si-WindowLength

$320, 9640, 31280},

SI-ae SI-RequestConfig

MAE(1..maxSI-Message}) OF

 ERATED{85, 10, 520, 40, 980, 8160,

 SI-RequestConfig

 
co

ceiced YY STRING(ME(24)

   
OPTONAL, « Nesd 8

a
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Schedulinglnfo ::

 

si-BroadcastStatus "0{broadcasting,
notBroadcasting},

si-Periodicity 3 (rf8, rf16, 1f32, rf64, rf128
1256, rf512},

sib-MappingInfo

SIB-Mapping:= iE(L.maxSIB)) OFSIB-Typelnfo
SIB-Typelnfo :=

type MED(sibType2, sibType3, sibTyped,sibType5, sibType6, sibType7, sbType,sbTyped
spare8, spare7, spared, spares,

spared, spare, spare2, sparel,.. Jy

 
 SI-RequestConfig :'=

rach-OccasionsSI SEQUENCE{

rach-ContigS! RACH-ContigGenenc,
ssb-perRACH-Occasion RATED{oneEighth, oneFourth, 

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

 
si-ReqestPeiod 
 

TED {onte, two, four, six, eight,
ten, twelve, sixteen}

si-RequestResources #5,(L.maxSl-Message)) OFSI-
RequestResources

S]-RequestResources ::=
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ra-PreambleStartIndex .

ra-AssociationPeriodIndex.=INTEGER(0..15)
OPT Ay Nigayt YD
SURRY ENA ESS
UY RAIN AL ASO

ra-ssb-OccasionMaskIndex=NTE:yy yyy
he ; Naat ¥
x AL owe NEE A,

 oN
3

   
  wa hy

Element f TS 38.331 (V15.15.0)

 

Section 5.2.2.4.2 Actions upon reception of the SYBY
Upon recetving the S/B/ 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-Schedulinglnjo,
contain at least one required SIB and for which si-BroadcastStatus
15 set to broadcasting:

as defined in sub-clause 5.2.2.3.2:
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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.16.7, infringe at least
claim of the S02 patent as set forth below, which Plaintiff provides without the benefit of information about the Accused Products
obtainedthroughdiscovery.

  

 

 
 

Claim 1

Elementa TS 38,331 (v16.6.0)

A methodofARC ve YSN Section 5,2.2.3,5 Request for on dewand aystemy isferwation infarnalk ‘ procedure RRCCONNECTEDretmed by a user
equipment (UE), the method The UE shall:
comprising. Difs with an active BWP not configured with

Elementb common search space with the field searchSpaceCther$ysent andtransmutting 2 Lust S! request message the UE has not stored a valid version of a SIB, in accordance with sub-clause
toa base station (BS) §.2.2.2.1, of one or several required SIB(s), in accordance with sub-clause

5.2.2.1 or if requested by upper layers:

2>for the SI message(s) that, according to the si-Schedulinglnfo orposST-
Scheduling!nfo in the stored SIB1, contain at least one required SIB or
requested posSIB:

3> if onDemandS/B-Request is configured and timer T350 1s not

mg
4> initiatetransmissionof the DedicaiedSIBRequestmessagein

accordance with 5.2.2.36
4> start timer T350 with the timer valueset to the onDemandSIB-

RequestProhibitTimer,

> else tf the UE is in RRCCONNECTED with an active BWP configured with
common search space with the field searchSpaceOtherSystemlnformation and
the UE has not stored a valid version of a SIB, in accordance with sub-clause
5,2.2.2.1, of oneofseveral required SIB(s), in accordance with sub-clause
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5.2.2.1 or if requested by upper layers:

2>for the SI message(s) that, according to the si-Scheduling!nfo in the stored
SIB1, contain at least one required SIB and for which si-BroadcastStatus 1s
set to broadcasting:

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

> for the ST message(s) that, according to the si-Schedulinginfoin the stored
SIB1, contain at least one required SIB and for which si-BroadcastStatus 1s
set to notBroadcasting.

3> if onDemandS/B-Request 1s configured and timer T350 1s not running:

4>initiate transmissionofthe DedicatedSIBRequest message in
accordance with §.2.2.3.6:

4> start timer T350 with the timer value set to the onDemandS/B-

RequestProhibitTimer,

3> acquire the requested SI message(s) corresponding to the requested
SIB(s) as defined in sub-clause 5,2.2.3.2.

Section 5,2.2.3,6 Actions related to transmission of Bedicated SIBRequest
mneggaue

The UE shall set the contents ofDeaiewted\TiAegnest message as

follows: 1> if the procedure 1s triggered to request the required

SIB(s):

   
2>include tin the onDemandSIB-Requestlist to indicate
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1> if the procedure 1s triggeredto request the required posSIB(s):

2>include requestedPosS/B-List in the onDemandS{B-RequestList to
indicate the requested posSIB(s).

Section 6.2.2 Message definitions
- DedicatedSTBRequest

The DedicatedSIBRequest message 1s used to request SIB(s) required by the
UE in RRCCONNECTEDasspecified in clause 5.2.2.3.5.

Signalling radio bearer: SRB] RLC-SAP: AM

Logical channel: DCCH

Direction: UE to Network

DedicatedSIBRequest message

-- ASNISTART
-- TAG-DEDICATEDS IBREQUEST-START

DedicatedSIBRequest-r16 ::=
SEQUENCE

{ criticalExtensions CHOICE {

dedicatedSIBRequest-rl6 DedicatedSIBRequest-
rl6-lis, criticalExtensionsFuture SEQUENCE

{}

}

DedicatedSIBRequest-rl6-IEs ::=
SEQUENCE { onDemandSIB-
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RequestList-r16 SEQUENCE {

 ESE moiser ai; GP Sissskevinroer lo OPTIONAL,

requestedPosSIB-List-r16 SEQUENCE (SIZE

(1,.maxOnDemandPosSIB- r16)) OF PosSIB-RegInfo-rl6
OPTIONAL

} OPTIONAL,
lateNonCriticalExtension OCTET

STRING OPTIONAL,

nonCriticalExtension SEQUENCE {} OPTIONAL

S1IB-RegInfo-rl6 ::= ENUMERATED { sibl2, sibl3, sibl4,

spare, spares, spare4, spare3, spare2, sparel }

PosSIB-RegInfo-rl6 ::= SEQUENCE
gnss-1d-r16 GNSS-ID-rl6 OPTIONAL,
sbas-1d-r16 SBAS-ID-r16 OPTIONAL,
posSibType-r16 ENUMERATED { posSibTypel-1,

posSibTypel-2, posSibTypel-3, posSibTypel-4,
posSibTypel-5, posSibTypel-6,

posSibTypel-7,

oosSibTypel-8, posSibType2-1, posSibType2-2,
posSibType2-3, posSibType2-4,

posSibType2-5,

posSibType2-6, posSibType2-7, posSibType2-8,
posSibType2-9, posSibType2-10,

posSibType2-11,

oosSibType2-12, posSibType2-13, posSibType2-14,
posSibType2-15,

posSibType2-16,

oosSibType2-17, posSibType2-18, posSibType2-19,
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posSibType2-21,

posSibType2-22, posSiblype2-23, posSibType3-1,

posSibType6-1,
posSibType6-2, posSibTypeé-
Spies |

-- TAG-DEDICATEDS IBREQUEST-STOP

-- ASNISTOP

HedicatedTBReguestfield descriptions

Coals cast: SENG the UE requests while in RRC_CONNECTED.
requestedPosSIB-List

Containsa list of posSIB(s) the UE requests while in RRCCONNECTED.

 

   

 

 
Element¢ TS 38.331 (v16.6.0)

; Section 5,2.2.3,5Request for on demand system information in
RRCCONNECTED

 

The UE shall:

1> ifthe UE isin RRCCONNECTEDwith an active BWP not configured with
commonsearch space with the field searchSpaceOtherSystem/nformation andtheUEhaswae in accordance with sub-clause
5,2.2.2.1, of one orseveral required SIB(s), in accordance with sub-clause
5.2.2.1 or if requested by upper layers:

  

2>for the SI message(s) that, according to the si-Schedulinglnfo orposST-
Scheduling/nfo in the stored SIB1, contain at least one required SIB ot
requested posSIB:

\.
ny

SANS
AS:

   
 3> if onDemandSTB-Request is configured and 
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4> initiatetransmission0

accordance with 5.2.2,3.6:>

 
 

 

start Sener SSwith the timervalue set to the onDemandSTB-

RequestProhibitTimer,

1> else tf the UE is in RRCCONNECTED with an active BWP configured with
commonsearch space with the field searchSpaceOtherSystemlnformation and
the UE has not stored a valid version of a SIB, in accordance with sub-clause
5,2.2.2.1, of oneofseveral required SIB(s), in accordance with sub-clause
5.2.2.1 or if requested by upper layers:

2>for the SI message(s) that, according to the si-Scheduling/nfo in the stored
SIB1, contain at least one required SIB and for which si-BroadcastStatus 1s
set to broadcasting:

}> acquire the SI message(s) as defined in sub-clause 5.2.2.3.2;

2>for the SI message(s) that, according to the si-Schedulingtnfo in the stored
SIB1, contain at least one required SIB and for which si-BroadcastStatus 15
set to notBroadcasting.

3> if onDemandS/B-Request 1s configured and timer T350 is notrunning:
4> initiate transmissionofthe DedicatedSIBRequest message in

accordance with 5.2.2.3 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 5.2.2.3.2.
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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 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, infringeat least
claim of the ’972 patent as set forth below, which Plaintiff provides without the benefit of information about the Accused Products
obtainedthroughdiscovery.

Claim|

 
 

Element a

A wireless communication device

a processor coupled to the plurality of
antenna panels and configured to:

comprising: a plurality of antenna panels;

Eachof the Accused Products are wireless communtcation devices comprising a
plurality of antennapanels and a processor coupled to the plurality of antenna panels.

 
Element b

maintain 8 sisraity of leadingfaevalues, thesy of leading intime
clues indicating a plurality of RxgR

base station (BS):   TS 38,214 (v16.7)
Section 5.3.1 Application delay of the minimum scheduling offset
restriction

When the E'sschedule with DCI format 0.1 or 11 witha’: cOnk8 ¢? fieldin slot a, tt shall determine the KOninaKomin
ves if cntredreece to be applied, while the previaapiexOmin
andlor K2min valuesareealuntthenewv values take effet,

 

 

ap EO clone “othe inatedKoni
Wain valeinthennewwaive°DL“uaBWP ifsnoreis applied from the slot
indicated by the slot offsetvalue of the time domain resource assignmentfield in the
DCT. Otherwise, changeof applied minimum scheduling offset restriction indication
carried by DCI in slot 7, shall be applied in slot n+of the schedulingcell. The UE
does not expect to be scheduled with DCI format 0_1 or 1_1 with ‘Minimum
applicable scheduling offsetindicator’field indicating another change to AOmin or
K2min for the same active BWPofthe scheduledcell before slot nLY of the

schedulingcell.
When the DCI format 0_1or |

 

_| with ‘Minimumapplicable scheduling offset indicator’
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field indicating a change to theme Omi or Mmin18 contained within ie first
threee gimbals Of slot n, thevaige of gppiegtiondaly Los determined by, fs ny

\,< Swhere K'is the currently applied K value of the active DL BWPtn
OmnOld min

ingQsetK(1s not configuredfor

 
the scheduled cell and is zero,ifminimumSchedu
theactive DLBWPiin the scheduledcell,

=
 
 

  
and PDCCH and DDS:areret sub-carterer spacingconfigurations forPDCCH
of the active DL BWPin the scheduling cell and PDSCHofthe active DL BWPin
the scheduled cell, respectively, in slot 1. 

Element¢ TS 38,312 (¥16.7)

“> one of the Pratofofagfimeeas lox Section 7,3,1,1,2 Format 0.1me as ofte
 0, | or 2 bits as determined by the numberofUL BWPsinoanenape nBWP.RRC~omfguel by higher layers, excluding the initial ULbandwidth
part. The bitwidth for this field is determined as log 9 (mpyp )] bits, where  

  
 teBS, the stetulnoffset - Mewe=Hewerect | if BWPRRC 13, in which case the bandwidth par

Value comprising atleast one of indicator equivalent to the ascending order of the higher layer parameter
a KO parameter for a Downlink BWP-ld
(DL) channel and a

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

 

   
- Obit if higher layer parameter minimumSchedulingOffsetK21s not configured; 
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| bit if higher layer parameter minimumSchedulingOjfsetK2 1s configured.
The | bit indication 1s used to determine the minimum applicable K2for the
active UL BWP andthe minimum applicable KO value for the active DL
BWP.if configured respectively, according to Table 7.3.1.1.2-33. If the
minimum applicable K01s indicated, the mmmum applicable value ofthe
aperiodic CSI-RS triggeringoffset for an active DL BWP shall be the same
as the minimum applicable KO value.

TS 38,331 (v16.6)

PDSCH-Config

The #35 ‘ConnieTE 1s used to configure the UE specific PDSCH parameters.

minimumSchedulingOffsetK0-rl6—SetupRelease { MinSchedulingOtfsetk0-
Values-r16} OPTIONAL,  --Need M

minmumSchedulingOffsetK0

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

PUSCH-Config

The IEsso1s used to configure the UE specific PUSCH parameters
applicable to a particular BWP.

   
mimimumSchedulingOffsetK2-116  SetupRelease { MinSchedulingOffsetK2- 
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Values-r16 } OPTIONAL,--NeedM

 
List of minimum K2 valuesMinimum K2 parameter denotes minimum applicable
value(s) for the Time domain resource assignment table for PUSCH (see TS 38.214
[19], clause 6.1.2.1),

 
 

Element d

and determine that—_the

when a time duration indicated by ie
schedulingoosevale XA  
  scheduling offset value isivvalx’,

  TS 38.214 (v16.7)
Section 5.1.2.1 Resource allocationin time domain

When the UE is configured with minimumSchedulingOffseiK0 tn an 2: We

ittappiesana minimumumschedulingaost restriction indicated if the "vss eaneychegintiag obyecnet "field in DCI format |_| or DCI format 0lif
te:same felis18 avavaible,When the UE 1s configured with
minimumSchedulingOffsetK0 in an active DL BWPand it has not recetved ‘Minimum

applicable scheduling offset indicator’ field in DCI format 0.| or 11, the UE shallapply a minimum scheduling offset restriction indicated based on Micimum
applicable schedulingoffset indicator value ‘0’When the mintmum scheduling
offset restriction is applied the {:< ss vat exgeetesto be scheduled with a DCT in slotnto receive a PDSCH scheduled wthC.‘CRNT! CS-RNTI or MCS-C-RNTI with £0

 
 

 » owe oh Where KOmin and } are the apa!

5

 sonand the numerology of the active DL BWPof the scheduled cell when
receiving the DCI in slot n, respectively, and j’ is the numerologyof the newactive DL
BWPin case ofactive DL BWPchangein the scheduled cell and 1s equal to p,
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, infringeat least
claim of the’ 165 patent as set forth below, which Plaintiff provides without the benefit of information about the Accused Products
obtainedthroughdiscovery.

  
Element a

A user equipment (UE) comprising: 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-readable media, and configured
to execute the computer-executable
instructions to:

The Accused Products include a user equipment (UE) comprising 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-
readable media, and configured to execute the computer-executable instructions.

 

Element b

recelve, in

   TS 38,212 (v16,7)

Section 7.3.1.2.2 Format |1

  vad|i 1s.used for the s<? “1 onecell.

-Antenna pots) ~4 5, of 6 bits as defined by Tables 7.3.1.2.2-1/2/3/4 and
Tables 7.3.1.2.2- IADAIAMA, 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}

respectively.Theantenna prs {p0,....v-1 shall be detersened accor
ih OF DMSpeatis} given by Tables 7.3.1.2.2-1/2/3/4 or Tables

73,1.2.2-1LAIDAAMA When a UE receives an activation command that maps
at least one codepoint of DCI field to
two TC]states, :!: i

 
 

 
 

Page |

Ex.1002

APPLEINC./ Page 36 of 349

 



Ex.1002 
APPLE INC. / Page 37 of 349

ConselD2AOURCOOommaniPaCaDAZEReeaheOyPRSS

 

 
   he UE can receive an entry with DMRS

ports equals to 1000, 1002, 1003 when two TCIstates are indicated in a
codepoint of DCI field Transmission Configuration Indication’.

TS 38.214 (v16,7)

Section 5.1.5 Antennaports quasi co-location

When a UE supports two Tcl states in acodepoint of the {N
" ioxt' the UE

ey pee ee eveae cade
DOOM

 

 

may receive an activation command, as described in clause 6.13.24 of [10, TS

38.321], the activation commandIS use
  wa 1 see to the codepoints ofthe DCTfield

‘Transmission Configuration inationThe UE 1s not expected to receive more than 8
TCI states in the actrvation command.

Element¢ TS 38,213 (v16.7)
 

Section 5 Radiolink monitoring 
 

 
Location (Q
receiving the:

abe 9 .

 
 

 
ifthe acave VA statefor MACHte s twa BA, the UE expects thatone RG18stlwith qcl-Typeset to'pel [6, 13 3601 4] and the UE uses the
RSconfigured with qcl-Typeset to ‘typeD’ for radiolnk monttoring; the UE does not
expect both RS to be configured with qcl-Type set to 'typeD'

TS 38.214 (v16.7)

Section 5.1.5 Antennaports quasi co-location
The UE can be configured with a list of up to M TCI-State configurations within

the higher layerparameter PDSCHContigto : H according toadetected 80015 with {"\ intended for the UE‘an the given serving cell, where
M dependson the UE capability maxNumberConfiguredTCTstates PerCC. Each

 

 

  
 TCT-State contains parametersfor configuring a qua
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IDI

PDSCH, teDMRS vtofPoccor the (SI:RSport(s) of a CSI-RSresource.
The quast co-location relationship 1s configured by the higher layer parameter qcl-
Typel for the first DL RS, and qcl-Type? for the second DL RS (if configured).
For the case of two DL RSs,the QCLtypesshall not be the same, regardless of
whether the references are to the same DL RSor different DL RSs, The quasi co-
location types correspondingto each DL RSare given bythe higher layer
parameter gcl-Type in QCL-Info and may take one ofthe 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 Antennaports 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 :esecs 8"): accordingto a detected
OCCwith O8! intended for the UE and the given serving cell, where M depends
on the UE capability maxNumberConfi
contains parameters for configuring a
twodownlinkreferencesignalsand the SM-8S+
of PDCCHor the CSI-RSport(s) of a CSI-RS resource. The quast co-location
relationship 1s configured by the higher layer parameter qcl-Typelfor the first DL
RS,and qcl-Type2 for the second DL RS(tf configured). Forthe case of two DL RSs,
the QCL types shall not be the same, regardless of whether the referencesare to the
same DL RSor different DL RSs. The quasi co-location types correspondingto each
DL RSare given bythe higher layer parameter qcl-Type in QCL-Info and may take
oneof the following values: - 'typeA’: {Doppler shift, Doppler spread, averagedelay,
delay spread} - 'typeB': {Doppler shift, Doppler spread} - 'typeC’:
{Doppler shift, average delay} -'typeD': {Spatial Rx parameter}

  
  coon toons arthNey aweYMIRSDOT BOUNDS   
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TS 38,331 (v16.6)

TCI-State

The IE TCI-State associates one or two DLreference signals with a corresponding
quasi- colocation (QCL) type. TCI-State information element

TCl-State = SEQUENCE{
tci-Stateld TCI-Stateld, qcl-Typel | 

QCL-Info := SEQUENCE{

cell ServCellIndex OPTIONAL,-- Need R

bwp-Id BWP-Id OPTIONAL,-- Cond CSI-RS-

Indicated referenceSignal CHOICE{

csi-rs NZP-CSI-RS-Resourceld,

ssb SSB-Index

\
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SYSTEM INFORMATION UPDATESIN

BAND WIDTH PART (BWP) SWITCH
OPERATION
 

CROSS REFERENCE TO RELATED
APPLICATIONS

   
 

This application claims the benefit of andpriority to U.S.
Provisional Application No. 62/586,598 filed on Nov. 15,
2017 and entitled “SYSTEM INFORMATION UPDATEIN

BWP SWITCH OPERATION,” (hereinafler referred to as
“US72315 application”). The disclosure of the US72315
applicationis 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 ccll may ;
configure one or more bandwidth parts (BWPs) in downlink
and uplink respectively for a UE bydedicated RRC signal-
ing. One the other hand, a UE maybeallocated to with at
most one active DL BWPand one active UL BWPat a given
time by the cell. A single scheduled downlink control
information (DCI) maybe applied to switching from one
active BWPto another for an operating UE.

Tor a UL, an initial active DL BWPis defined. as the
frequencylocation and bandwidth dedicated for broadcast-
ing remaining minimum SI (RMSJ). When the NWsendsto
a Connected_UE a system information (SI) change indica-
tion that notifies of system information change, the Con-
nected_UF may have to switch from the currently active
BWPto theinitial active BWP for accessing the RMSI and
updating to the changed SI if there is no SI broadcasting on
the currently active BWP. Furthermore, the Connected_U]
may not successfully complete SI update if there is noclea:
UE behavior defined for BWP switching. As a result ofBW
switching inability problem, the UE may not be able to
update system information.

 

ty
5 v

SUMMARY

‘The present disclosure is directed to bandwidth part
(BWP) switching operations in conjunction with system 5
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 (UL) 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 ST

update; receiving remaining minimum SI (RMSJ) 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 UF; 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 BWPfor an SI update; to receive remaining minimum
SI (RMSJ) 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. ta be updated for the
UE; and to reecive content of the required changed SIBs
based on the determination.

BRIEF DESCRIPTION OF THE DRAWINGS 

Aspects of the exemplary disclosure are best understood
fromthe 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 diagramillustrating a BWP switch-
ing operation for a Connected_ULE 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 dueto 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 Connecled_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 ofthe 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 ofthe present disclosure.

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

FIG. 8 is a schematic diagramillustrating a BWP switch-
ing operation for a Connected_UVE ducto reeciving a public
warning system (PWS)notification indication in accordance
with one exemplary embodimentof the present disclosure.

FIG.9 is a schematic diagramillustrating a BWP switch-
ing operation for a Connected_UE dueto receiving a public
warning system (PWS)notification indication in accordance
with one exemplary embodimentof 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 ofthe present
disclosure will occur to those skilled in the art. Unless noted

otherwise,like or corresponding elements amongthefigures
may beindicated bylike 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 sameor 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 termsfirst,
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.

Tt 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. lor
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 UF. is configured to receive and transmit signals
over an air interface to one or more cells in a radio access
network.

A basestation 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-eNBas in an E-UTRA basestation in connection with

the 5GC, a next generation node B (gNB) as in the 5G

 

Access Network (5G-AN), and any other apparatus capable 5
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 embodimentofthe present disclosure, a Connect-
ed_UE may implicitly switchto 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 bythe
UE.This results in reduction of redundant L1 signaling for
switching from a currently active BWPto the initial active
BWPfor the UL. In FIG. 1, a BWP switching operation for
a Connected_UVEduceto receiving an SI changeindication is
illustrated. In DL, the UE may operate on an indicated BWP
as currently active DL BWPfor DL data transmission (e.g.,
based on RRC configuration, DCI control or the behavior for
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BWPinactivity timer) or operate on an initial active DL
BPWable to receive the content of changed SI required for
the VE 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 BWPas the currently active
BWPfor data transmission according to L1 signaling.

The ST change indication is sent to the UF bypaging(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 PWSnotifications using, Short
Message transmitted with P-RN'TI over downlink control
information (DCI). At 101, upon receiving the SI change
indication, UE may switch immediately to the initial active
BWPfrom the indicated BWP during BCCH modification
period n. The SI changeindication is used to inform the UE
that there is a system information change(s) or update(s),
and maybecarried as part of the Short Message. Then, RRC
sublayer of the NW mayinform the PHYsublayer that the
paging has beensent 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 anyother L1 signaling (c.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+1 ends. The BCCII modification
period n+1 immediately follows the BCCH modification
period n in time sequence. Although the UE has switched to
the initial active BWPat certain timing (e.2., at 101) within
BCCH modification period n, it is in the next BCCH
modification period n+1 that the UF performs the system
information acquisition to update to changed system infor-
mation. In modification period n+1, the UE mayreceive
broadcast remaining minimum system information (RMSI)
carrying information associated. with changed system infor-
mation blocks (SIBs)viatheinitial active BWP and perform
the SI update(s) according to the information. The RMSIis
also known as SIB1 (system information block 1). The UE
may receive the RMSIat certain time point in modification
period n+l (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 UL mayidentify one or more of the changed
SIB(s) that the UE requires for the SI update(s). Then the VE
may receive the content(s) of the changed SIBs which are
identified as being required for the SI update(s) based onthe
determination. For another example, the UE may identify
none of the changed SIBsis 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 UL 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 mayknow the UEbydefault
will complete the SI update within modification period n+1,
the PHYsublayer 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
NWre-takes the BWP switching operations by sending L1
signaling to switch the initial active BWP to a BWP for
subsequent data transmission.

In one embodiment, the currently active BWP happensto
be the inilial active BWP.In thiscase, il is nol necessary that
a BWPswitching operation is involved for updating the SI
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when receiving the SI change indication. For example, the
Connected UEhasalready been onthe initial active BWP as
currently active BWP because of certain on-going services
in modification period n and will stay on theinitial active
BWPto perform system information acquisition to conduct
the SI update in BCCH modification period n+1. The PHY
sublayer of the NW may consider the completenessof the SI
update in the next BCCH modification period n+1. Then, the
PHYsublayer of the NW mayre-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 ID andper-config-
ured parameters, the Short Message cannot be broadcasted
on other BWPsbuttheinitial active BWP. Onoccasions, the
UE mayswitch to the initial actrve BWP automatically to
detect whether there is a Short Message and receiving the 2
Short Message.If receiving the 8S] changeindicationcarried
in the Short Message, the UE maystay onthe initial active
BWPfor the subsequent SI update without the need for
additional BWPswitching. If receiving no Short Message or
no SI change indication carried in the Short Message, the UE 2
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 L1 signaling from
the NW(e.g., DCI) for BWP switching.

In one embodiment of the present disclosure, the Con-
nected UF. may feedback to the NW while the ST update is
completed, and the NW mayre-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 mayoperate on an indicated BWP as currently active
BWPfor 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 BWPfor data transmission accord-
ing to L1 signaling.

The SI changeindicationis sent to the UE by paging(e.g.,
a Short Message) from the NWwhile the UE mayoperate
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 maybe carried as

 

 

part of Short Message in the paging. Then, RRC sublayer of 5
the NWmay inform the PHY sublayer that the paging has
been sent to the UE and the switching of the UEto theinitial
active BWP has been performed. So, the NW may stop
sending to the UE anyother L1 signaling for BWP switching

 

 
operations, and wait for the UE fecdback indicating the 5
completeness of the SI update.

Afler 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 UF completed the ST update if
required and feedback to the NWthat 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 PITY 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
BWPfor the SI update in DL, the NW maybestill able to
schedule data transmission on the initial active BWP.
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The UE feedback of SI update complete maybe sent by
L1 signaling (via PUCCH) or by MAC-CEtransmission on
an uplink (UL) BWPpaired withthe 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 PHYsublayer may feedbackit to the NW.
The NW mayre-take control over the BWP switching after
receiving the feedback in NWPHY sublayer. Alternatively,
if using MAC-CEtransmission, the upper sublayer of the
UE mayinform MACsublayer that the system information
update is completed, and the UE MAC sublayer may feed-
back it to the NW. The NW mayre-take control over the
BWPswitching once receiving the feedback in NW MAC
sublayer.

In one embodiment ofthe 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-
tionis illustrated. ‘The UE may operate on an indicated BWP
as currently active BWPfor data transmission or operate on
an initial active BPWable to receive the content of changed
SI required for the UE SI update. Within BCCH modifica-
tion period n, the UE mayoperate on the indicated BWPfor
data transmission according to L1 signaling.

The SI change indicationis 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 UF 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 bestill
performedfor certain required services before the automatic
switching to the initial active BWPtakes place on the end of
BCCH modification period n.

In this case, PHY sublayer of the NW may know that the
UEswitches to the initial active BWP automatically on the
end of BCCH modification period n, and may stop sending
to the UF any other I.1 signaling for BWP switching
operations after modification period n ends. The PHY sub-
layer of the NW may knowthe UEbydefault will complete
the SI update within the next modification period n+1, the
PITY sublayer may re-take contro! over the BWP switching
after BCCH modification period n+1 ends. Therefore, at 303
on the ending boundaryofmodification period n+1 the NW
re-lakes the BWP switching operations by sending L1 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 BCCII 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 1f required.

In this case, since the NW mayknow the UE bydefault
will complete the SI update within the next modification
period n+1, the PHY sublayer mayre-take control over the
BWPswitching after BCCII 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 inilial active BWP to
a BWPfor 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 uponreceiving 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 mayoperate on an indicated BWP as currently active
BWPfor 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 mayoperate onthe indicated BWPfor data transmission
according to L1 signaling.

‘The S] changeindicationis sent to the UE by paging(e.g.,
a Short Message) from the NWwhile the UE mayoperate
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 UL 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 bestill
performed for certain required services before the automatic
switchingto the initial active BWPtakes place on the end of
modification period n. In this case, PHY sublayer of the NW
may knowthat the UE switches to the initial active BWP

 

 

 

automatically on the end of BCCH modification period n, :
and maystop sending to the UE any other L1 signaling for
BWPswitching operations after period. n ends.

After switching to the initial active BWP on the end of
modification period n, the UE maycontinue to stay on the
initial active BWP until the update of the required SI
change(s) is completed. At 403, the UE complete the $1
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 PHYsublayer of the NW may
re-take control over the BWP switching operation at 403.
Although the UEhasto operate on the initial active BWPfor
the SI update in DL, the NWmaybestill able to schedule
data transmission on the initial active BWP.

‘The UE feedback of $1 update complete may be sent by
1.1 signaling (via PUCCH) or by MAC-CEtransmission on
an uplink (UL) BWPpaired with the initial active DL BWP.
If using L1 signaling, the upper sublayer (e.g., RRC) of the
UE mayinform PHY sublayer that the SI update is com-
pleted, and the UE PITY sublayer may feedback it to the NW.
The NWmayre-take control over the BWP switching after
receiving the feedback in NW PHYsublayer. Alternatively,
if using MAC-CEtransmission, the upper sublayer of the
UE mayinform MAC sublayerthat the system information

 

 

update is completed, and the UR MAC sublayer mayfeed- 5
back it to the NW. The NW mayre-take control over the
BWPswitching once receiving the feedback in NW MAC
sublayer.

In one embodimentofthe present disclosure, after receiv-
ing an SI change indication the UE may not switch to an 5
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 BWPfor 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 changeindication 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. Onthe NW side, the RRC sublayer may
inform the PHY sublayer that the $1 change indication is
sent to the UE. The SI change indication maybe carried as
part of the Short Message in the paging. In response to the
UE reception of the SI change indication, the PHYsublayer
ofthe NW mayschedule the L1 signaling and decide when
to send the T.1 signaling to switch the UF 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 recciving 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 UEby 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 PHYsublayer may
re-take control over the BWP switching after BCCH modi-
fication period n+1 ends.

Thus, at 505 the NWre-takes control over the BWP
switching operations on the ending boundary of modifica-
tion period n+1 by sending L1 signaling to switchtheinitial
active BWP to a BWPfor data transmission.

Alternatively, the NW mayre-take control over the BWP
switching operations upon receiving a feedback from the UE
indicating the S] 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 BWPat 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-CEtransmission on an
uplink (UL) BWPpaired with the initial active DL BWP. If
using L1 signaling, the upper sublayer(e.g., RRC) of the VE
may inform PHY sublayerthat the S] update is completed,
and the UF PHYsublayer may feedback it to the NW. The
NW mayre-take control over the BWP switching after
receiving the feedback in NW PHY sublayer. If using
MAC-CEtransmission, the upper sublayer of the UE may
inform MACsublayerthat the system information update is
completed, and the UE MAC sublayer may feedbackit to the
NW. The NW mayre-take control over the BWP switching
once receiving the feedback in NW MAC sublayer.

In one embodimentofthe present disclosure, the UE may
receive a public warning system (PWS) notification indica-
tion for ETWS indication or CMASindication carried in

Short Message of a paging. The PWSnotification indication
notifies the UE of immediate reception of a PWSnotifica-
tion. When a Connected UL receives a PWS notification

indication broadcasted by paging of the NW, the RRC
sublayer ofthe UE may inform the PHY sublayer that a PWS
nolification reception is required immediately.

If the VEreceives the PWSnotification indication(s) ofa
paging from the NW, the UF has to immediately start
receiving the PWSnotification(s) according to the schedul-
ing information in RMSI. The PWSnotification 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 PWSnotification(s). Once
the SIB(s) associated with the corresponding PWSnotifica-
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 dueto receiving a PWSnotification 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 ableto receive the content of changed SI
required for the UE SI update. Within BCCH modification
period n, the UE may operate on the indicated BWPas the
current active BWP for data transmission according to L1
signaling.

The PWSnotification 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, uponreceiving the
PWSnotification indication, UE may switch automatically
to the initial active BWP from the indicated BWP in BCCH

modification period n. The PWSnotification indication may
be carried as part of Short Message in the paging. Then,
RRCsublayer of the NW may inform the PHY sublayerthat
the paging has been sent to the UL. So, the PITY sublayer of
the NWknowssuccessful automatic switching to theinitial
active BWP and maystop 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 2
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 NWmayre-take
control over the BWP switching immediately uponreceiving
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 mayoperate on an indicated
BWPas currently active BWP for data transmission or
operate on an initial active BPWable to receive the content
of changed SI required for the UE SI update. Within BCCH
modification period n, the UE mayoperate onthe indicated
BWPfor daia 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 UF
may operates on the indicated BWP. At 801, uponreceiving
the PWSnotification indication, UE may switchto the initial
active BWP automatically from the indicated BWP in
BCCI] modification period n. The PWSnotification indica-
tion may be carried as part of Short Message in the paging.
Then, RRC sublayer of the NW mayinform 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 maystop sending to the UF any 5
other L1 signaling for BWP switching operations, and wait
for the UE feedback indicating the PWSnotification is no
longer scheduled.

At 803. the UL may inform the NW of the stopping
broadcast of the PWS notification(s) by a feedback that 5
indicates the PWSnotification is no longer scheduled.

In one embodimentofthe present disclosure, afler receiv-
ing a PWS notification indication the UE may not switch to
an initial active BWP until an I.1 signaling is received from
the NW.Since the PWSnotification is for emergence, the L1
signalling for switching the UEto the initial active BWP
shall be transmitted as fast as possible. In FIG. 9, a BWP
switching operation for an RRC_connected UL due to
receiving a PWS notification indication is illustrated. The
UE mayoperate on an indicated BWP as currently active
BWP for data transmission or operate on an inilial active
BPWable to receive the content of changed SI] required for
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the UE SI update. Within BCCH modification period n, the
UE mayoperate on the indicated BWP for data transmission
according to L1 signaling.

The PWS notification indication is sent to the UE by
paging (c.g., a Short Message) from the NWwhile 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 switchto the initial active BWP
but continue to stay on the indicated BWP until an T.1
signaling from the NWis received. At 903, the UE switches
to the initial active BWP in response to receiving the L1
signaling sent from the NWin BCCH modificationperiod n,
and the NW mayalso stop sending to the UE any other L1
signaling for BWP switching operations. At 905, the PHY
sublayer of the NWwould 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 PITY sublayer in the NW
could re-start to take control over BWP switching
operation(s).

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

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 BWPinactivity timer maystart
to run for an inactive time period immediately after the UE
switchesoff the default BWP.In other words, no matter what
BWPsthe Connected_UEcurrently operates on, the UE may
switch back to the default BWP immediatelyafter the BWP
inactivity timer expires.

If the initial active BWPis 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 BWPafter 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 BWPinactivity timer may keep running.
In some embodiments, the BWP inactivity timer would
restart with the configured value andstart running.It is noted
that the configured value maybe different from the normal
one (i.e., the normal oneis 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 UF needs to perform SI
acquisition after receiving the SI change indication carried
in the Short Message.

In one embodimentofthe present application, if the BWP
inactivity timer expires but the SI] update is not complete, the
UE maykeep staying on the initial active BWP until the next
L1 signalling (e.g., DCI) controls the UE to perform another
BWPswitching. The NW may need the liming of the SI
update completeness by an NWcontrol mechanism (e.g.,
waiting for the whole BCCH modification period for ST
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 BWPinactivity
timer would then reset and restart while the UL is switched

to another BWP,whichis not the default BWP. On the other
hand, if the BWP inactivity timer is expired but the PWS
nolification receiving is not complete, the UE would keep
staying ontheinitial active BWP until the next L1 signalling
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(e.g., DCD controls the UEto perform another BWP switch.
The NW would need the timing of the SI complete by an
NWcontrol mechanism(e.g., waiting, for the whole BCCH
modification period for SI updated as introduced in the
embodiments) or an UE control mechanism (c.g., by waiting
for the UE feedback as introduced in the embodiment). The
BWPinactivily timer may then reset and restart while the
UEswitches to another BWP, whichis 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
BWPwithout L1 signalling.

FIG. 10 illustrates a block diagram of a device for
wireless communication, according to various exemplary
implementations ofthe present disclosure. As shown in FIG.
10, device 1000 may include transceiver 1020, processor
1026, memory 1028, one or more presentation components
1034, andat least one antenna 1036. Device 1000 mayalso
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, I/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 andslots 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 mayinclude 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 methodor technology
for storage of information such as computer-readable
instructions, data structures, program modulesor 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 5
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 carricr wave or other 5
transport mechanism and includes any information delivery
media. The term “modulated data signal” meansa signal that
has one or moreofits characteristics set or changed in such
a manneras 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-slorage mediain the
formofvolatile 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-
putcr-cxccutable instructions 1032 (c.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 maynotbe 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 ctc. Processor 1026 may include
memory. Processor 1026 mayprocess 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 madule. 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.

Oneor 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 fromthe scope ofthose 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.

Whatis claimed is:

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

receciving 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 SJ changeindication, switch-
ing from the currently active BWP to an initial active
BWPfor an SI update;

receiving remaining minimum SI (RMSJ)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 SIBsis 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
BWPis switched to the initial active BWP automatically on
the end of the modification period.

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

5. The methodof 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 BWPinactivily 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 BWPafter the BWP inactivity
timer expires.

8. The method of claim 7, wherein the BWPinactivity

 
    

limer stops alter the currently active BWP for data trans- ,
mission is switched to an initial active BWP in response to
receiving the ST change indication.

9. The method of claim 7, wherein the BWPinactivity
timer is further configured to have a short period and a long period, and wherein the UEselects the long period for the ,
BWPinactivity 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 aller
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 BWPfor an SI update; and

receiving remaining minimum SI (RMSJ)viatheinitial
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 whichof 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 VE ofclaim 11, wherein the currently active BWP
is switched to the initial active BWP automatically on the
end of the modification period.

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

14. The VE ofclaim 11, wherein the currently active BWP
is switched to the initial active BWPin response to receiving
downlink control information (DCT).

15. The UE of claim 11, wherein the processoris 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 processoris further
configured to execute the computer-exccutable 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 VE of claim 11, wherein the UEis pre-configured
with a default BWP and a BWPinactivity timer for the
connected state, and wherein the UL starts the BWP inac-
tivitytimer after switching off the default BWP and switches
back to the default after the BWP inactivity timer expires.

18. The VE of claim 17, wherein the BWPinactivily timer
stops atter the currently actrve BWPfor data transmission is
switched to an initial active BWP in response to receiving
the SI change indication.

19. The UE ofclaim 17, wherein the BWPinactivity 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 reeciving the S] change indication.

20. The UE of claim 17, wherein the UE stays on the
initial aclive BWPin order to complete the SI update afler
the BWP inactivity timer expires.
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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 UL that contents of system information
have been changed. The UE switches from the currently
active BWPto aninitial active BWPto 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). Whena UEfinds 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 S] message is currently broad-
casted or not) and the mapping of the SIBs to SI messages,
the UE may perform an on-demandSI 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 ofthe present disclosure, a method
of wireless communications performed bya user equipment
(UF) 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
UL is provided. The UL 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 $I! request procedure inthe 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
ofSI 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 S] 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.

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

FIG. 5 is a sequence diagramillustrating an example of a
UE receiving ST 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 UL, 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. Ilowever, 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
maybe 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.

lor the purpose of consistency and ease of understanding,
like featuresare 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 shownin the figures.

The description uses the phrases “in one implementation,”
or “in some implementations,” which may each refer to one
or more of the sameor 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 ofA, 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 ofthe 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.

Personsskilled 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 compuler 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- 2
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 butis not limited
to random access memory (RAM), read only memory
(ROM), erasable programmable read-only memory
(FPROM), 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.

Aradio communication network architecture (c.g., a long
term evolution (LTE) system, a LTE-Advanced (LTE-A)
system, a LTE-Advanced Pro system, or a 5G New Radio
(NR) Radio Access Network) typically includes at least one
base station, at least one user equipment (UF), 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 [volved Universal Terrestrial Radio Access
network (E-UTRAN), a 5G Core (SGC), or an internet),
through a radio access network (RAN)established by one or
more basestations.

It should be noted that, in the present application, a UE

 

may include, but is not limited to, a mobile station, a mobile 5
terminal or device, a user communication radio terminal. For
example, a UE maybe 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 wircless 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 basestation may include, but is not limited to, a node
B (NB) asin the UMTS,an evolved node B (eNB) asin the
LTE-A,a radio network controller (RNC) as in the UMTS,
a base station controller (BSC) as in the GSM/GERAN,a
ng-eNBas in an E-UTRA basestation in connection withthe
5GC, a next generation node B (gNB) as in the SG-RAN,
and any other apparatus capable of controlling radio com-
munication and managing radio resources within a cell. The
base slaltion 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 (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 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 ofthe present
application should not be limited to the above mentioned
protocols.

The basestation 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. Lach cell is operable to provide
services to at least one UE withinits radio coverage. More
specifically, each cell (often referred to as a serving cell)
provides services to serve one or more UEswithin its radio
coverage,(e.g., each cell schedules the downlink and option-
ally uplink resources to at lcast one UE within its radio
coverage for downlink and optionally uplink packet trans-
missions). The base station can communicate with one or
more UEsin the radio communication system through the
plurality of cells. A cell mayallocate sidelink (SL) resources
for supporting proximity service (ProSe) or Vehicle to
Everything (V2X) service. Each cell may have overlapped
coverage areas with othercells.

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.‘he 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 maybe 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 onthe network dynamics ofNR.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) hasintro-
duced a newradio resource control (RRC) stale (ie., the
RRC_INACTIVEstate) for the next generation (e.g., 5th
generation (5G)) wireless communication networks. The
RRC_INACTIVEstate (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 UEis in an inactive
state, the 5G radio access network (5G-RAN)(e.g., the next
generation radio access network (NG-RAN), other 3GPP/
non-3GPPaccess network connected to a 5G core network)
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and the UE store the “UF context’ (which may include
Access Stratum (AS) context and Non-Access Stratum
(NAS) context of the UE) separately. In addition, when the
UEis 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 UFs that are in different Radio
Resource Control (RRC)states. For example, in one imple-
mentation, for a UEthat 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 SJ request trom the
UE.In some implementations, for a UEthatis 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 maycontrol the message type for the on-
demand SI request procedure. I'or example, the message
type for the on-demandSI request procedure may include a
Message 1 (MSG1) based approach and a Message 3
(MSG3) based approach.

In some ofthe 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 needsto 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 minimumgranularity for a requested SI may be one SI
message (for a set of SIBs, as in an LIE scenario). In some
of such implementations, one RA preamble maybe 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 someofthe present embodiments, an RA procedure for
SI request may be considered successful when the UE
receives an MSG2that includes a RAPID corresponding to
the transmitted preamble. The MSG2 reception may use an
RA-RNTIthat corresponds to the MSG1 transmitted by the
UE.

In some of the present embodiments, the ULE mayretrans-
mit the RA preamble according to an NR RA power ramping
when the SI request is considered to be unsuccessful. The
MSG1for SI request re-transmission maybe continued until
reaching maximum preamble transmissions in some ofthe

 

present embodiments. Thereafter, an RA problem may be 5
indicated to the upperlayer (e.g., RRC layer). In some ofthe
present embodiments, a Back off mechanism maybeappli-
cable to the MSG1-based SI requests. In some of such
embodiments, however, no special back off sub-header/
procedure maybe required.

In someof the present embodiments, if the RA preamble
and/or the PRACHresource (or PRACHoccasions) specific
to each SIB orset of SIBs (which the UE needs to acquire)
is not included in the minimum SJ, the ST request may be
included in an MSG3. The UE maydetermine whether the
MSG3-based approach is successful or not based on a
reception of the MSG4. The preamble(s) and/or the PRACH
occasionsfor the SI request using the MSG3-based approach
may notbe 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-RNTI received in the MSG2 maybe 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 transmils a preamble on a dedicated
PRACHresource (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
RARthat 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
MSG1for SI request re-transmission, in someofthe present
embodiments, may be continued until a maximum preamble
transmission is reached. In some of such embodiments, an
RA problem maybe indicated to the upper layers. However,
during the whole MSG1-based. SI request procedure, the
requested SIB(s) or SI message(s) maybe broadcasted based
on the NW decision or other UE’s SI request(s). There may
be a power consumptionissue if the UE does not stop the
ongoing MSGl-based SI request procedure when the
required SIB(s) has been broadcasted.

Asdescribed above, based on the MSG1-based SI request
procedure, a UE which transmits a preamble on a dedicated
PRACHresource for the SI request may need to wait for the
corresponding RAR within a configured RAR window.Ifno
RARthat contains a RAPID corresponding to the transmit-
ted preamble is received, the UE may retransmit the RA
preamble until reaching a maximumpreamble transmission,
and then an RA problem maybe indicated to upper layers.
If the corresponding RARis received, the UE may send an
MSG3to 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 MSG4is received,
the UE mayretransmit a preamble again. In some of the
present embodiments, the MSG1 for the SI request re-
transmission maybe continued until a maximumpreamble
transmission is reached. In some aspects of the present
embodiments, an RA problem maybeindicated 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 ST request or an MSG3-based ST
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 someof the present embodiments.

If the UE considers that a cell is barred due to an SI

request failure, the UE may considerthe cell as barred for a
configurable time period ora 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 maybe predefined as a fixed value in
some ofthe 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 maynot 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 UF 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 upperlayer (c.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
MAClayer). 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 whento 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
UF(e.g. essential for the UF’s targeting services) or based
on some other predefined rules. For example, the UE may
determineto perform a cell reselection procedure as a result
of an unsuccessful SI requestif the required SIB(s) and/or SI
message(s) are essential.

The UE mayperforma cell reselection procedure due to
a failure of the MSG1-based SI request or the MSG3-based
SI request. Specifically, when the UE performsa cell rese-
lection procedure, the UE mayconsider the cell, for which
the UF fails to request the required STB(s) and/or ST mes-
sages(s), as barred or having a lowerpriority (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 maydecide whether to re-request the requested

 

SIB(s) or SI messages(s) on the campedcell. In one imple- 5
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 maystart when the upper
layer (e.g., the RRC layer) receives the RA problem due to
an S] request failure from the lowerlayer (c.g., the MAC 5
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 ofthe prohibit
timer may be broadcasted in the system information. carried
in an MSG2 or MSG4,or maybe predefined asa 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 mayreceive 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 UF maydirectly switch to the
idle state and then performa 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
recciving the SI request rejection message/information, the
UE may consider that the required SIB(s) or SI message(s)
are nol available and maynot perform the SI request for
those SIB(s) or SI message(s) again on the cell. In another
implementation, a prohibit tumer may be initiated when the
UEreceives the SI request rejection message/information.
After the prohibit timer expires, the UE may perform an SI
request procedure again. The prohibit timer maybe precon-
figured or may bea fixed value.

In one implementation, whenthe SI request procedure is
unsuccessful, the UE may perform, at least, a reestablish-
ment procedure, switch to anidle 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 mayswitch to
the idle state and performa cell reselection procedure when
the SI request for essential SI is failed. The UF may consider
the cell in which the SI request is failed as barred, or having
a lowerpriority when performing a cell reselection proce-
dure (e.g., by setting the priority ofthe frequency on which
the barred cell is to a default value). The UL, in someof 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 mayperform a handover
(HO) procedure (e.g.. from a source gNBto 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 ofa Secondary Node (SN) SI request fuilure, or the
informationrelated to the S] request failure to a Master Node
(MN) whenthe on-demandSI request for the SIR(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 someofthe present embodiments, the MN
maytry to resolve the SN SI request rejection/failure prob-
lem. For example, in one aspect ofthe present embodiments,
the MN mayrelease the SN or change the SN to a new SN
for the UE.

CASE3:Store and Report the Information Related to the
ST Request Failure:

An MSG1-based SI request or an MSG3-bsed SI request
procedure maybefailed when a lowerlaver (e.g., the MAC
layer) informs an upperlayer(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 maystore 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

 

Ex.1002

APPLEINC./ Page 61 of 349



Ex.1002 
APPLE INC. / Page 62 of 349

AAEti(eEROaberiiaABSoaBS

US 10,791,502 B2
9

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 (ofthe cell in which the UE
has performed the SI procedure buthas 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 performthe 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 maybe associated with an SSB. The UE may
report suchfailure information to the NW whenswitching to
a connected state later. The UE may mandatorily report the
information of the SI request failure, according to the
configuration, or upon an NWrequest. The content of the SI
requestfailure information maybe predefined, may be based
on the required information indicated in the received SI
requestfailure 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, UF. 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 afler receiving suchin[for-
mation trom UE 102. In action 112, UE 102 may send a
message including the ST 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 mayconsider 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 ST 5
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, UL 102 maystore the information 
related to the SI request failure when UE 102 considers the 5

 cell as barred and performsa 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
UL 102 receives the SI request rejection information), UL
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 switchto anidle state
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and then perform a cell reselection procedure byconsidering
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 1D (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
comected state later. UE 102 may mandatorily report the
information of the ST request failure, according to the
configuration, or upon receiving an NW request. The content
of the SI request failure information maybe 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 maystore 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 includeat least one
of the following: the on-demand SIB(s) requested by UE
102. the on-demand SI message(s) requested by UE 102, the
cell ID (of the cell which UE 102 preforms $1 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., MSG1-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 predetined, 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 NWto know the information
related to SI request failure. lor example, the NW may
determine which cell, SIB(s)/SI message(s), or the related
dedicated preamble mayhave problems. Asa result, the NW
is likely to overcome the problem aflerwards, or the NW
may consider adopting another mechanismfor 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 maytry 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 UF.

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 anidle 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, applyto
the SRBO in some embodiments. In one implementation, the
SI request message (which is an RRC message) maybe the
same for idle, inactive, and connected states, resulting in an
RRCmessage harmonization. The SI request message may
be transmitted on the SRBO withoutintegrity protection and
ciphering, even if the UE is in a connected state, or in an
inaclive stale, where inlegrily protection and ciphering may
have been alreadyapplied.
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In one implementation, the SI request message (which is
an RRC message)that includes no UE ID maybe the same
foridle, inactive, and connected states. The UE maytransmit
the SI request message on the SRBO whenthe UE is in an
idle or an inactive state. The UE maytransmit 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.

Tn one implementation, the SI Request message (which is
an RRC message) may be the same foridle, inactive, and
connected states. The UE may transmit the SI request
message on the SRBO whenthe UEis in an idle state. The
UE maytransmit the S] request message on the SRB1 when
the UEis in an inactive or a connected state. Bothintegrity
protection and ciphering may apply to the SRB1. In an
inactive State, the UE maystill have the VE context and the
NW’s configuration for integrity protection and ciphering.

In one implementation, whether the SI request messageis
transmitted on the SRBO or the SRB1 for a UEinaninactive

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.

Tt may be beneficial to keep the commonality of the SI
Request message with respect to the UEsin different states,

 
 

 
 

 

 

which may lead to simplification of the overall system 2
design in someofthe 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 samefor idle, inactive, and connectedstates. Different
minimum granularity of the requested SI (e.g., SIB-based or
SI message-based) may be considered in connection with the
SI request message. For example, it may be beneficial for the
SI request message to use SI message-based granularity
(e.g., the VE 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
numberof 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 UL’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.

Ditferent implementations regarding the ditferent SIB-
based granularities will be discussed next:

CASE5-1:

In the SI 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 mayuse 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 UF. to
indicate which SI message(s) is requested or which SIB
ID(s) is requested.

CASE5-2:

In the SI 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 mayusea 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 UEto indicate which
SI message(s) is requested or which SIB ID(s)is requested.

CASE5-3:

In the SI Request message, in some ofthe present
embodiments, the UF mayrequest 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 maysend 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 usea 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 bitmapfor the UEto 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 maybe usedfor 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 UF’s ST
request message may be “0100” (which indicates SI mes-
sage#3), and the UE may further optionally append the
second level bitmap “0100” (whichindicates 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.

CASE6: On-Demand SI Request Procedure in an NR-NR
DC Scenario:

A UEin an NR-NR Dual Connectivity (DC) mode may
request one or more required SIBs or one or more SI
messagesfor certain purpose(s) or certain service(s). Several
implementations are described below regarding howthe UL
may request and reecive the required SIB(s) from a second-
ary node (SN)or the serving cells in a secondary cell group
(SCG).

CASE 6-1:
When a UFis in an NR-NR DC mode and one or more

SIBsor one or more SI] messages are required, the UE may
be only allowed to send the SI request message to the master
node (MN) in someof the present embodiments.

VIG.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 shownin diagram 200, in action 210,
UE 102 maytransmit an SI request message to MN 106
when UF. 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 onthe SI
request message. or example, MN 106 may use a signaling
message betweentwo basestations (c.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 maytransmit the required SIB(s) or SI
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message(s) to UE 102 byinitiating serving cell release and
addition action in the same RRC reconfiguration message to
update the SIB(s) or SI message(s) for certain,orall, serving
cell(s). As shown in diagram 200, this RRC reconfiguration
may be transmitted via MN 106or 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 maytransmit
the required SI to 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 maytransmit RRC Reconfiguration with
the required SI to UE 102 (e.g.. via the SRB3). In one
implementation, SN 108 maytransmit 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 32
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 SI Request
message is marked for MN 106, MN 106 maybe responsible
for this S] Request message. On the other hand, if the $1
Request message is marked for SN 108, MN 106 may
forward this message to SN 108 and SN 108 maybe
responsible for this SI] Request message. It should be noted
that UE 102 mayfollow the mimimumSI’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 mayprovide 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 changeaction or release SN 108 for UE 102.

CASE6-2:
Whena UE in the NR-NR DC mode and one or more SIBs

 

 

or SI messages are required, the UF. may sendthe SI request 5
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, 5
UE 102 maytransmit 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, UF 102 may
transmit the SI request message to MN 106 and let MN 106
forward the SI request message to SN 108.

Whensomeorall 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 shownin 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, UF 102
may store the SI request failure information related to SN
108. In action 414, UE 102 maytransmit the SN SI request
failure information to MN 106.

FIG. 5 is a sequence diagramillustrating an example of
the UEreceiving SI] request rejection information in the DC
mode, according to an exemplary implementation of the
present application. As shownin 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 maystore 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 determinesthat the SI request procedure on SN
108 hasfailed (e.g., action 412 in diagram 400 or action 512
in diagram 500), UE 102 mayinform MN 106 of the cause
of SN SI request failure or the informationrelated to SN SI
request failure (e.g., by sending an SN SI Request I'ailure
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
Sl request failure mayincludeat least one of the following:
the required SIR(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 requestfailure or the information
related to the S] request failure, MN 106 mayresolve the SN
S1 request rejection/failure problem. For example, MN 106
may release SN 108 or change SN 108 to a new SN for UF
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 ST message(s) or STB(s) is not
essential for the UE to perform the targeting services.

In one implementation, the UE maystill be fine even ifthe
requested SIB(s) or S] message(s) is not recetved from the
serving node(e.g., ina single connectivity mode) or the MN
(c.g., in dual connectivity modc) (c.g., the requested SIB or
SI message may not beessential). 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 maystill 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 maynot consider the RA problem as a normalradio link
failure, and the UE mayreport the SI failure information to
the MN.For example, when the RA problemis reported and
the upperlayer (e.g., the RRC layer) knowsthat 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 maynot suspendall of the SCG data
radio bearers (DRBs) or SCG transmission for the split
DRBsor the duplication DRBs. Also, the UE may not reset
the MACentity associated with the SCG (or SN).

Tn one implementation, the UE maystill be fine evenifthe
requested SIB(s) or SI message(s) is not received from the
SN(e.g., in a dual connectivity mode). In this scenario, the
UF maynot consider the RA problem as a normalradio link
failure, and the UE maynotreport the SI failure information
to the MN.For example, when the RA problem is reported
and the upperlayer (e.2., RRC layer) knowsthat 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 DRBsor SCGtransmission 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 lowerlayer (e.g., the MAC layer),
it mayalso inform the NASlayer (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 samecell, 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 UL’s implementation, if the
NASlayer(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 maybein
idle, inactive, or connectedstate. In addition, the UE maybe
in a single connectivity mode or a dual connectivity mode.

Tn 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 UI

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 mayperform 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
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one implementation, the error handling procedure may 5
include action 610, in which the UE maystore the SI request
failure information. For example, the SI request failure
information mayinclude one or more parameters used in the
on-demandSI request procedure. In one implementation, the
error handling procedure mayfurther includeat least one of
following: a prohibit timer activation, a cell re-selection
procedure, and a re-establishment procedure.

TG.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 mayalso 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 (L/O) ports,
I/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 configuredto 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,
EPROM,flash memory or other memorytechnology, 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” meansa signal that
has one or more of ils characteristics set or changed in such
a manner as to encode informationin 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 anyof the above
should also be included within the scope of computer-
readable media.

Memory728 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 nol be directly executable by processor 726 bul 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

 

a 

Ex.1002

APPLEINC./ Page 65 of 349



Ex.1002 
APPLE INC. / Page 66 of 349

Case: DeoDimcurmeant gt 4 lisdedAnay EReRape eenABSOMAmeSe

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 beendescribed with specific reference to certain imple-
mentations, a person ofordinaryskill 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 notrestrictive. 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.

Whatis claimed is:

1. A method of an on-demand system information (SI)
request procedure performed bya user equipment (UE), the 2
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 includingat least one
requested systeminformation block (SIB);

activating a prohibit timer; and
transmitting a second SI request message to the BS only

whentheat 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 S] request rejection information.
3. The method of claim 1, wherein when the UF 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, trom the BS, the at least one requested SIB via

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 UL is not in the connected state,

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;

 
dedicated signaling that is transmitted in response to 5

the fourth SI request message including at lcast one 5
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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 UEis in a dual connectivity
mode,

11. A user equipment (UE), comprising:
one or more non-transilory compuler-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-
formoperations for an on-demand system information
(SJ) request procedure, the operations comprising:

transmitting a first SI] request message to a base station
(BS) after determining that the UEis in a connected
state, the first SI] request message includingat least one
requested system information block (SIB):

activating a prohibit timer; and
transmitting a second S] request message to the BS only

whenthe 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 oneofthe following
conditions is met:

a number of times the UE transmits a random access

preamble reaches a threshold; and
the UEreceives SI request rejection information.
13. The UL of claim 11, wherein when the ULis ina dual

connectivity mode, the operations further comprise:
transmitting a third S] request message to a master node

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

14. The UF of claim 11, wherein the first ST request
messageis 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 VEof claim 11, wherein the operations further
comprise:

transmitting a fourth ST request message to the BS after
determining that the UE is not in the connectedstate,
the fourth SI request message including at least one
requested SI message.

17. The UE of claim 16, wherein the fourth SI request
messageis 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 SJ 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 informationis transmitted

to a master node when the UFis in a dual connectivity
mode. 10
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UE

002
Va

capability
power saving indicator

— {True/Support, False/Not support
timer for antenna panel status
— {True/Support, False/Not support}
maximum number of support antenna panels

— fone, two, four or eight}
support indication method
— {True/Support, False/Not support}
require time for antenna panel status switch

—- {1ms, 2ms, 3ms, 4ms}
UE assistance

— {True/Support, False/Not support}
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— Timer for antenna panel states
— length
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UE is configured with multiple 702
sets of parameters corresponding
to different operation modes

704

UE receives a DCI message from BS

UE applies a TCI state indicated 706
by the DCI message

UE applies a KO value corresponding 708
to the antenna panel status
associated with the ICI state
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— tci-—State #1
— qcl—Typet

— referenceSignal
— CSI RS resource#4

— qcl—TypeA
— qcl—Type2

— referenceSignal
— CSI RS resource#5

— qcl—TypeA
— power saving mode

— true

— tci-—State #64
— qcl—Type1

— referenceSignal
— CSI RS resource#4

— qcl—TypeA
— qcl—Type2

— referenceSignal
— CSI RS resource#5

— qcl—TypeA
— power saving mode

— false
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UE is configured with multiple 1202
sets of parameters corresponding
to different operation modes

UE receives a DCI message containing 1e04
a CSI request from BS

UE applies a KO value corresponding 1206
to the antenna panel status
indicated by the CSI request
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Start

UE is configured with 1802
a DRX inactivity timer

UE switches the antenna 1804
panel status based on
the DRX inactivity timer

FIG, 18
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— DRX configuration
— Inactivity timer

— 2ms

— DRX cycle
—- 50 ms

— Antenna panel status
— Power saving mode

—false

— Timer for antenna panel states
— length

— 4 slots
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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)) wircless communication systems. Multi >
Input Multi Output (MIMO)is onc of the key features in the
next gencration wircless 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 ofpropersignaling mechanisms,
the network may not know the current antenna panel status
(c.g., how manyand/or which of the antenna panels of the
user device is turned on/off) at the UEside, resulting in a
reduced scheduling performance.

Hence,there is a need intheart 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 includesa plurality of antenna pancls and
a processor coupled to the antenna panels. The processoris
configured to maintain a plurality of leading time values.
‘Lheplurality of leading time values mayindicate a plurality
of leading time durations. The processor is further config- 5
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 pancl 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.
Theplurality 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 panelstatus 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 ofthe 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 diagramillustrating 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 diagramillustrating a timeline of an
antenna panel status of a wireless communication device, in
accordance with cxample 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 ofthe present disclosure.

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

FIG. 7 is a flowchart for a method ofselecting a sched-
uling offset value based on a ‘lransmission Configuration
Indicator (TCT) 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 cxample 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 diagramsillustrating
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 diagramsillustrating,
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 Mowchart 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 diagramillustrating 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.

TIGS. 16A and 16B are schematic diagramsillustrating
that different triggering offset values are applied for the
changes in an antenna panel status of a wireless communi-
calion device, in accordance with example implementations
ofthe present disclosure.
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FIG. 17 is a schematic diagramillustrating a timeline of
an antenna panelstatus of a wireless communicationdevice,
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 UF, in accor-
dance with example implementations of the present disclo-sure.

FIG. 20 is a schematic diagramillustrating a timeline of
an antenna panelstatus 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 diagramillustrating a timeline of
an antenna panelstatus 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 2
antenna panels, in accordance with example implementa-
tions of the present disclosure.

FIG. 24 is a block diagramillustrating a node tor 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 amongthefigures
may beindicated bylike 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 ofunderstanding,
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 5
other respects, and thus shall not be narrowly confined to
what is shownin the figures.

The descriptionuses the phrases “in one implementation,”
or “in some implementations.” which may each refer to one
or more of the sameor different implementations. The term 5
“coupled” is defined as connected, whether directly or
indirectly through intervening components, and is nol 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 ofA, 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
memoryor other type of storage devices. For example, one
or more microprocessors or general-purpose compulers 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 mediumincludesbut 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, compactdisc 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 LI'E-Advanced Pro system, or a SG 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 [volved
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
mayinclude, but is not limited to, a mobile station, a mobile
terminal or device, a user communicationradio 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 wircless communication capability.
The UEis configured to receive and transmit signals over an
air interface lo one or morecells 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 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-
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A, eLTE(evolved LTE, e.g., LTE connected to SGC), 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.

ABSmayinclude, 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-UTRABSin connection with the 5GC,
a next generation Node B (gNB)as in the SG-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 BSis operable to provide radio coverage to a specific
geographical area using a pluralityofcells forming the radio
access network. The BS supports the operations ofthe cells.
Lach cell is operable to provide services to at least one UE
within its radio coverage. Morespecifically, 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 UEsin the radio communication :

system through the plurality of cells. A cell mayallocate
Sidelink (SL) resources for supporting Proximity Service
(ProSe) or Vehicle to Everything (V2X) service. Each cell
may have overlapped coverage areas with othercells.

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 lowlatency 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 5
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 mayalso 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 powersaving 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 dynamictransition to a powerefficient
mode.In the majority cases of LTE scenarios, sincelittle 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 maybe needed. The dynamic adaptation to
the data traffic may be implementedin 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 maybe 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 UEto setupits antenna panel(s) for providing an indicated
RX/TX beam to receive or transmit data. 'or example, the
leading time for beam switching may be the time period
between the time the UE receives a commandthat 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 TCT 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+3
ms+1), when a Hybrid Automatic Repeat RequestAcknowl-
edgement (HARQ-ACK) (which is corresponding to a
Physical Downlink Shared Channel (PDSCH)whichcarries
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
TCIstate has beenactivated by a MAC-CE,the leading time
for beam switching may have the samestarting 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 ofthefirst symbol of a PDSCH.

In addition, the beam switching delay may affect a UF’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. lor example, the leading time for beam switching
may be two milliseconds (ms) from the time a beam switch
commandis 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 beat least three ms between two consecutive com-
mandsindicating a beam switch. Such time value may be
adjusted if a longer time value is needed. In addition, from
the time the UL receives the beam switch command to the

time the UE switches its beam/antenna panelstatus, the UE
maystill use the active Rx beam for data reception, and there
may be no interruption in the communication with the BS
(e.g., a ZNB).
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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 maybereferred 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/OFFstate of each antenna panel 102, 104, 106
and 108 maybe switched by the wireless communication
device 100. Depending on the ON/OFFstate of cach 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 ofthe antenna panels 102,
104, 106 and 108 may be determinedasa first antenna panel
status ifonly 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 panelstatus if all of the antenna
panels 102, 104, 106 and 108 are tumed 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 intendedto limit the scope :
ofthe 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 ofthe wireless communication device may be defined
arbitrarily based on the ON/OFFstates and/or the numberof
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 ta 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 ume
the UE actually needs. As the leading time becomeslonger,
the efficiency and flexibility of the UR’s operations mayget
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 (RANI1’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 assumethat the
TCI field is present in the DCI format 1_1 (which 1
transmitted over the PDCCH of the CORESET). On the
other hand, if the tci-PresentInDCI JE is not configured for
the CORESET (or the tci-PresentInDCI IE is set to “dis-
abled”), or the PDSCII is scheduled by a DCI format 1_0
(c.g., for determining the PDSCH antenna
UE mayassumethat the TCIstate applied for receiving the
PDSCHisidentical to the TCIstate applied for receiving the
PDCCHofthe CORESET.In addition, ifthe tci-PresentIn-
DCTIE 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 assumethat the antennaports of
one Demodulation Reference Signal (DM-RS)port group of
a PDSCHofa 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 bereferred 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 valuc configured for a
UE that includes only one antenna panel (or a single-
anlenna-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-RSreceptions, the UE may need
to followthe aperiodic slot triggering offset configured in the
SRSresource set configuration and the CSI-RS resource set
configuration, respectively. Considering that a longer lead-
ing time maybe 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 solvethis 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-
RStransmissions may be needed.

In addition, for SRS transmissions, a UE may be config-
ured to switch ils antenna panel status for a sounding
procedure for a DL CSI acquisition. If the UE 1s configured
with a higher layer parameter such as “SRS-SetUseusage (or
SRS-usage)” in an SRS resourceset (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 UL’s capa-
bility: ITX2RX, 2TX4RX, 1TX4RX, 1TX4RX/2TX4RX,
and TX=RX. The BS mayconfigure the UEs having differ-
ent capabilities with different number of SRS resource sels
which contain different SRS resources. For example, for a
UEconfigured with the 1TX2RX configuration, the BS may
configure one SRSresource set which maycontain two SRS
resources. Since the UE needsto 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 numerologyof the SRSresource.
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 UEto perform antenna
switching maybe 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 minimumrequired 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 cannotfulfill the leading time requirement, the UE
may not be able to transmit/reccive the RSs/channel suc-
cessfully. In some implementationsofthe present disclosure,
the leading time may berelated 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 mayhaveits 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 mayreport 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
manyantenna pancls at the UEare used/active/turned on in
a particular time period.

 
  
 

 

 

In some implementations of the present disclosure, an 2
indicator for antenna panel status may be transmitted bythe
BS to indicate to a UL whether to enable/disable a power
saving mode or a normal power consumption mode. In the
power saving mode, the UE mayturn on a smaller number
of antenna panels than that in the normal power consump-
tion mode. For example, the UE may tur 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 numberof 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 mayenter 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 mayinclude a
single-bit IK. ‘he UE mayenable the power saving mode

 

 

 

when the single-bit IF is set to a first value, and disable the 5
 power saving mode whenthe 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 maybe less than
that when the power saving mode is disabled.

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

In some implementations of the present disclosure, the
indicator for antenna panelstatus 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
UEis instructed by the BS to perform data reception using
multiple antenna panels when the UEis in the powersaving
mode, the UE mayneed 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 antennapanelstatus of the UE. In some implementations
of the present disclosure, the antenna pancl status may be
used for indicating, explicitly or implicitly, how many, or
which, of the antenna panels of the UEare turned on (or
active, or able to transmit and receive data), and/or how
many, or which, of the antenna panels of the UF 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
powersaving mode or the normal power consumption mode
based on whether the UE operates in a particular BWP. For
example, when the UEoperates on a default, an initial, or a
first active DL/UL BWP, the UE may always enable the
normal power consumption modeor the power saving made.

In some implementations of the present disclosure, before
the UEreceives an RRC configuration/a MAC-CE mes-
sage/a DC] 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 modeor the normal power consumption modefor 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 panelstatus is set to a second value(e.g.,
the bit value “1°), the UE mayturn 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 pancls 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/mactive, or set as “O1” 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 hereinis used to indicate to the UEto
turn ona particular numberofantenna panels, there are other
ways to use the indicator for antenna pancl status in some
implementationsof 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 numberofbits, 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 thal contains the indicator for antenna
panel status may be an independent IE configured per
UF-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 onlyexist in the FR2.

In some implementations of the present disclosure, the
UE maychoosea leading lime for beam switching based on
the antenna panel status. For example, during an RRC
reconfiguration period, or before the UE receives the first
RRCconfiguration (e.g., while the UE attempts to establish
an RRC connection after a successful initial access, or while
the UE performs aninitial access procedure), the UE may
applya default value of the leading time. Such default value
may be predefined in the 3GPP technical specification (c.g.,
“3 ms” defined in NR Release-15) and determined as the

 

 

UE’s capability for beam switching in the power saving 2
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 UEthrough an RRC configuration (e.g., powerPrefindi-
cationConfig), and the UE maytransmit or report the current
antenna panel status to the BS via another indicator(e.g.,
powerPrefindication). For example, the UF maytransmit 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 beamreport or a Channel
State Information (CSI) report. In some implementations of
the present disclosure, the antenna pancl status report may
include a single-bit JE. The UE mayset the single-bit IE to
a first value to indicate that a power saving modeis enabled
and set the single-bit [E to a second valueto indicate that the
powersaving modeis disabled. In some implementations of
the present disclosure, the antenna panel status report may
include a multiple-bit IE. The UE mayset 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 ofthe present disclosure,

 

 

 

 

the BS mayconfigure the UF with a prohibit timer to prevent 5
the UE from reporting the antenna panel status too fre-
quently. The prohibit timer may be used whenthe UEreports
the antenna panel status to the BS through the RRC message
(s), MAC-CI, massage(s) or DCI message(s). In some 

implementations of the present disclosure,the prohibit timer 5
maystart at the first subframe/sloOFDM symbolafter the
UE reporis 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 ofthe UE.In addition, in some implementations of the
present disclosure, the UE maynot 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 maystart whenthe 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 (c¢.g., transi-
tioning from the power saving mode to the normal power
consumption mode). In some implementationsof the present
disclosure, the prohibit timer may be configured separately
for different kinds of power preference transitions.

In some implementationsofthe 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
(c.g., which is called a “MAC-CEapproach”). 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 ofthese four antenna
panel statuses. In addition, the BS may assume that the UL
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 panclstatus.

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

In some implementations of the present disclosure, after
the UE receives the RRC configuration, but before receiving,
a MAC-CE massagefor 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 maybe collected inalist of
entries. For example, each of the entries mayrefer 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 mayrefer to the first entry
(e.p., the entry indexed by “O”) in the list of entries in the
RRCconfiguration. In some implementations of the present
disclosure, the default valuc of the leading time mayrefer 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 numberof 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-CEmassage:a cell Identity (ID), a BWP ID, and an
indicator for antenna panel status. The UE mayapply an
antenna panel status indicated by the MAC-CE message
after the UE transmits an HARQ-ACKto the BS.

In some implementationsofthe present disclosure, the BS
may configure multiple antenna panelstatuses to a VE via an
RRCconfiguration, and the BS may indicate one of the
multiple antenna pancl statuses through a DCI message
(e.g., which is called a “DCI approach’). For example, if the
UEis 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 UEto indicate to the UEto use oneof 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 ime
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 mayreferto thefirst
entry of the multiple antenna panel statuses in the RRC
configuration(e.2., 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. 'or
example, the BS may configure 16 antenna panel statuses in
an RRCconfiguration, and the BS may transmit a MAC-CE
massage to select four of these 16 antenna panel statuses in
the RRC configuration. ‘he BS may further transmit a DCI
message to indicate to the UE to use one ofthe fourselected
antenna panel statuses.

 

 

 

In some implementations of the present disclosure, irre- 2
spective ofwhere 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 TC]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 TC] states in an RRC configura-
tion, or a DCI message, may be expanded since the BS may
need more TC] 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 TCIstate #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/channelis
configured with a TCI state (e.g., the TCI state #64) for
multiple antenna panels, the UE mayattempt to receive/
transmit the DI/UI RS/channel based on a leading time for 5
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 mayconfigure the UE with multiple TCIstate tables. 5
The numberof entries in each TCI state table may be the
same or different. The UE may select a specific TCI state
table trom these TCI state tables based on a MAC-CE

massage (e.g., used in the MAC-CE approach) or a DCT
message (e.g., used in the DC] approach). For example, if
the UEreceives a DCI message which contains an explicit
bit (e.g., used as an indicator for antenna panel status) for
indicating the UL to enable the power saving mode, the UE
may attempt to reccive the PDSCH using a single antenna
panel, instead of using multiple antenna panels. In addition,
the UE mayfurther apply a leading time corresponding to
using the single antenna panel.
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In some implementations of the present disclosure, a
timer maybe used to determine the switch of the antenna
panel status. For example, the UE mayreceive a timer from
the BS and switch the antenna panel status from a first
antenna pancl status to a second antenna panelstatus after
the timer expires. For example, when the timer expires, the
UE maytransition 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 UF turns on N1
antenna panel(s), where N1 is less than N2). In another
example, the UE maytransition 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
UEenters a DRX off-period/sleep mode.

FIG.2 is a schematic diagramillustrating a timeline ofthe
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, a timer for antenna panel
status may (re)start at the first symbol after the end of the
PDCCH. Asshownin 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 UF receives the indicator for antenna panel status
from the PDCCH 202 and the time the UEactually turns on
the N2 antenna panels. The time gap 21 mayreflect 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 maystart the timer for antenna panel statusat the first
symbol after the last symbol of the PDCCH 202 monitor
occasion. Also, the UE mayfurther receive a PDSCH 204
scheduled by the PDCCH 202 in the sameslot # n.

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

In some implementations of the present disclosure, if the
UEis instructed by the BS to operate in the power saving
mode, the timer may notstart. In addition, the indicator for
antenna panel status may be implemented as any implicit/
explicit data structure. For cxample, 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 maystart at different time
points, as shown in FIGS. 3 and 4.

FIG.3 is a schematic diagramillustrating a timeline of the
antenna panel status of a wireless communication device
(c.g., a UE), in accordance with example implementations of
the present disclosure. In the present implementation, the
timer for antenna panel status maystart at the first symbol
after the end of a PUCCH.As shownin FIG.3, in the slot
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# n, the UE receives anindicator for antenna panelstatus via
a DCI message whichis transmitted over a PDCCH 302. The
UE mayfurther receive a PDSCH 304 which is scheduled by
the PDCCH 302 in the sameslot # n.

The indicator for antenna panel status mayindicate to the
UE to switch from a power saving mode (in whichthere 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
PDCCH302 and the lime the UEactually turns on the N2
antenna panels. As described above, the ume 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 deemedas the
leading time for beam switching of the UE.

In the present implementation, the UE maystart the timer
at the first symbol after the last symbol of a PUCCH 306

 

 

monitor occasion. Similar to the implementations provided 2
with reference to FIG. 2, before the timer expires, the BS
may assume that the UE may keep the antenna panelstatus
indicated by the PDCCH 302, or applied for the PDSCH
304. Once the timer expires, the BS mayassumethat the UE
may return to the power saving mode. As shown in FIG. 3, 2   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., 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 mayreceive anindicator for antenna panel status
via a DCI message which is transmitted over a PDCCII 402.
The UE mayfurther reecive a PDSCH 404, which is
scheduled by the PDCCH 402 in the sameslot # 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 mayindicate to the
UE to switch from a power saving mode (in whichthere 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
PDCCH402 and the time the UEactually turns on the N2
antenna panels. As noted above, the time gap 41 mayreflect

 

 

 

the time required for the UF to turn on the antenna panel(s). 5
In addition, the time gap 41 may be deemed as the leading
time for beam switching of the UE.

As described above, the UE maystart the timerat the first
symbolafter the last symbol of the PDSCTI 404. Before the 
timer expires, the BS may assumethat the UE may keep the 5
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 shownin 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 timeslot or an
OFDM symbol, the numerology of the ime unit may be
determined based on the PDCCH whichcarries the sched-
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uling information, or based on the PDSCH/RSs/PUSCH/
PUCCHwhich 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 mayfollow the
most recently received indicator for antenna panels status
(e.p., contained in a DCI message, a MAC-CE massage, or
an RRC configuration) from the BS to determine the antenna
pancls 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 assumethat the UEis in the powersaving
mode. Hence, the BS may assumethat a longer leading time
may be adopted by the UE, and the BS may determine a
scheduling offsct 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 maynotbe suitable for a situation where the UF.
needs a longer leading time for beam switching. Although
the BS mayconfigure the UE with a scheduling offset that
is long enoughto fulfill various leading times ofdifferent
antenna panelstatuses, such a configuration may cause some
scheduling restrictions(c.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 DI/UT,
channel/RSs may be configured with one or more additional
scheduling/triggering offset values for the situations where
the UE mayneedto apply a long leading time value for beam
switching, such as a PDSCII 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 UL mayapplya first scheduling offset value for a normal
leading time case (c.g., in which the UE maynot 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 mayneed 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 mayreceive a plurality of scheduling offset values (e.2.,
including the first scheduling offset value and the second
scheduling offset valuc) from the BS. Each ofthe 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 VE mayreceiveafirst DC] message for setting
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the antenna panel status to a first antenna panel status. In
response to receiving the first DC] message, the UE may
applythe 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 messagefor switching the antenna panelstatus from the
first antenna panel status to a second antenna panel status.
For example, the second DCI message may include an
indicator for antenna panelstatus information. In response to
receiving the second DCI message, the UE mayapply 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, cach
DL/UL channel/RS mayhave 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. ‘lhe UE may
select one of these scheduling offsct 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 (KO) may be indicated as X2 slots for the long leading
time case. The UF, mayselect one of the scheduling offset
values based on the indicator for antenna panelstatus.

In some implementations of the present disclosure, the
UE mayreceive 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 (¢.g., a PDSCH) and a K2
parameter/value for a UL channel (e.g., a PUSCH). If the
time duration indicated bythe scheduling offset value is less
than the leading time duration indicated by a selected
leading time value, the UF mayfurther 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. [or example, when the UL
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- 5
mission maybe associated with another scheduling offset
also for the normal leading time case (e.g., a KO value for
determining a PDSCHreception offset).

In contrast, when the UL operates in the power saving
mode, both the PUSCHtransmission 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 UF’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 Icading time case, where the first
scheduling offset value and the second scheduling offset
value maybe different. In some of the present implemen-
tations, all of the DL/UL channels/RSs maybe 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 PUSCHtransmission 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 UEto 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 wayis to reuse the
reserved bit field of an TE contained in the CSI report. In
addition, the UE maytransmit a CSI parameter to the BS for
reporting the antenna panel status. The CST parameter may
include at least one of a Precoding Matrix Indicator (PMI),
a Channel Quality Indicator (CQI), a Rank Indication (RI),
a Layer Indication (LID, 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 maybereferred to as the UE
assistance information. In some implementations of the
present disclosure, the UE may transmit the VEassistance
information to the BS if the UF 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 UEassistance 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-RSRPreport quantized table is shownas
follows:

 

 

 

 

TABLE 1

Bits RSRP range
QQ00000 RSRP = -44 dBm
gooouel -44 dBm > RSRP = -45 dBm
9000010 -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 numberof 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 mayassumethat the UEis in the power saving
mode.

In some implementations of the present disclosure, if the
UEis configured to perform a group-based beamreporting
procedure(e.g., in which the UF mayreceive signals simul-
taneouslyvia a group ofRX beams), the antenna panel status
of the UE maybe indicated by an L1-RSRPrelated value
(e.p., areserved L1-RSRP value and/ora specific differential
L1-RSRPvalue). For example,if the bit field for the largest
L1-RSRPvalue is a reserved valuc(¢.g., 1100011”) and the
differential L1-RSRP valueis a special value (e.g., “0000”),
the BS may assumethat the UEis in the powersaving mode
or in a specific antenna panel status, as shown in Table 1.

Ex.1002

APPLEINC./ Page 110 of 349



Ex.1002 
APPLE INC. / Page 111 of 349

4SiSdoAtayERadaeSAd ARSAgeMLERS

US 10,972,972 B2
19

In some implementations of the present disclosure, the BS
may assumethat the indicated antenna panelstatus will be
applied by the UE from thefirst 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 maystart at the first symbol after the end ofthe slot at
which the UCI or the PUSCH of the MAC-CE massageis
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/SSBby 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 ofthe 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 mayreport multiple sets of CSI parameters to the BS.
For example, among the multiple scts of CSI parameters,
oneset of the CS] parameters mayinclude CSI parameter(s)

 

 

received and obtained through a single antenna panel, while 2
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 UF
discontinuously monitor/receive the PDCCH to reduce the
power consumption of the UE. However, when performing
the DRX operation, the UE maystill 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.

In some implementations of the present disclosure, a UE
may decide to operate in the power saving mode when the
UEis in a DRX off-duration or a DRX inactive period. For
example, a UE mayenable 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 UL 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 modeis independent
of the DRX operation. For example, a UE mayonlyfollow

   

  

the indicator for antenna panel status received from the BS, 5
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 i the power saving mode may be
determined based onthe length of a DRX cycle (¢.g., atime 5
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 betweenthe threshold and the length of
the DRX period. For example, if the threshold is 50 ms and
the UEis 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 mayenable the powersaving
antenna status because the length of the DRX period (60 ms)
is greater than the threshold (50 ms). This threshold maybe
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predefined in the 3GPP technical specifications or config-
ured by the BS via an RRCsignaling.

In some implementations of the present disclosure, the
UE mayassumethatit will not operate in the power saving
modeif the UEis in the active time. For example, the active
time mayinclude the time while: 1) a specific timer (e.g.,
drx-onDurationTimer or drx-InactivityTimer or drx-Re-
transmissionTimerDL or drx-RetransmissionTimerULorra-

ContentionResolutionTime) is running; or 2) a scheduling
request is sent on a PUCCHandis pending; or 3) a PDCCH
indicaling a newtransmission addressed to the Cell Radio
Network Temporary Identifier (C-RNTDof the MAC entity
has not been received after successful reception of a random
access response for the randomaccess 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
UEis configured with a timer for antenna panelstatus, this
timer may be affected by the DRX inactivity timer, because
from the UL’s perspective, whether to operate in the power
saving mode maybe related to the DRX operations. For
example, when the DRX inactivity timer expires while the
timer for antenna panel statusis still running, the UE may
switch to the DRX off duration and enable the powersaving
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 mayinform 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 numberofparam-
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 maybeset as “true/support” or
“false/nol support’’), 4 maximum numberof 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 panelstatus 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 ofthe timer for antenna panel status to
the UF, 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 F'IG. 6, a configuration 602 may indicate
that the length/duration of the timer for antenna pancl 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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PDSCHreception may be selected based on an indicator for
antenna panelstatus (e.g., contained in a TCIstate) from the
BS.

FIG. 7 is a flowchart for a method ofselecting a sched-
uling offset value based on a TCI state indicated bythe 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). lor example, the UE may be configured
with two different lcading time values. One leading time
value may be 10 us, and the other one may be 3 ms. As noted
above, the UE mayapplya first leading time when the UE
needsto turn ona first numberofantenna panel(s), and apply
a secondleading time when the UF needsto turn ona 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 ts, 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, maybe applied in the casethat 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 maybe predefined in the 3GPP
technical specifications or configured by the BS via an RRC
signaling. In addition, the UE maybe configured with a set
of KO valuesin the pdsch-TimecDomainResourceAllocation-
List IE of an RRC configuration. An example of the KO
configuration is as follows.  

TABLE2

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 TCIstate(s) in the RRC
configuration, and each of the TCI state(s) may be associated
with a particular antenna panelstatus.

 

FIG. 8 is an example data structure indicating TCI state 5
configuration, in accordance with example implementations
of the present disclosure. As shown in FIG. 8, a TCI state
configuration 802 includes 64 TC]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 maybe configured by the BSto 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 whichis set as “true”to indicate to the UE
to cnable the power saving mode.

Tt should be noted that the parameter values, data formats,
and configurations provided herein are for illustrative pur-
poses only, and not intendedto limit the scope ofthe 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 panelstatus associated with the TCI state.

FIGS. 10A and 10B are schematic diagramsillustrating
timelines of the antenna panel status of a wireless commu-
nication device (e.g., a UE), in accordance with example
implementationsof the present disclosure. It should be noted
that the timeline of FIG. 10B is continued fromthat 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 maybe the numberofthe antenna panels the VE
has.

As shownin FIG. 10A, the UE mayreceive and decode
a first DCI message DCI_1 which is transmitted over a
PDCCH 1002 inthe slot # n. The first DC] message DCI_1
may indicate to the UE to apply a particular TCIstate (e.g.,
the TCIstate #1 contained in the TCIstate configuration 802
in FIG. 8) for a scheduling PDSCH 1004. According to FIG.
8, because the TC] state #1 includes a power saving mode IL
whichis 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 UF 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
needsto turn onat 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 mayrefer 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., 0 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 PDSCII

1004, the UE may transmit a HARQ-ACK over a PUCCH
1006 in the slot #n+1 based on the HARQ resource indicator
(ARI) containedin the first DCI message DCI_1. Then, the
UE may further receive and decode a second DC! message
DCL2whichis transmitted over a POCCH 1008in the slot
# m. In this example, the second DCI message DCI_2 may
indicate to the UEto apply the TCIstate #64 for a scheduling
PDSCH 1010. According to FIG. 8, because the TC] state
#64 includes a power saving mode IL which is configured
with a “false” valuc, 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 onby 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 mayapplya long
KO value for receiving the PDSCH 1010. For example, the
UE mayrefer to the KO configuration in Table 2 to apply a
long KO value (e.g., 4 slots) contaimed in the row entry which
is indexed by “15” and associated with the TC] state #64.
Once the long KO value(e.g., 4 slots) is applied, the VE 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 maytransmit 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 mayreceive and decode a third DCI

message DCI_3 whichis transmitted over a PDCCH 1014 in
the slot # m+7. In this example the third DCI message
DCI_3 mayindicate to the UE to apply the same TCIstate
#64 as indicated in second DCI message DCI_2 for a
scheduling PDSCH 1016. Although the TCI state #64 may
indicate to the UEto 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 docs
not need to further turn on an antenna panel at this moment,
and the UE mayapply the normal KO value (e.g., 0 slot) to
determine when to receive the PDSCH 1016 (e.g., in the
same slot #m+7 as the PDCCII 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
DCL3, as shown in FIG. 10B.

An illustrative cxample (denoted as Example 1-2) will
now be provided, where the scheduling offset value(e.g., KO

 

 

 

value) for PDSCH reception maybe selected based on the 2
TCI state and the timer for antenna panel status.

In Example 1-2, the UL maybe further configured with a
timer for antenna panelstatus 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 numerologyofthe timer for antenna panel status may be
determined based on the scheduling PDSCHofthe active
DL BWP.

TIGS. 11A and 11B are schematic diagramsillustrating
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 fromthat of FIG.

1A. 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 maybe
“1” and N2 may be the numberofthe antenna panels the UE
has.

As shownin FIG. 11A, the UE mayreceive and decode
a first DCI message DCI_1 which is transmitted over a
PDCCH1102 in the slot # n. The first DCI message DCI_1

 

may indicate to the UF to apply a particular TCT state (e.g., 5
the TCIstate #1 contained in the TCIstate configuration 802
in FIG. 8) for a scheduling PDSCH 1104. According to FIG.
8, because the TCIstate #1 includes a power saving mode JE
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 modebefore receiving the first
DCI message DCI_1, the VE mayrefer 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
PDSCII 1104 in the sameslot as the PDCCII 1002, as shown
in FIG. 1A.

After successfully receiving and decoding the PDSCH
1104, the VE may transmit an HARQ-ACK over a PUCCH
1106 intheslot # n+1 based on the ARI containedinthefirst
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DCI message DCI_1. Then, the UE mayfurther receive and
decode a second DCI message DCI_2 whichis transmitted
over a PDCCH 1108 in the slot # m. In this example, the
second DCI message DCI_2 mayindicate to the UE to apply
the TCI state #64 for a scheduling PDSCH 1110. According
to FIG. 8, because the TCIstate #64 includes a power saving
mode JE which is configured with a “false” value, the TCI
state #64 may indicate to the UEto receive the scheduling
PDSCH 1110 in the normal power consumption mode, in
which there are N2 antenna panels turned on by the UE. As
noled above, because the UE needs to tum on a numberof
anlenna panels to enter the normal power consumption
mode, the UE mayapply 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 whichis 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 shownin FIG. 114A.In addition, the
timer for antenna panel status maystart at the end ofthe slot
# m+4.

After successfully receiving and decoding the PDSCH
1110, the UE maytransmit 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 inthe slot # m+9. The third DCI message DCI_3 may
indicate to the UE to apply the [CIstate #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 mayindicate to the UE to receive the PDSCII
1116 in the normal power consumption mode. Because the
UEneedsto turn on at least N2-N1 antenna panels to switch
from the power saving mode to the normal power consump-
tion mode, the UE mayapplya 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 maytransmit an ITARQ-ACKinthe slot # k based on the
ARI in the scheduling DCI (c.g., the third DCI message
DCL3), 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 maybe selected based on a
CSI request from the BS.

FIG. 12 is a flowchart for a methodofselecting 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 maybe configured with multiple
sels of parameters corresponding to diferent 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 maybe 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 (c.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 CS] 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-ResourceSel) 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 maybefurther configured in the
power saving mode based onaninitial 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 maybe, 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 UL 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, anda 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” maybe
used. for indicating ta the UL to enable/disable the power
saving mode. For example, the UE maybe indicated to
enable the power saving mode whenthe controlbit 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., “O”). 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).

TIG. 15 is a schematic diagram illustrating that different
triggering offsct valucs (c.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 whenthe UE is in the power saving mode andis
N2 when the UEis the normal power consumption mode,
where N1is less than N2. For example, N1 may be “1” and
N2 may be the number of the antenna panels the UE has.

As shownin FIG. 15,in the slot #n, the UE may reccive
a first DCI message DCI_1 which is transmitted over a
PDCCH 1502, and oblain a MAC-CE message (e.g., the
MAC-CE message 1402 in FIG. 14) based onthe first DC]

 

 

message DCI_l. The MAC-CE message may include an 5
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
DCIL_1 and transmit a HARQ-ACKover a PUCCH 1508 for
the MAC-CE messagein the slot # n+5.

In this example, the UE may receive a second DCI
message DCI_2 which1s transmitted over a PDCCH 1506 in
the slot #n+1. The second DCI message DCI_2 maycontain
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-RSresource, 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 needsto turn onat least
one antenna panel in response to the indicator for antenna
panel status reccived from the BS. Thus, in this example, the
UE may applya long triggering offset value (e.g., aperiod-
icTrigzeringOMset) for the CSI request to switch from the
powersaving modeto 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 DC|_3 whichis transmitted over a POCCH 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 bythe BS (e.g., through the QCL
information whichis associated with the CSI-RS resource),
the UE maydecide to apply a normaltriggering offsct valuc
(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 mayreceive 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 timerfor antenna panelstatus.

In Example 2-2, the UE may be further configured with a
timer for antenna panelstatus 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 ofthe timer for antenna panel status may be
determined based on the scheduling PDSCH of the active
DL BWP.

FIGS. 16A and 16B are schematic diagramsillustrating
that different triggering offset values (e.g., KO values) are
applied for the changes in the antenna panel status of a
wircless communication device (c.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 UF is NI when the UF1s in the power
saving mode and is N2 when the UEis the normal power
consumption mode, where N1is less than N2. For example,
N1 maybe “1” and N2 may be the number of the antenna
panels the UL has.

As shownin FIG. 16A,in the slot # n, the UE mayreceive
a first DCI message DCI_1 which is transmitted over a
PDCCH 1602, and obtain a MAC-CE message (e.g., the
MAC-CEmessage 1402 in FIG. 14) based onthe first DCI
message DCI_1]. The MAC-CE message may include an
indicator for antenna panelstatus (e.g. the control bit of the
MAC-CEmessage 1402 in FIG. 14) that may indicate to the
UEto operate in the normal power consumption mode. The
UE may monitor a scheduling PDSCII 1604 based on the
first DCI message DCI_1 and transmit an HARQ-ACKover
a PUCCH 1608 for the MAC-CEmessagein theslot # n+5.

In addition, the UE may receive a second DCI] message
DCIL_2 whichis transmitted over a PDCCH 1606inthe 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 mayapply 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 Gime slot afler

the slot /m+1. In this example, the timer for antenna panel
status mayalso start at the beginning of the slot #n+7.

Referring to FIG. 16B. The timer maythen expire at the
end of the slot n+10, and the UE mayswitch from the normal
power consumption mode to the power saving mode. In
addition, the UE may then receive a third DCI message 

DCL_3 whichis transmitted over a PDCCH 1610 inthe slot 2
# m, where m>n+10. lhe third DCI message DCIL3 may
contain a CS] requestfor triggering an aperiodic CSIreport,
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 ofthe UE, the UE may decide to applya 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). ‘hus, as shownin
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.

Anillustrative example (denoted as Example 3-1) will
now be provided, where a UL mayindicate its antenna panel
status through at least one explicit bit in a CSI report.

FIG. 17 is a schematic diagramillustrating 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
UEis in the power saving mode and is N2 when the UE is
the normal power consumption mode, where N1is less than
N2.

Tn this example, the UE maybe 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. ‘he contiguration of the timer for

   
 

 
 
 

 

 

 

 
antenna panel status may be, but not limited to, the con- 5
figuration 602 shownin 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 PDSCII of active DL BWP.

 Referring back to FIG. 17, the UE may use N1 antenna 5
panel(s) to receive a CSI-RS #1 for calculating a CSI report
whichis to be transmitted over a PUCCH 1702in the slot #

n. Hence,the bit field in the CSI report maybeset toafirst
value (e.g., “1”) to indicate that the UF 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 PUCCII 1704
in the slot # n+20,thebit 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 maybe
switched based on a DRX operation.

FIG. 18 is a flowchart for a method for determining the
antenna pancl 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
shownin FIG. 18, in action 1802, the UE maybe 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
DRXinactivity tumer 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 ONslate.

In Example 4-1, the UE may be configured with a DRX
period and a timer for antenna pane!status. In addition, the
BS mayindicate 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 panelstatus is fourslots.

FIG. 20 is a schematic diagramillustrating a timeline of
the antenna panelstatus 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
UEis in the power saving mode and is N2 whenthe UEis
the normal power consumption mode, where N1 is less than
N2.

As shownin FIG. 20, the UE mayreceive 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
panclstatus,if the DCI message is used for indicating to the
UE to operate in the normal power consumption mode.
Then, if the mer for antenna panel status is going to
stop/expire at the beginningofthe 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 maybe
switched based on a DRX operation.

In Example 4-2, the UF 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 shownin
TMG. 21.

FIG. 21 is an example data structure indicating an RRC
configuration for the UE, in accordance with example imple-
mentalions of the present disclosure. As shown in FIG. 21 an
RRCconfiguration 2102 may include a DRX configuration

 

 

 

 

 

Ex.1002

APPLEINC./ Page 116 of 349



Ex.1002 
APPLE INC. / Page 117 of 349

  2-OHETASret
 
SPSOG©BaeSalilay Paesace

US 10,972,972 B2
29

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 (c.g., with a “Falsc”
value).

FIG. 22 is a schematic diagram illustrating a timeline of
the antenna panelstatus of a wireless communication device
(e.g., a UF) 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 numberof turned-on/active antenna panels at the UE is
N1 when the UEis in the power saving mode, and is N2
when the UEis the normal power consumption mode, where
N1is less than N2.

As shown in FIG. 22, the UE mayatfirst 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 recetve a PDCCH in the DRX on-duration (at
whichthe UEis in anactive 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 2
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
applyone of the plurality of leading time values to switch an
antenna panelstatus of the plurality of antenna pancls based
on the received indicator for antenna panel status informa-
tion.

FIG. 24 is a block diagramillustrating a node tor 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 mayalso include an
RFspectrum band module, a BS communications module, a
network communications module, and a system communi-
calions management module, Input/Output (1/O) ports, I/O
components, and power supply (not explicitly shown in FIG.
24). Each of these components may be in communication 5
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 [IGS. 1 through 23.

The transceiver 2420 having a transmitter 2422 (c.g.,
transmitting/transmission circuitry) and a receiver 2424
(e.g., receiving/receplion circuitry) may be configured to
transmit and/or receive time and/or frequency resource
partitioning information. In some implementations, the
transceiver 2420 maybe 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 maybe configured to receive
data and control channels.

The node 2400 may include a variety of computer-
readable media. Compuler-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 computerstor-
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 memorytechnology, 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 compuler-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” meansa signal that
has one or more ofits characteristics set or changed in such
a manner as to encode informationin 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 ofanyofthe above
should also be included within the scope of computer-
readable media.

The memory 2434 mayinclude 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 memoryincludes 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 anintelligent 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 mayalso 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.

Oneor 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 oneofthe plurality ofleading 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 fromthe 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

determinethat the scheduling offset value is invalid, when
a time durationindicated bythe 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 fromafirst 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 panelstatus 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 (IF), and the processor is further
configured to:

set the single-bit IEto 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 modeis disabled,

wherein a total number of turned-on antennapanels in the
plurality of antenna panels when the power saving
modeis enabled is less than a total number ofturmed-on

antenna panels in the plurality of antenna panels when
the power saving modeis 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 tumed on.
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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 whenthe single-bit IE is set
to a first value: and

disable the power saving mode whenthe 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
modeis enabledis less than a total number of turned-on

antenna panels in the plurality of antenna panels when
the power saving modeis disabled.

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 ofthe 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 informationis
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 panelstatus fromafirst antenna panel
status to a second antenna panel status in response to
receiving the indicator for antenna panel status infor-
mation; 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.

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

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

disable the power saving made whenthe 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
modeis enabledis less than a total numberof turned-on

antenna panels in the plurality of antenna panels when
the power saving modeis 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 numberofturned-on antenna panels in the plurality
of antenna panels when the power saving mode is

0 enabled is less than a total numberofturned-on antenna

panels in the plurality of antenna panels when the
power saving, modeis disabled; and

the particular BWP is one of a default BWP, an initial
BWP, andafirst 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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maintainingaplurality 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 onthe 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 offsct value is invalid,
whena time duration indicated by the scheduling offset
value is less than a leading Gime 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 panelstatus after the
timer expires.

17. The method of claim 16, whercin 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

BSof 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 beamreport and a
Channel State Information (CST) 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 valueto indicate that
the power saving mode is disabled;

wherein a total number of turmed-on antenna panels in the
plurality of antenna panels when the power saving
modeis enabledis less than a total numberofturned-on

antenna panels in the plurality of antenna panels when
the power saving, modeis 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 JE 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 whenthe single-bit IE is
set to a first value; and
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disabling the power saving mode whenthesingle-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
modeis enabledis less than a total numberof turned-on

antenna panels in the plurality of antenna panels when
the power saving modeis 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 numberof 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 pancl status to a third antenna panel
status without further reception of an indicator for
antenna pancl 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
modeis enabled is less than a total numberoftumed-on

antenna panels in the plurality of antenna panels when
the power saving modeis 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 tumed-on antenna panels in the plurality
of antenna panels when the power saving mode is
enabled is less than a total numberofturned-on antenna

panels when the power saving modeis disabled; and
the particular BWP is one of a default BWP, an initial

BWP,anda 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/Recetve Point (TRP) operations.

BACKGROUND

Various efforts have been made to improve different
aspects of wircless communications(c.g., data rate, latency, 2
reliability, mobility, etc.) for the next generation(e.g., Fifth
Generation (5G) NewRadio (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 samecell Identity ID), which means
a User Equipment (UE) may notbe able to distinguish these
TRPsfromeach other tf 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-transilory
computer-readable media having computer-executable

 
instructions embodied thereon and at least one processor 5
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 DMRSport 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
PDCCHdetermining multiple PDSCHs, where the TCI state
data is associated with a multiple DMRSport groups. The
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method further includes obtaining, by the UE, multiple QCL
assumptions for receiving the PDSCHsbased on the DMRS
port groups associated with the TC] state data.

 
BRILI DESCRIPTION OF TITE DRAWINGS 

Aspects of the present disclosure are best understood from
the following detailed description when read with the
accompanying figures. Various features are nol drawn to
scale. Dimensions of various features may be arbitrarily
increased or reduced for clarity of discussion.

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

VIG. 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
PDSCHsdetermined from a single POCCH, 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.

VIG. 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 amongthe figures
maybeindicated 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.

Forthe purpose of consistency and case of understanding,
like features maybe identified (although, in some examples,
nol 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 eachrefer 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,” whenutilized, 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 ofA, 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.

Personsskilled 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 maybe 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 communicalion 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- 2
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 butis not limited
to Random Access Memory (RAM), Read Only Memory
(ROM), Erasable Programmable Read-Only Memory
(FPROM), 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.

Aradio communication network architecture (c.g., a Long
Term Evolution (LTE) system, an LTE-Advanced (LTE-A)
system, an LTE-Advanced Pro system, or a 5G NewRadio
(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 5
terminal or device, a user communication radio terminal. For
example, a UE maybe 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 wircless communication capability. 5

 The UEis configured to receive and transmit signals over an
air interface to one or morecells in a radio access network.

A BS maybe 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 Aceess Network (GERAN), General Packet Radio
Service (GPRS), Universal Mobile Telecommunication Sys-
tem (UMTS,ofien 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 5GC), 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.

ABSmayinclude,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/GFRAN,a
ng-eNBasin 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 ccll. The BS mayserve
one or more UEs througha radio interface.

The BSis operable to provide radio coverage to a specific
geographical area using a plurality ofcells forming the radio
access network. The BS supports the operations ofthecells.
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 UEsin 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 othercells.

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
highreliability, 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,il is also considered that in a transmission time
interval 'I'X of a single NR frame, a Downlink (DL) trans-
mission data, a guard period, and an Uplink (UT.) 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 ofNR.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” hereinis only an
association relationship for describing associated objects,
and represents that three relationships may exist. For
example, A and/or B mayindicate 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 diagramillustrating a multi-TRP
system 100, in accordance with example implementations of
the present application. As shownin 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 implementationillustrated in FIG.
1, any number of ‘I’RPs may communicate with the UE in
some other implementations. In addition, cach 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 'IRPs 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 mayreceive ‘Cl state data in a
PDCCHdetermining multiple PDSCHs. The TCIstate data
may be associated with multiple DMRS port groups. In
action 204, the UE mayobtain multiple QCL assumptions :
for receiving the PDSCHsbased on the DMRSport 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
oneofthe average delay, the delay spread, the Doppler shitt,
and the Doppler spread. For example, each QCT, 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 UL may
identify different TRPs (c.g., the TRPs 106 and 108 in FIG.
1) based on the QCL assumptions.

In some of the present implementations, each QCL
assumption may correspondto one of the DMRSport groups
associated with the TCI state data. For example, the QCT,
assumptions and the DMRSport 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 PDSCTIs 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 5
mapping relationship) between the QCL assumptions and
the DMRSport groups via a Medium Access Control
(MAC)Control Element (CE), Downlink Control Informa-
tion (DCT), or an RRCsignaling. In some of the present

 

implementations, indicating the relationship between the 5
QCL assumptions and the DMRSport groups mayinclude
al least one of modifying, adding, deleting, and selecting the
relationship between the QCL assumptions and the DMRS
port groups. In some other implementations, the UF. maybe
configured with a timer, and the mapping relationship
between the QCL assumptions and the DMRSport groups
may be modified when the timer expires.

In someof the present implementations, the TC] state of
a DL channel (c.g., a PDCCH or a PDSCH) may include
multiple QCL Reference Signal (RS)sets, and each QCL RS
sel maycorrespond to one DMRSport 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 DMRSport
groups associated with the TCI state data.

FIG. 3 is a schematic diagram illustrating multiple
PDSCHsdetermined from a single PDCCH, in accordance
with example implementations of the present application. As
shown in FIG, 3, the UE mayreceive DCI that contains a
TCIstate data (e.g., a TCI code point) from the PDCCH 302.
After successfully decoding the TC] cade point, the UF may
obtain multiple TCI states each being associated with one
DMRSport group. For example, each TCI state may contain
parameters for configuring the QCLrelationship between
the DL/UL RS(s) and the DM-RSport(s) of a corresponding
PDSCH.The QCLrelationship may be configured by higher
layer parameters, such as qcl-Typel and qcel-Type2. In
addition, the QCL type (¢.g., QCL-TypeA, QCL-TypeB,
QCL-TypeC and QCL-TypeD) corresponding to each DL
RS maybe given by a higherlayer 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 cxample implementation, the UE may derive mul-
tiple PDSCHs based on the DMRSport groups associated
with the TCIstate data in the DCI, because each DMRSport
group may correspond to one PDSCH. Asshownin FIG.3,
if the TCT state data is associated with DMRSport group #1
and DMRSport 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 DMRSport group #1 and DMRSport group #2,
respectively. Fach of the PDSCHs(e.g., PDSCH #1 304 and
PDSCH#2 306) derived from the PDCCH 302 may corre-
spond to a TRP. As shownin FIG. 3, the PDSCH #1 304 and
PDSCH #2 306 maybe 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 mayuse them to identify the
TRPs 308 and 310.

In some other implementations, the DC] in the POCCH
302 mayschedule a single PDOSCH (not illustrated in FIG.
3), and the TRPs 308 and 310 maycorrespond 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 UL
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 ‘RP maybereferred to as aninitial 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 (PRACIT). The UL may select the SSB through a
random access procedure, and use the corresponding
resources (e.g., which are configured with the samespatial
QCL (sQCL) assumption as the selected SSB) to perform
channel/beam measurements.

In some of the present implementations, the UF may be
configured with resources that are orthonormalto 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-persislent/periodic reporting behavior) to report Chan-
nel State Information (CSI/beam measurementresults to the
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pIRP(s) and sTRP(s). For example, the UE mayadopt 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 mayreport the mea-
surement results to the BS to help the BS to determine the
primary communication link (e.g., including the pTRP) to
the UB. For example, the BS may schedule a qualified
resource (e.2., 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
numberof 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 pancl may transmit at Icast one resource (beam/
channel) in a time unit.

In someofthe present implementations, the pTRP maybe 2
determined in an implicit way. For example, a TRP at which
a specific resource is transmitted may be determined as a
pIRP. 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
PDCCHthat Control Resource Set (CORESE'T)#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 UL may be determined in an explicit way.
For example, the BS mayindicate one or more pTRPsto the
UE via an RRC signaling, a MAC-CE or DCI.

In someof the present implementations, for those TRPs
that are not selected as the p!/RP(s), they maybe determined
as sTRPs for the UF 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 obtainafirst signal
quality valuc (Q1) fora first resource from a pTRP. In action
404, the UE mayobtain a second signal quality value (Q2)
for a second resource from a candidate sTRP. The values, Q1
and Q2, maybe (but not limited to) Layer 1 (L1)-Retference

 

Signals Received Power (RSRP) values. I,1-Reference Sig- 5
nals Received Quality (RSRQ) values, L1-Signal to Inter-
ference plus Noise Ratio (SINR) values, RSRP values,
RSRQ values, SINR values, or any combination thereof.

In action 406, the UL may determine whetherthe differ-
ence between QI] and Q2 is less than, or equal to, a
predetermined threshold (TH). In someofthe present imple-
mentations, the predetermined threshold TH maybe con-
figured by the BS.

If the outcome of action 406 is “yes”, the UF, 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 UEofthe information ofthe 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 maydecide 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 maybe thefirst
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-
spondingto a statistical average beam direction of the TRP.
The UE mayreceive 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 UL-specific resource. In some
ofthe 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 moreefficiently, because the UE
may only need to measure one resource (composite
resource) for each TRPat the beginning ofthe measurement.

In some of the present implementations, when several
TRPsare 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 beamdirection ofan individual 'I'RP.In this manner,
the UF mayreport suitable TRP pairs to the BS quickly.

In someofthe 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 ofthis serving TRP set via RRCsignaling, a MACCE,
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 p!RP(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
reccive a trigger event with a predetermined offset from the
BS. The UE may determine whetherthe 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 UF. may transmit a report to request the
BS to modify/select the related configurations of the
pIRP(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 maybetrans-
mitted from a separate TRP. In someother implementations,
the UE may monitor the CORESET of a TRP based on a
QCT. assumption that is made for monitoring a PDCCH that
schedules a single PDSCH.Inthis 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 transmilted from a separate TRP. In some other
implementations, the UE may monitor the CORESET ofa
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TRPbased on multiple QCL assumptions that are made for
monitoring multiple PDCCHs, each scheduling a PDSCH,
and each NR-PDSCH maybe 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, aninitial access TRP is setup after the UI
successfully performs an initial access procedure. Fo
example, after successfully performing the initial acces
procedure, the UE may get a DL/ULresource(e.g., channe
beam) to communicate with the BS through a TRP. This TR
maybeset as the initial access ‘I'RP for the UE. ‘Lhe initial
access TRP may be used as a pTRP fromthe 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=O, 1, 2,...)
resource(s) and/or L (e.g., L-0, 1, 2, . . . ) resource for

WW

clas Vv 
  

channel/beam measurements. The UE mayapply the same 2
QCL assumption as the SSB on which the VE camps during
the randomaccess 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 someof 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 mayperformthe channel/beam measurement(s) accord-
ing to the configuration(s) of the K and/or I. resource(s). The
UE mayobtain 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 recciving cach DL
resource maybe obtained from the measurement. Thespatial
domain information may include at least one Receive (RX)
radiation pattern and/or RX panel.

In some of the present implementations, the UF 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 notlimited to,
an SSB resource indicator (if the resource is an SSB), a
CSI-RSresource indicator (if the resource is a CSI-RS), a
DMRSresource indicator(if the resource is a DMRS), or an
SRS resource indicator. [he measurement metric informa-

tion may be, but not limited to, an I.1-RSRP, an I.1]-RSRQ, 5
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 di
for the 2”“ measured resource maybe obtained by subtract-
ing L1-RSRP #1 from L1-RSRP #2, where L1-RSRP #1 is
an L1-RSRPobtained from the 1°‘ resource measurement,
and T,1-RSRP #2 is an I.1-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 UL 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

 
 
 

 
erential L1-RSRPoffset level 5
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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 mayincludeat least one of
a high/lowcorrelation indicator and the indicators of the
observed resources. The high/lowcorrelation indicator may
be usedfor 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
someof the present implementations, the correlation factor/
indicator may be obtained by calculating the Angle-of-
Arrival (AoA)related parameters for the channel/beamsof
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 p'RP(s) may contain at least
one ‘[Cl-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 TCI-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 'Cl-state
indication may correspond to one or more DMRS port
groups, and each DMRSport 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 assumethat all ports/resources in the same target RS
port/resource group maybe trom the same ‘I'RP, while the
ports/resources in different target RS port/resource groups
may be from different TRPs.

In action 510, the UE mayreceive a messageto terminate
the multi-TRP operation and/or reset the multi-TRP con-
figuration. lor example, after receiving the message, the UL
may terminate, cancel, or reset at least one of the correlation
information of the reference RS resources among the TRPs,
the TRP setling (e.g., including the resource setting and/or
reporting setting), and the correspondence among the
DMRSports, DMRS port groups, TCT states, and QCT.
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 someofthe 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 moreefficiently, because the UE mayonly need to
measure one resource (composite resource) for each TRP.

In some of the present implementations, the BS may
indicate at least onc pTRPresourceset to the UE through at
least one ofthe configuration of the pTRP,the predetermined
resource(s) associated with the pIRP ID, and the best
channel quality determined by the BS or UI
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4a. The following fee(s) are submitted: 4b. Payment of Fees(s): (Please first reapply and previously paid fee shown above)Issue Fee Acheckis enclosed.

L] Publication Fee (No small entity discount permitted) Paymentbe credit card. Form PTO-2038is attached
CL] Advance Order- # of Copies ‘The director is hereby authorized. to charge the required fee(s), any deticiency, or credits any

overpayment, to DepositAccount Number 602615 (enclose an extra copy of this form)

5. Change of Entity Status (from status indicated above)
Applicant certifying micro entity status. See 37 CFR 1.29. NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 153), issue

fee payment in the micro entily amount will not be acceptedal the risk of application abandonment.
Dapplicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entitystatus, checking this box will be taken

to be a notification of loss of entitlement to micro cntity status.

Dapplicant changing to regular undiscounted fee status. NOTE: Checkingthis box will be takento be notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: This form mustbe signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements andcertifications.

Authorized Signature /Alvin Koan/ Date 08/21/2020

Typed or printed name Alyin Koan Registration No. 68468

PTOL-85 Part B (06-17) Approved for use through 1/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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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 mosttypes of information from the public. When OMB approves an agencyrequestto 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 agencyto inform the public about the OMB Control Number’slegal
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 whichisto file (and by the USPTOto 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.Timewill vary depending uponthe individual case. Any comments on the amountof
time you require to complete this form and/or suggestions for reducing this burden, should be sentto 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 abandonmentof 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
Departmentof Justice to determine whetherdisclosure 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 respectto 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, pursuantto 5 U.S.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 Organization, pursuantto
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. A record 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 managementpractices 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 (/.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations aboutindividuals.

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 abandonedorin 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 becomesawareof a violation or potential violation of law or regulation.
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Electronic Patent Application Fee Transmittal

Application Number: 16372389

Filing Date: 01-Apr-2019

ON-DEMAND SYSTEM INFORMATION REQUEST PROCEDURE AND ERROR
Title of Invention: HANDLING

First NamedInventor/Applicant Name: HUNG-CHEN CHEN

Alvin Sean Koan

Attorney Docket Number: US76468

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Sub-Totalin

Description Fee Code Quantity Amount USD(S) 

Basic Filing:

Miscellaneous-Filing: 

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
 

UTILITY APPL ISSUE FEE
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Extension-of-Time:

Miscellaneous:

Totalin USD ($) 1000 
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Electronic AcknowledgementReceipt

a

a

ON-DEMAND SYSTEM INFORMATION REQUEST PROCEDURE AND ERROR
Title of Invention: HANDLING

First Named Inventor/Applicant Name: HUNG-CHEN CHEN

Customer Number: 54000fm
a
a

Application Type: Utility under 35 USC 111{a)

 
 

Paymentinformation:

[Beposkaccu——SSSSCSC*dSC

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpaymentas follows: 
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158590

Document Document Description File Size(Bytes)/ Multi Pages
Number P Message Digest|Part /.zip| (if appl.)

2
Issue Fee Payment (PTO-85B) US7646820200821FIF. pdf 585a418Sddb0e0f994d72753d5454a3741f]

031a9

Information:

Fee Worksheet (SB06) fee-info.pdf c3cc6afécf8e91 53752f1bd5 1cccea9b4621
ScBe

 
Information: 

TotalFiles Size (in bytes) 188794

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 applicationis being filed and the application includes the necessary componentsfor 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 shownonthis
AcknowledgementReceiptwill establish thefiling 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/903indicating acceptanceof the application as a
national stage submission under35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.
NewInternational Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary componentsfor
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the InternationalFiling Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shown on this AcknowledgementReceiptwill establish the international filing date of
the application.
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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.USPLO.gOV 

NOTICE OF ALLOWANCE AND FEE(S) DUE

ScienBiziP, PC BATISTA, MARCOS

550 South Hope Street

Los Angeles, CA 90071 2642
DATE MAILED: 07/07/2020

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATIONNO.

16/372.389 04/01/2019 HUNG-CHEN CHEN US76468 2472

TITLE OF INVENTION: ON-DEMAND SYSTEM INFORMATION REQUEST PROCEDURE AND ERROR HANDLING

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE|PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 10/07/2020

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITSIS CLOSED. THIS NOTICE OF ALLOWANCEIS NOT A GRANT OF PATENT RIGHTS.

THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROMISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THEISSUE FEE AND PUBLICATIONFEE (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
CANNOTBE 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 THEISSUE FEE NOW DUE.

 

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shownabove.If the ENTITY STATUSis shown as SMALL or MICRO,verify whether entitlement to that
entity status still applies.

If the ENTITY STATUSis the same as shown above, pay the TOTAL FEE(S) DUE shownabove.

If the ENTITY STATUS is changed from that shown above, on PARTB - FEE(S) TRANSMITTAL, complete section number5 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.

Il. PART B - FEE(S) TRANSMITTAL,orits 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 occurdueto the difficulty in recognizing
the paper as an equivalent of Part B.

I. All communications regarding this application must give the application number.Please direct all communicationsprior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER:Maintenancefees are duein 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 informationis 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 tax, send to: (571)-273-2885
Commissionerfor Patents
P.O. Box 1450

Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be usedfor transmitting the ISSUE FEE and PUBLICATIONFEE(ifrequired). Blocks | through 5 should be completed where appropriate. All
further correspondenceincluding the Patent, advanceorders and notification of maintenancefees will be mailedto the current correspondence addressas indicated unless corrected
below or dirccted othcrwisc in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS"for maintenance fec 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 owncertificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS(Note: Use Block | for any change of address)

54000 7590 07/07/2020 Certificate of Mailing or Transmission
ScienBiziP, PC I hereby cerlify that this Fee(s) Transmittal is being deposiled with the Uniled

, Stales Postal Service with sufficient postage for first class mail in an envelope
550 South Hope Street addressed lo the Mail Stop ISSUE FEE address above, or being transmilled to
Suite 2825 the USPTO via EFS-Webor by facsimile to (571) 273-2885, on the date below.

Los Angeles, CA 90071 (Typed or printed name)(Signature)
(Datei 
 APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. CONFIRMATION NO.

16/372,389 04/01/2019 HUNG-CHEN CHEN US76468 2472

TITLE OF INVENTION: ON-DEMAND SYSTEM INFORMATION REQUEST PROCEDURE AND ERROR HANDLING

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE|PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 10/07/2020

 EXAMINER ARTUNIT CLASS-SUBCLASS

BATISTA, MARCOS 2642 455-434000

1. Change of correspondence addressor indication of "Fee Address" (37
CFR 1.363).

2. For printing on the patent front page,list
(1) The namesof up to 3 registered patent attorneys
or agents OR,alternatively, Vo
(2) The nameof a single firm (having as a member a
registered attorney or agent) and the namesof up to
2 registered patent attorneys or agents. If no nameis
listed, no name will be printed.

| Changeof correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached. wo 
(I “Fee Address”indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Numberis required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT(printor lype)

Ga 
PLEASE NOTE:Unless an assignee is identified below, no assignee dala will appear onthe patent. If an assigneeis identified below, the document must have been previously
recorded, or filed for recordation, as sel 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) NAMEOF ASSIGNEE (B) RESIDENCE:(CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not he printed on the patent) : Individual LI Corporation or other private group entity I Government

4a. Fees submitted: (lissue Fee (lpublication Fee (if required) (JAdvance Order- # of Copies
4b. Method of Payment: (Please first reapply any previously paidfee shown above)

(LJ Electronic Payment via EFS-Web (LI Enclosed check (I Non-electronic paymentby credit card (Attach form PTO-2038)

I 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:Absenta valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee paymentin the micro entity amountwill not be acceptedatthe 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.

| Applicant certifying micro entity status. See 37 CFR 1.29  

| Applicant asserting small entity status. See 37 CFR 1.27 
 

| 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

Typedor printed name Registration No.

Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB0651-0033 USS. 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.USPLO.gOV

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

 
 

16/372.389 04/01/2019 HUNG-CHEN CHEN US76468 2472

ScienBiziP, PC BATISTA, MARCOS

550 South Hope Street

Los Angeles, CA 90071 2642
DATE MAILED: 07/07/2020

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)() 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 approvesan agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agencyto display on the instrumentthat 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 whichis to file (and by the USPTO to process) an application. Contidentiality 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. Timewill vary depending upon
the individual case. Any comments on the amountof time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chicf 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 personsare required to respond to acollection
of information unlessit 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 formrelated to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please he 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 mayresult 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
Freedomof Information Act.

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 usc, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. Arecord in this system of records maybe 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)).

N

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 GSAaspart of that agency's responsibility
to recommend improvements in records managementpractices 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 (1-e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations aboutindividuals.

8. Arecord fromthis 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 issuanceof a patent pursuantto 35 U.S.C. 151. Further, a record
maybe disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record wasfiled
in an application which became abandonedor in which the proceedings were terminated and which application
is referenced by cither a published application, an application open to public inspection or an issucd 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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16/372 389 CHENetal.

MARCOSBATISTA 2642 Yes

-- The MAILING DATEofthis communication appears on the cover sheet with the correspondence adaress--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSEDin 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 GRANTOFPATENTRIGHTS.This application is subject to withdrawalfrom issueat the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

4] This communicationis responsive to amendmentfiled on June 17, 2020.
(1) A declaration(sVaffidavit(s) under 37 CFR 1.130(b) was/werefiled on :

Notice ofAtowability

CJ An election was made by the applicantin responseto a restriction requirementset forth during the interview on the
restriction requirement and election have been incorporatedinto this action. 

[¥] The allowed claim(s) is/are See Continuation Sheet . As a result of the allowed claim(s), you may beeligible 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.

4.13 Acknowledgmentis made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

Certified copies:

a) Call b) Some ~—_*c) () Noneof the:

1. G Certified copies of the priority documents have been received.
2. C) Certitied copies of the priority documents have been receivedin Application No.

3. [1 Copiesof 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 communicationto file a reply complying with the requirements
noted below.Failure to timely comply will result in ABANDONMENTofthis application.
THIS THREE-MONTHPERIODIS NOT EXTENDABLE.

5.1) CORRECTED DRAWINGS(as"replacement sheets") must be submitted.
() including changes required by the attached Examiner's Amendment / Commentor 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 drawingsin 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).

6.1] DEPOSIT OF and/or INFORMATIONabout 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.[¥] Notice of References Cited (PTO-892) 5. (] Examiner's Amendment/Comment
2.) Information Disclosure Statements (PTO/SB/08), 6.lv]Examiner's Statement of Reasons for Allowance

Paper No./Mail Date .
3.2 Examiner's Comment Regarding Requirementfor Deposit 7. (] Other .

of Biological Material
4.C Interview Summary (PTO-413),

PaperNo./Mail Date.
{MARCOSBATISTA/

Primary Examiner, Art Unit 2642

 
U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20200624
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Continuation Sheet (PTOL-37) Application No. 16/372,389

Continuation of 3. The allowed claim(s) is/are: 1-3,8-9,11-13,18-19 and 21-30
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Application/Control Number: 16/372,389 Page 2
Art Unit: 2642

Detailed Action

1. This Action is in response to Applicant's on amendmentfiled June 17, 2020.

Claims 4-7, 10, 14-17 and 20 have been canceled, claims 21-30 have been newly

added, therefore, claims 1-3, 8, 9, 11-13, 18, 19 and 21-30 are now pending in the

present application.

America Invents Act (AIA) Information

2. The present application, filed on or after March 16, 2013, is being examined

under thefirst inventor to file provisions of the AIA.

Allowable Subject Matter

3. Claims 1-3, 8, 9, 11-13, 18, 19 and 21-30 are allowed.

4. The following is an Examiner’s statement of reasons for allowance:

Considerclaims 1-3, 8, 9, 11-13, 18, 19 and 21-30, the newly found reference of

TURTINEN; Samuli et al. (US 20180376375 A1), madeof record herein, teaches a

method and apparatus comprising transmitting, by a user device to a base station ina

wireless network, a system information request for on-demand system information

during a random access procedure, where the system information request is a request

for one or more parameters that enable the user device to communicate in the wireless

network, receiving, by the user device from the base station, an indication of a wait

period in which the user device waits before obtaining the on-demand system

information, waiting, by the user device, a time duration during the wait period, and

monitoring, by the user device after expiration of the wait period, a system information
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Application/Control Number: 16/372,389 Page 3
Art Unit: 2642

windowin which a system information message having the on-demand system

information is broadcasted by the base station.

However, after the amendment to claims 1 and 11, Applicant's remarks have

been considered and found to be persuasive. In agreement with the Applicant's

remarks, the prior art failed to disclose or suggest each and everylimitation recited in

claims 1-3, 8, 9, 11-13, 18, 19 and 21-30 of the claimed invention when considered as a

whole. And further in view of Applicant’s arguments and remarks regarding the

transmitting the SI request message and determining that the UE is in a connected

state, presented on pages 9 of responsefiled on June 17, 2020.

Any comments considered necessary by Applicant must be submitted no later

than the paymentof the issue fee and, to avoid processing delays, should preferably

accompanythe issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasonsfor Allowance.”

Conclusion

5. Anyinquiry concerning this communication or earlier communications from

the Examiner should be directed to Marcos Batista, whose telephone numberis (571)

270-5209. The Examiner can normally be reached on Monday-Thursday from 8:00am to

5:00pm.

Examiner interviews are available via telephone, in-person, and video

conferencing using a USPTO supplied web-basedcollaboration tool. To schedule an

interview, Applicant is encouraged to use the USPTO AutomatedInterview Request

(AIR) at http:/Awww.uspto.gov/interviewpractice.
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Application/Control Number: 16/372,389 Page 4
Art Unit: 2642

If attempts to reach the Examiner by telephone are unsuccessful, the Examiner’s

supervisor, Rafael Pérez-Gutiérrez can be reached at (571) 272-7915. The fax phone

numberfor 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 http://pair-direct.uspto.gov. Should

you have questions on accessto 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.

/MARCOSBATISTA/

Primary Examiner, Art Unit 2642

June 24, 2020
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Application/Control No. Applicant(s)/Patent Under
16/372,389 Reexamination

CHENetal.

Notice ofReferences Cited Examiner Art Unit
MARCOSBATISTA 2642 Page 1 of 1

U.S. PATENT DOCUMENTS
Document Number Date vege tee

Country Code-Number-Kind Code MM-YYYY CPC Classification US Classification
US-20180376375-A1 12-2018 TURTINEN; Samuli HO4W48/14 1/1

 
>

 
FOREIGN PATENT DOCUMENTS

Document Number

Country Code-Number-Kind Gode MM-YYYY CPC ClassificationCountry
Oo2®

 
NON-PATENT DOCUMENTS

Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)

 
||

fo
pp
pp
fj

*A copyofthis reference is not being furnished with this Office action. (Gee MPEP § 707.05(a).)
Dates in MM-YYYYformat are publication dates. Classifications may be USorforeign.
U.S. Patent and Trademark Office

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20200624
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification|16/372 389 CHEN etal.

| | | Examiner Art Unit
MARCOSBATISTA 2642

Version

2013-01-01

2013201204

2018-02-01

2018-08-01

2018-02-01

2013-01-01

2013+01-04

2018-02-01

acsoO

CPC Combination Sets

 
 
NONE

Total Claims Allowed:

(Assistant Examiner) 20

/MARCOSBATISTA/ 24 June 2020 . . ao
Primary Examiner, Art Unit 2642 O.G. Print Claim(s)|O.G. Print Figure
(Primary Examiner) (Date) 1 6

U.S. Patent and Trademark Office Part of Paper No.: 20200624

Page 1 of 3
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification|16/372 389 CHEN etal.

| | | Examiner Art Unit
MARCOSBATISTA 2642

INTERNATIONAL CLASSIFICATION

CLAIMED

HOo4w

NON-CLAIMED

US ORIGINAL CLASSIFICATION

SUBCLASS

CROSS REFERENCES(S)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)

pooss

 
 
NONE

Total Claims Allowed:

(Assistant Examiner) 20

/MARCOSBATISTA/ 24 June 2020 . . ao
Primary Examiner, Art Unit 2642 O.G. Print Claim(s)|O.G. Print Figure
(Primary Examiner) (Date) 1 6

U.S. Patent and Trademark Office Part of Paper No.: 20200624

Page 2 of 3
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Application/Control No. Applicant(s)/Patent Under Reexamination

16/372 ,389 CHEN etal.

| | | | Examiner Art Unit
MARCOSBATISTA 2642

/ssue Classification

(1 Claims renumbered in the same order as presented by applicant (J CPA (jIT.D. ({ R147 

NONE
Total Claims Allowed:

(Assistant Examiner) 20

/MARCOSBATISTA’ 24 June 2020 . . a
Primary Examiner, Art Unit 2642 O.G. Print Claim(s)|O.G. Print Figure 
(Primary Examiner) (Date) 1 6

U.S. Patent and Trademark Office Part of Paper No.: 20200624

Page 3 of 3
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Application/Control No. Applicant(s)/Patent Under Reexamination

Search Notes 16/372,389 CHEN etal.

ll| li | | non seaMARCOSBATISTA

CPC - Searched*

H04W48/14 or HO4W48/16 or HO4W76/18 or HO4W36/305 or 02/12/2020 mb
HO04W76/15 or HO4W36/08 or HO4W74/0833 or HO4W76/28

CPC Combination Sets - Searched*

US Classification - Searched*

[DateExaminer_|
434 02/12/2020

370 338

* See search history printout included with this form or the SEARCH NOTESboxbelow to determine the scope of
the search.

 
Search Notes

/MARCOS BATISTA/

Primary Examiner, Art Unit 2642

 
U.S. Patent and Trademark Office Part of Paper No.: 20200624

Page 1 of 2
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Application/Control No. Applicant(s)/Patent Under Reexamination

Search Notes 16/372,389 CHEN etal.

Mii MI | ‘ene sie
MARCOSBATISTA 2642

Interference Search

US Class/CPC|W6 subclass/CPC Group
_— 

/MARCOS BATISTA/

Primary Examiner, Art Unit 2642 
U.S. Patent and Trademark Office Part of Paper No.: 20200624

Page 2 of 2
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Application/Control No. Applicant(s)/Patent Under Reexamination

Index ofClaims|16379. 389

Ml | ll | | anonMARCOSBATISTA

| ancats
=| Allowed | Restricted

(©) Claims renumbered in the same order as presented by applicant

CLAIM
Final 02/12/2020| 06/24/2020

1 v
2

CHENetal.

|Final
|1
|2
|9
|
|
P|
P| 
U.S. Patent and Trademark Office Part of Paper No.: 20200624

Page 1 of 1
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EAST Search History

EAST Search History (Prior Art)

‘Ref Hits — Search Query DBs __ Default Plurals Time

‘L520 -(on$demand same system -US-PGPUB; = ADJ ‘OFF==—s_- 2020/06/24
: information same cell same prohibit = USPAT; 11:29

_ timer same basestation).clm. “USOCR; :
-FPRS; EPO;
PO;
‘DERWENT;
IBM_TDBO

_(on$demand same system -US-PGPUB; = ADJ /OFF —s- 2020/06/24 -
: information same message same “USPAT; : -11:30 :
' prohibit timer same base -USOCR;
- station).clm. :FPRS; EPO;

-JPO;
‘DERWENT;
-IBM_TDB

-16/372389 /US-PGPUB; {ADJ ‘OFF =. 2020/02/11.
-USPAT; 07:42
-USOCR; : : :
-FPRS; EPO;
-JPQ;
: DERWENT;

po IBM_TDB :

:$2 : 155,217 (HO4W48/14 or HO4W48/16 or ‘US-PGPUB; =ADJ : OFF 2020/02/11 |
: - H04W76/18 or HO4W36/305 or -USPAT; : 07:43 :

: HO4W76/15 or HO4W36/08 or -USOCR; : :
- H04W74/0833 or HO4W76/28).cpc. = FPRS; EPO;

:JPO;
‘DERWENT;

IBM_TDB

$3 0 -us-2015140999-a1 -US-PGPUB; = ADJ ‘OFF =: 2020/02/11
Oo -USPAT; 07:44

-USOCR; :
_FPRS; EPO;
PO;
‘DERWENT;

: : : -IBM_TDB : : : :

$4 20 -us-2015140999-a$ -US-PGPUB; = ADJ OFF —- 2020/02/11.
Oo -USPAT; : 07:45

-USOCR; :
_FPRS; EPO;
-JPO;
‘DERWENT;
IBM_TDB-
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$5 127 ((("CHEN") near3 ("HUNG- ‘US-PGPUB; ADJ=OFF 2020/02/11
— -CHEN"))).INV. ‘USPAT; | 0747

| USOCR

(((°CHOU") near3 ("CHIE- 'US-PGPUB; ADJ OFF=2020/02/11
-MING"))).INV. USPAT; (07:47 0

USOCR

‘S742 ((('TSENG") near3 ("YUNG- US-PGPUB; ADJ OFF=2020/02/11
oo -LAN"))).INV. -USPAT; : : 07:47

| USOCR 2
$8 33 -("20150140999").PN. /US-PGPUB; ADJ -OFF=2020/02/11
= “USPAT; (08:47 00

-USOCR;
_FPRS; EPO;
IPO;
-DERWENT;
-IBM_TDB

$9 5273 © $5 or S6 or $7 -US-PGPUB; ADJ : OFF 2020/02/11 :
—_ -USPAT; 08:49

-USOCR;
:FPRS; EPO;
IPO;
‘DERWENT;
IBM_TDB

$9 and (on$demand same system §_US-PGPUB; = ADJ :OFF =: 2020/02/11
_information same cell same error “USPAT; : 08:50
‘ stor$3 samefailure).clm. -USOCR; : :

_FPRS; EPO;

“IPO;
:DERWENT,
-IBM_TDB

 

 

 

 

$12 20,443 ((455/434) or (370/338)).CCLS. -US-PGPUB; OR OFF 2020/02/11.
— | USPAT 08:51 |

S14 0 $2 and (on$demand same system _US-PGPUB; ADJ OFF©2020/02/11.
- information same cell same error -USPAT; : 08:51
- stor$3 samefailure) -USOCR; : : :

_FPRS; EPO;

“JPO;
: DERWENT;
-IBM_TDB

$1851 -§12 and (system information same = US-PGPUB; =ADJ -OFF =: 2020/02/11 -
: cell same error same stor$3 same —_- USPAT; 08:53 :

failure) -USOCR;
| -FPRS; EPO;

JPO;
- DERWENT;

: ‘IBM_TDB : : :

$201 $9 and (on$demand same system §_US-PGPUB; = ADJ ‘OFF =. 2020/02/11
_ information samecell same error -USPAT; 08:53
- Same stor$3 samefailure).clm. “USOCR; i : :
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FPRS; EPO;
:JPO;

 
$21.3S2.and(on$demand samesystem

: : information samecell same error

same stor$3 samefailure)

- DERWENT;
-IBM_TDB

-US-PGPUB;
-USPAT;
-USOCR;
-FPRS; EPO;
IPO;
‘DERWENT;
-IBM_TDB

ADD (OFF 2020/02/11
08:53

$22 6,891,135 ((on$demand or ondemand) same
: _ system information or "SI")

US-PGPUB;
“USPAT;
-USOCR:
_FPRS; EPO;

-JPO;
DERWENT;

$23 1,039 — ((on$demandorondemand)same
_ system information)

IBM_TDB

-US-PGPUB;
-USPAT;
-USOCR;
‘FPRS; EPO;

-JPO;
: DERWENT;
-IBM_TDB

S24 42 ‘(on$demand or ondemand) same
: : : system information same (fail$4 or

_unsuccessful$4 or error)

-US-PGPUB;
-USPAT;
-USOCR;
-FPRS; EPO;
:JPO;

$24 and(@rlad<"20180402"or
/@ad<"20180402")

 
DERWENT;
IBM_TDB

-US-PGPUB;
-USPAT;
-FPRS; EPO;
IPO;

 
_wo-2018014728-a$

DERWENT;
_IBM_TDB

2020/02/11.
10:03

-US-PGPUB;
-USPAT;
-FPRS; EPO;
-JPO;
: DERWENT;

$28 244 _((UE or WTRUorsubscriber or :
Gg _((radio or mobile or wireless orcell or-

- cellular or portable or hand$held or
- remote or user or communication)
_adj2 (apparatus or phone or
: telephone or device or unit or

IBMIDB

-US-PGPUB;
USPAT;

-USOCR;
-FPRS; EPO;
JPO;

“ADD

ADD

ADJ

ADD

ON

on

ON

‘ON

2020/02/11 -
09:49 :

2020/02/11
09:49

2020/02/11
09:51

2020/02/11
(09:52

2020/02/11|
15:09 :
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_terminal or station or hand$set or
-@quipment))) near2 (stor$3 or saving
or receiv$3 or acquir$3)) with
: (system information or sib) with
: (fail$4 or unsuccessful$4 or error)

$28 and (@rlad<"20180402"or
/@ad<"20180402")

IBM_TDB

 

 

 

‘US-“PGPUB;: ((UE or WTRUor subscriber or
-((radio or mobile or wireless or cell or USPAT;
cellular or portable or hand$held or = USOCR;
remote or user or communication)
: adj2 (apparatus or phone or “JPO;
telephone or device or unit or
: terminal or station or hand$set or

 equipment))) near2 (stor$3 or saving ©
‘or acquir$3)) with (system
information or sib) with (fail$4 or
‘ unsuccessful$4 or error)

IBM_TDB

DERWENT;

-FPRS; EPO;

DERWENT;

 

  
 

“2020/02/11.
15:41

2020/02/11
16:03

 

- $30 and (@rlad<"20180402"or
-@ad<"20180402") -USPAT;

‘JPO;
‘DERWENT;
-IBM_TDB

_((UE or WTRUorsubscriber or
_((radio or mobile or wireless or cell or USPAT;
_cellular or portable or hand$held or = USOCR;
‘remote or user or communication)
-adj2 (apparatus or phone or PO;
‘ telephoneor device or unit or
: terminal or station or hand¢set or
_equipment))) near2 (stor$3 or
-saving)) with (system information or |
_sib) with (fail$4 or unsuccessful$4 or;

: error) :
~$32 and(@rlad<"20180402"or

/@ad<"20180402")

$32. 29

-IBM_TDB

 
-USPAT;

-JPO;
DERWENT;

-US-PGPUB;: (System information or sib or sim)

with (signaling radio bearer "0"or
_SRBO or SRBO)

-USPAT;
-USOCR;

JPO;

-US-PGPUB;

-FPRS; EPO;

US-PGPUB; ADJ ON

-FPRS; EPO;

-DERWENT;

“US-PGPUB;ADJ = ON

-FPRS; EPO;

-FPRS; EPO;

5020/02/11.
1610

2020/02/11
1618

2020/02/11
16:20

2020/02/12.
15:45
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DERWENT;

IBM_TDB-
$3518 - $34 and (@rlad<"20180402" or -US-PGPUB; =ADJ -ON 2020/02/12.

: - @ad<"20180402") -USPAT; 15:46
-FPRS; EPO; : :
IPO;
_DERWENT;

$36 4 _((dual connectivity) adj2 (mode or=_US-PGPUB; = ADJ :OFF =». 2020/02/12 .
Bg - schemeorstate or status or -USPAT; : 16:04

_configuration)) same (system -USOCR; : :
_information) same (master or slave = FPRS; EPO;
‘or secondary) -JPO;

‘DERWENT;
-IBM_TDB

$37 2 $36 and (@rlad<"20180402"or -US-PGPUB; ADJ ON 2020/02/12.
i : @ad<"20180402") /USPAT; : : °16:05 :

| -FPRS; EPO;
‘JPO;
DERWENT;
-IBM_TDB

$38 583 _((dual connectivity) near2 (mode or =US-PGPUB; ‘ADJ :OFF =: 2020/02/12.
Schemeorstate or status or -USPAT; : 16:08
-configuration)) same (master or slave _USOCR; :
or secondary) -FPRS; EPO;

“IPO;
:DERWENT;
-IBM_TDB

((dual connectivity) near2 (mode or = US-PGPUB; = ADJ : OFF 2020/02/12 :
_ schemeorstate or status or -USPAT; : 16:08
-configuration)) same ((masteror /USOCR; :
: Slave or secondary)near2 (node or : FPRS; EPO;
_access point or node$b or base IPO;
: Station)) ‘DERWENT;

-IBM_TDB

$40 228 $39 and (@rlad<"20180402"or -US-PGPUB; :ADJ - ON 2020/02/12 |
oo G -@ad<"20180402") USPAT; 16:09

‘FPRS; EPO; :
“IPO;
-DERWENT;

a IBM_TDB-

$4151 _((dual connectivity) near2 (mode or =US-PGPUB; ADJ ‘OFF =. 2020/02/12 ©
OG schemeorstate or status or -USPAT; 16:10

-configuration)) same ((master or “USOCR; : :
Slave or secondary)near2 (node or —_ FPRS; EPO;
access point or node$b or base -JPO;
: Station)) same (on$demand or ‘DERWENT;
_ondemand) -IBM_TDB
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$42 2 _((dual connectivity)) same ((master =US-PGPUB; ‘ADJ -OFF =. 2020/02/12 .
: : _or Slave or secondary)near2 (node or USPAT; : 16:11

-access point or node$b or base -USOCR;
: Station)) same (on$demandor -FPRS; EPO;
-ondemand) PO;
: :DERWENT;

-IBM_TDB

$431 _((dual connectivity)) same -US-PGPUB; = ADJ OFF =—s- 2020/02/12.
: -((transmit$3 or send$3)near2 -USPAT; : : 16:14 :

_((system information or sib or mib))) _USOCR; : :
: Same (on$demand or ondemand) -FPRS; EPO;

IPO;
‘DERWENT;
-IBM_TDB

S44 57 -((dual connectivity)) same -US-PGPUB; = ADJ “OFF=2020/02/12.
: : (transmit$3 or send$3) same -USPAT; : 16:14 :

_((system information or sib or mib)) = USOCR;
same (on$demand or ondemand) -FPRS; EPO;

-JPO;
‘DERWENT;
-IBM_TDB

$457 $44 and (@rlad<"20180402"or -US-PGPUB; ADJ -ON 2020/02/12.
oo - @ad<"20180402") -USPAT; 16:15

-FPRS; EPO;
JPO;
‘DERWENT;
-IBM_TDB

$46 221 -((dual connectivity) and ((transmit$3 US-PGPUB; = ADJ [OFF =: 2020/02/12.
: _or send$3) near2(system information USPAT; : 16:24

_or sib or mib)) and (on$demand or —_ USOCR; : : :
-ondemand) -FPRS; EPO;
: :JPO;

‘DERWENT;
-IBM_TDB

$46 and (@rlad<"20180402" or -US-PGPUB; = ADJ -ON 2020/02/12.
: @ad<"20180402") -USPAT; : 16:24 :

-FPRS; EPO; :
-JPO;
: DERWENT;
-IBM_TDB : : :

$48 113 -((dual connectivity)) and ((transmit$3 US-PGPUB; {ADJ :OFF=2020/02/12.
: or send$3) near2(system information _USPAT; : 16:27

_or sib or mib)) and (on$demand or = USOCR; :
-ondemand) and ((master or slave or _FPRS; EPO;
-secondary)near2 (node or access ‘PO;
: point or node$b or base station)) ‘DERWENT;

-IBM_TDB

 

 

 

 

$48 and (@rlad<"20180402" or --US-PGPUB; ADJ.«=ON-—2020/02/12.
-@ad<"20180402") ‘USPAT; 2 16:27
| -FPRS; EPO; , :
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‘JPO;

 

equipment))) near2 (request$3 or
ask$3)) with (system information or
- sib) with ((inhibit$3 or
 prohibitS3)near2 (period or time))

$52 2~$51and (@rlad<"20180402"or US-PGPUB;

DERWENT:
-IBM_TDB :

_((dual connectivity or dual connect$3 US-PGPUB; = ADJ :OFF =. 2020/02/12 -
_or multiy connect$3 or multi -USPAT; : 16:31 :
_ connectivity or dual$connectivity or = USOCR;
_dual$connect$3 or multiy$connect$3 = FPRS; EPO;
or multi$connectivity)) and -JPO;
((transmit$3 or send$3) -DERWENT;
_Near2(system information or sib or = IBM_TDB
-mib)) and (on$demandor :
_ondemand) and ((master or slave or:
: secondary)near2 (node or access
_ point or node$b or base station)) : : :

$51 2 -((UE or WTRU or subscriber or -US-PGPUB; = ADJ - ON 2020/06/23 -
: _((radio or mobile or wireless or cell or USPAT; 10:03 :

-cellular or portable or hand$held or = USOCR;
: remote or user or communication) -FPRS; EPO;
: adj2 (apparatus or phoneor -JPO;
‘telephone or device or unit or -_DERWENT;
terminalor station or hand¢$set or§-IBM_TDB

ADJ= ON-—2020/06/23

 

 
‘ ((radio or mobile or wireless orcell or

 

- @ad<"20180402") -USPAT; : - 10:08
-FPRS; EPO; :
“PO;
‘DERWENT;

$534 _((UE or WTRU orsubscriber or -US-PGPUB; ADJ -ON 2020/06/23 -
-((radio or mobile orwireless orcell or USPAT; 10:13
_cellular or portable or hand$held or = USOCR; :
: remote or user or communication) FPRS; EPO;
adj2 (apparatus or phone or ‘JPO;

_ telephone or device or unit or ‘DERWENT;
_terminalor station or hand$set or=-IBM_TDB
 equipment))) near2 (request$3 or
-ask$3)) same (system information or:
-sib) same ((inhibit$3 or :
: prohibit$3)near2 (period or time)) :

$54 4 ? $53 and (@rlad<"20180402"or _US-PGPUB; :ADJ :ON 2020/06/23 :
-@ad<"20180402") -USPAT; : 10:14

_FPRS; EPO;
IPO; :
DERWENT; | :
IBM_TDB-

_((UE or WTRUor subscriber or -US-PGPUB; ADJ “ON 2020/06/23 ©
USPAT; 10:16

Ex.1002

APPLEINC./ Page 167 of 349



Ex.1002 
APPLE INC. / Page 168 of 349

cellular or portable or hand$held or = USOCR;
, remote or user or communication) -FPRS; EPO;
: adj2 (apparatus or phoneor -JPO;
: telephone or device or unit or -_DERWENT;
terminalor station or hand¢set or=-IBM_TDB
 equipment))) near2 (send$3 or :
: transmit$4)) same (system
_information or sib) same ((inhibit$3
_or prohibit$3)near2 (period or time))

$5610 $55 and (@rlad<"20180402" or -US-PGPUB; =ADJ -ON 2020/06/23.
: - @ad<"20180402") -USPAT; 10:33

-FPRS; EPO; : :
IPO;
_DERWENT;
-IBM_TDB

$57 81 '((UE or WTRU or subscriber or -US-PGPUB; = ADJ :ON ‘2020/06/23 ©
DG _((radio or mobile or wireless or cell or USPAT; : 10:42

_cellular or portable or hand$held or = USOCR; : :
remote or user or communication) -FPRS; EPO;

‘adj2 (apparatus or phone or -JPO;
telephoneordevice orunit or : DERWENT;
_terminalor station or hand$set or §_-IBM_TDB
 equipment))) near2 (send$3 or
_ transmit$4)) same (system
: information or sib) same ((inhibit$3
or prohibit$3 or wait$3 or refrain$3
or prevent)near2 (period or time)) : :

$58 76 $57 and (@rlad<"20180402"or -US-PGPUB; : ADJ “ON 2020/06/23 |
a -@ad<"20180402") -USPAT; : 10:47

-FPRS; EPO;
“IPO;
DERWENT;
IBM_TDB
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Response to Office Action dated February 20, 2020
Application No. 16/372,389

Attorney Docket No. US76468

IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

Application No. : 16/372,389

Application Filing Date : April 1, 2019

Examiner : BATISTA, MARCOS

Art Unit : 2642

Confirmation No. : 2472

Attorney Docket No. : US76468

First Inventor : HUNG-CHEN CHEN

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 February 20, 2020 in the

above-referenced patent application. Please kindly enter and consider the following

amendments and remarks.

Listing of Claims begin on page 2 of this paper.

Remarks begin on page 7 ofthis response.
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Listing of Claims

This listing of claims will replace all prior versions, and listings, of claims in the

application:

1. (Currently amended) A method of +reless-cemmiunicatierns 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. (Original) The method of claim 1, wherein the on-demand SI request

procedure is unsuccessful when oneofthe following conditions is met:

a numberof umes the UE transmits a random access preamble reaches a threshold; and

the UE receives SI request rejection information.

3. (Currently amended) The method of claim [[1]]25, wherein the SI request

failure information comprises at least one of the following:

 
the at least one requested SIB:
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the at least one requested SI message:

a cell identifier (ID) efthe-fiesteell associated with the BS;

a synchronization signal block (SSB) index for performing 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.

4-7, (Canceled)

8. (Currently amended) The method of claim 1, wherein when the UE is in a

dual connectivity mode, the-orn-demand-Slrequestpreceduremethod further comprises:

transmitting [[an]] a third SI request message to a master node whenthe UE requires on-
 

demand system information of a [[second]] cell belonging to a secondary node.

9, (Currently amended) The method of claim |[1]|25, +hereta—the—errer

handingprocedurefurthercomprisesfurther comprising:

transmitting the SI request failure information;

wherein the SI request failure information is transmitted to a master node when the VE

is in a dual connectivity mode.

10. (Canceled)

11. (Currently amended) A user equipment (UE), comprising:

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-readable

media, and configured to execute the computer-executable instructions to_perform operations

for an on-demand system information (SI) request procedure, the operations comprising:
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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

transmitling a second SI request message to the BS only when the at least one requested

STB is not received and the prohibit timer expires.

 
12. (Original) The UE of claim 11, wherein the on-demand SI request procedure

is unsuccessful when oneof the following conditions is met:

a numberof times the UE transmits a random access preamble reaches a threshold; and

the UE receives SI request rejection information.

13. (Currently amended) The UE of claim [[11]|30, wherein the SI request

failure information comprisesat least one of the following:

 
the at least one requested STB:

the at least one requested SI message;

a cell identifier (ID) efthe-frsteeH associated with the BS;

a synchronization signal block (SSB) index for performing the on-demand SI request

procedure;

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

a timestamp for performing the on-demandSI request procedure.

14-17. (Canceled)
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18. (Currently Amended) The UEofclaim 11, wherein when the UEis in a dual

connectivity mode, the-on-demand—Si-request-procedure-comprises the operations further

comprise:

transmitting |[an|| a third SI request message to a masler node when the UErequires on-
 

demand system information of a [[second]] cell belonging to a secondary node.

19, (Currently Amended) The UEof claim [[11]]30, wherein the-errer-handhne

procedurefurthercomprisethe operations further comprise:

transmitting the SI request failure information;

wherein the ST request failure information is transmitted to a master node when the UE

is in a dual connectivity mode.

20. (Canceled)

21. (New) The method of claim 1, wherein the first SI request message is

transmitted on signaling radio bearer 1 (SRB1).

22, (New) The method of claim 1, further comprising:

receiving, from the BS, the at least one requested SIB via dedicated signaling that is

transmitted in responseto the first SI request message.

23. (New) 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.

24, (New) The method of claim 23, wherein the fourth SI request message is

transmitted on signaling radio bearer 0 (SRBO).

Nn
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25. (New) The method of claim 1, further comprising:

storing SI request failure information after determining that the on-demand SI request

procedure is unsuccessful.

26. (New) The UEof claim 11, wherein the first ST request message is transmitted

on signaling radio bearer 1 (SRB1).

27. (New) The UEof claim 11, wherein the operations further comprise:

receiving, from the BS, the at least one requested SIB via dedicated signaling that is

transmitted in responseto the first SI request message.

28. (New) The UEof 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.

29, (New) The UE of claim 28, wherein the fourth SI request message is

transmitted on signaling radio bearer 0 (SRBO).

30. (New) 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 unsuccessful.
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Response to Office Action dated February 20, 2020
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Attorney Docket No. US76468

REMARKS

Prior to the present Amendment and Response, claims 1-20 were pending in the

present application. By the present Amendment and Response, claims 1, 3, 8, 9, 11, 13, 18

and 19 are amended, claims 4-7, 10, 14-17 and 20 are canceled without prejudice and

disclaimer, and claims 21-30 are newly added. Support for the amendments can be found,at

least, in paragraphs [0041], [0063] and [0068] of the originally filed application. No new

matter has been introduced. After the present Amendmentand Response, claims 1-3, 8-9, 11-

13, 18-19 and 21-30 remain pending in the present application.

Applicant respectfully requests reconsideration and allowanceofthe claims in viewof

the above amendments. As Applicant’s remarks and/or amendments are sufficient to

overcome the cited art of record, Applicant’s silence as to assertions by the Examinerin 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, and 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.Examiner’s Note

In the Non-Final Office Action dated February 20, 2020 (hereinafter “Office

Action”), the Examinerstates that the original claims 1, 10, 11 and 20 recite optional features

and the associated limitations do not hold patentable weight. See page 2, item 4 of the Office

Action. Without addressing the validity of the Examiner’s assertions, Applicant has amended

claims 1 and 11 and canceled claims 10 and 20 without prejudice and disclaimer.

B. Rejection of Claims 1-6, 10-16 and 20 under 35 U.S.C. § 103

In the Office Action, ihe Examiner rejects claims 1-6, 10-16 and 20 under 35 U.S.C.

103 as being unpatentable for purported obviousness over Ishii (U.S. Patent Application

Publication 2019/0215858) (hereinafter “Ishii’’) in view of Miyata (U.S. Patent Application

Publication 2006/0189336) (hereinafter “Miyata”). See, page 4, tem 9.

Applicant respectfully traverses the rejections, and each finding of fact, including

each assertion regarding what the references showor teach, any rationales for modifying
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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.

By the present Amendment and Response, Applicant has amended independent claim

1 to recite:

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 connectedstate, 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. See
claim 1 above.

Support for the amendments can be foundin the originallyfiled application.

In the Office Action, the Examinerasserts that paragraph [0118] of Ishii discloses the

feature “activating a prohibit timer; and avoiding initiating another on-demand SI request

procedure until the prohibit timer expires” recited in the original claim 4. See page 7 of the

Office Action.

Tuming to Ishii, Ishi describes a method for on-demand system information in

wireless communications. Ishii, in paragraph [0118], states:

In one configuration, the wireless terminal may use a counter, which is
incremented at every SI windowof a particular SIB (e.g. SIB#k). In this
configuration, the SIB reception procedure may end when the requested
SIB(s) are successfully received, or when the counter reaches a maximum
counter value. In another configuration the wireless terminal starts a timer at
the beginning of the SIB reception procedure. In this configuration, the SIB
reception procedure may end when the requested SIB(s) are successfully
received, or when the timer expires. The maximum counter value, or the
timer value, which may be common for all SIB types or per-SIB type basis,
may be pre-configured or configured by network via system information. The
conditions for the wireless terminal to end the SIB reception process is
referred as “termination conditions” herein. See paragraph [0118] of Ishu
(emphases added by Applicant).

APPLEINC./ Page 18
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As cited above, Ishii merely describes that the SIB reception procedure ends when

the timer expires. That is, the mer in Ishii is related to SIB reception. The timer value

determines the duration in which the UE receives the SIB. However, Ishii does not disclose a

timer for controlling the transmission of an SI request message. Thus, Ishii fails to disclose,

teach or suggest, at least, “activating a prohibit timer; and fransmitting a second SI request

message to the BS only whenthe at least one requested SIB is not received and theprohibit

timer expires,” as recited in amended independent claim 1.

Moreover,Ishii also fails to disclose, teach or suggest the feature, “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 al least one requested system information block

(STB),” recited in amended independentclaim 1.

Since Miyata fails to teach the features missing in Ishii, Applicant respectfully

submits that amended independent claim 1 is patentably distinguishable over Ishii even when

combined with Miyata.

As such, claims 2-3 depending from and further limiting independent claim | are, a

Jortiori, also patentably distinguishable over Ishii and Miyata, for at least the reasons

discussed above, and also for the additional features contained in each dependent claim.

By the present Amendment and Response, Applicant has also amended independent

claim 11 to include features similar to those in amended independentclaim 1. It is noted that

the Examiner, at page 8 of the Office Action, asserts the same portions of Ishii and Miyata

with regard to the similar limitations recited in independent claim 11. Therefore, for at least

similar reasons presented above with regard to amended independent claim 1, Applicant

respectfully submits that amended independent claim 11 is also patentably distinguishable

over Ishii in combination with Miyata. As such, claims 12-13 depending from claim 11 are,

a fortiori, also patentably distinguishable over Ishii and Miyata, for at least the reasons

discussed above, and also for the additional features contained in each dependentclaim.

Withdrawal of the pending rejection is therefore respectfully requested.

C.Rejection of Claims 7 and 17 under 35 U.S.C. § 103

In the Office Action, the Examinerrejects claims 7 and 17 under 35 U.S.C. 103 as

being unpatentable over Ishii in view of Miyata and further in view of Chen et al. (U.S.

Patent Application Publication 2019/0124715) (hereinafter “Chen”). See, page 9, item 10 of

the Office Action.
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By the present Amendment and Response, Applicant has canceled claims 7 and 17

without prejudice or disclaimer, thus rendering the rejection moot. Withdrawal of the pending

rejection is therefore respectfully requested.

D.Rejection of Claims 8, 9, 18 and 19 under 35 U.S.C.§ 103

In the Office Action, the Examinerrejects claims 8, 9, 18 and 19 under 35 U.S.C. 103

as being unpatentable over Ishii in view of Miyata and further in view of Park et al. (U.S.

Patent Application Publication 2018/0270792) (hereinafter “Park”). See, page 10, item 11 of

the Office Action.

The Examiner ciles Figs. 9A and 9B and paragraphs [0111J-[0116] of Park in

rejecting claims 8, 9, 18 and 19. See id. At pages 10-11.

Turning to Park, Park describes a radio access network paging area configuration.

However, in Figs. 9A and 9B and paragraphs [0111]-[0116], Park merely describes an

architecture and package flows for multi connectivity, such as dual connectivity. Park

introduces the concept of master base station, master cell group, secondary base station, and

secondary cell group. However, Park does not disclose or suggest an SI request procedure

that takes place in the dual connectivity scenario. Specifically, Park does not disclose how an

SI request message 1s transmitted when ihe UEis in the dual connectivity mode. Furthermore,

nowhere does Park disclose SI request failure information, let alone howthe SI request

failure information is transmitted when the UEis in the dual connectivity mode.

As such, Park fails to disclose, teach or suggest, at least, “transmitting a third ST

request message to a master node when the UE requires on-demand systeminformation ofa

cell belonging to a secondary node,” as recited in claims 8 and 18. Park also fails to disclose,

teach or suggest, at least, “transmitting the SI request failure information; wherein the SI

request failure information is transmitted to a master node when the VE is in a dual

connectivity mode,” as recited in claims 9 and 19.

E.Newly Added Claims 21-30

By the present Amendment and Response, Applicant has added new claims 21-30.

Support for newly added claims can be found in the originally filed application. Because

claim 1 is patentably novel and inventive over the cited references, Applicant respectfully

submits that claims 21-25 depending from and further limiting independent claim 1 are, a

fortiori, also patentably distinguishable over the cited references. In addition, claims 26-30

10
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depending from claim 11 are, a fortiori, also patentably distinguishable over the cited

references, for al least the reasons discussed above, and also for the additional features

contained in each dependent claim.

In particular, clatms 25 and 30 recite the feature “storing SI request failure

information after determining that the on-demand SI request procedure is unsuccessful.”

In the Office Action, the Examiner concedes that Ishii does not explicitly teach the

feature, “the error handling procedure comprises: storing SI request failure information,”

as recited in the original claim 1. The Examiner further relies on Miyata (paragraphs [0030]

and [0031]) for teaching the above-quoted feature. See pages 5-6 of the Office Action.

Turning to Miyata, Miyata describes a multimode access control method. Miyata, in

paragraphs [0030] and [0031], states:

[0030] The access-failure information mentioned here includes any
one of or the combination of access-failure information, such as an access-
system type, access time information, access-location information, an access-
failure reason, the number of access failures, etc. The access-system type
refers to information for identifying the cellular system to which access has
been failed. In this case, the information indicating “the cellular system A”.
The access time information refers to the time information at the time (any one
of: at determination start time, at determination completion time, or at any
time during the determination processing) of determining that an accessis not
available. The access time information uses standard time obtained from a

base station, local time information, or the number of clocks inside of the
mobile communication terminal, and a counter value.

[0031] In this regard, for obtaining information from a basestation in
the case of an access failure, if a response indicating abnormal completion
such as access unavailability, etc., is returned, that time information and the
reason of the access failure should be stored as access-failure information. If

some information is obtained in the case of an access failure, that information
should be used. Even if that information cannot be obtained, it is at least
possible to obtain time information from the clock inside of the mobile
communication terminal.

As quoted above, Miyata merely describes access failure information. The access

failure information may include a cellular system to which access has been failed, the time of

determining that an access is not available, and the reason of the access failure. However,

nowhere does Miyata disclose SI request failure information related to an unsuccessful on-

demand SI request procedure. Applicant respectfully submits that Miyata does not disclose

the feature “storing SI requestfailure information after determining that the on-demand ST

request procedure is unsuccessful,” recited in claims 25 and 30. Applicant also respectfully

ll

Ex.1002

APPLEINC./ Page 184 of 349



Ex.1002 
APPLE INC. / Page 185 of 349

Response to Office Action dated February 20, 2020
Application No. 16/372,389

Attorney Docket No. US76468

submits that claims 25 and 30, depending from and further limiting claims 1 and 11,

respectively, are, a fortiori, also patentably distinguishable over Ishii and Miyata, either alone

or in combination.

CONCLUSION

In view of the above, the undersigned representative respectfully submits that the

foregoing Amendment and Responseplaces 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

numbergiven below.

The undersigned representative requests any extension of time that may be deemed

necessary to further the prosecution ofthis 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.: US76468.

Respectfully submitted,

By /Alvin S. Koan, Reg.# 68468/
 

Registration No.: 68,468
ScienBiziP, P.C.
550 S. HopeStreet, Suite 2825
Los Angeles, CA 90071
Phone: (213) 426-1771
Fax: (213) 426-1788
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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.

16/372,389 04/01/2019 HUNG-CHEN CHEN US76468 2472

ScienBiziP, PC

550 South HopeStreet BATISTA, MARCOS
Suite 2825

2642

NOTIFICATION DATE DELIVERY MODE

02/20/2020 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

eoa-cbd @ scienbizip.com
eoa-procc @scienbizippe.com
eoa-proce @scienbizip.com

PTOT.-90A (Rev. 04/07)

Ex.1002

APPLEINC./ Page 187 of 349



Ex.1002 
APPLE INC. / Page 188 of 349

Application No. Applicant(s)
16/372,389 CHENetal.

Office Action Summary Examiner Art Unit|AIA (FITF) Status
MARCOS BATISTA 2642 Yes

-- The MAILING DATEofthis communication appears on the cover sheet with the correspondence address --

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLYIS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available underthe provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6} MONTHSfrom the mailing
date of this communication.

- IfNO period forreply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHSfrom 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 monthsafter 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 April 1, 2019.
C1 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/werefiled on .

2a)C) This action is FINAL. 2b)MThis action is non-final.

3)0) An election was madeby the applicant in responseto a restriction requirement set forth during the interview
on ; the restriction requirement and election have been incorporatedinto this action.

4). 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 Exparre Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*

5) Claim(s) 1-20 is/are pending in the application.
5a) Of the above claim(s) ___ is/are withdrawn from consideration.

) (J) Claim(s) __ is/are allowed.

) Claim(s) 1-20 is/are rejected.
)

)

8) © Claim(s) is/are objectedto.

(J Claim(s) are subjectto restriction and/or election requirement
* If any claims have been determined allowable, you may heeligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see

http:/Avww.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers

10)Z The specification is objected to by the Examiner.

11) The drawing(s) filed on April 1, 2019 is/are: a)f¥} 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)() Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)U All bj) Some** cc) Noneof the:

1.2) 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 Copiesof 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 fora 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) (J Other:
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 20200212
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Application/Control Number: 16/372,389 Page 2
Art Unit: 2642

Detailed Action

1. This Action is in response to Applicant's Patent Application filed on April 1, 2019.

Claims 1-20 are currently pending in the present application. This Action is made Non-

Final.

America Invents Act (AIA) Information

2. The present application, filed on or after March 16, 2013, is being examined

under thefirst inventor tofile provisions of the AIA.

Information Disclosure Statement

3. The information disclosure statement(s) submitted on 09/19/2019 (has/have)

been considered by the Examiner and made of record in the applicationfile.

Examiner’s Note

4. In claim 8 the features "performing an error handling procedureif the on-demand

SI request procedurein thefirst cell is unsuccessful ..." are optional features, so the

associated limitations do not hold patentable weight (see MPEP 2111.04).

In claim 10 the features “if the requested system information is considered

essential for the UE, the error handling procedure further comprises at least one of the

following ...” are optional features, so the associated limitations do not hold patentable

weight (see MPEP 2111.04).

In claim 11 the features "performing an error handling procedureif the on-

demand SI request procedurein thefirst cell is unsuccessful ..." are optional features,

so the associated limitations do not hold patentable weight (see MPEP 2111.04).

In claim 20 the features “if the requested system information is considered

essential for the UE, the error handling procedure further comprises at least one of the
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following ...” are optional features, so the associated limitations do not hold patentable

weight (see MPEP 2111.04).

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-AlIA 35 U.S.C. 102 and 103)is incorrect, any

correction of the statutory basis for the rejection will not be considered a new groundof

rejection if the prior art relied upon, and the rationale supporting the rejection, would be

the same undereither status.

6. The following is a quotation of 35 U.S.C. 103(a) which forms the basis forall

obviousnessrejections setforth in this Office action:

(a) A patent may not be obtained though the inventionis not identically disclosed or described as set
forth in section 102 ofthistitle, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obviousat the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the mannerin which the invention was made.

7. 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 asfollows:

Determining the scope and contents of the priorart.
Ascertaining the differences between the prior art and the claims at issue.
Resolving the level of ordinary skill in the pertinent art.
Considering objective evidence presentin the application indicating
obviousness or nonobviousness.

PoON>
8. This application currently namesjoint inventors. In considering patentability of the

claims the examiner presumesthat the subject matter of the various claims was

commonly ownedasof 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
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point out the inventor and effectivefiling dates of each claim that was not commonly

ownedasof the effective filing date of the later invention in order for the examinerto

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.

9. Claims 1-6, 10-16 and 20 are rejected under 35 U.S.C. 103 as being

unpatentable over ISHII; Atsushi US 20190215858 A1), hereafter “ISHII,” in view of

Miyata; Katsuya (US 20060189336 A1), hereafter “Miyata.”

Consider claim 1. ISHII discloses method of wireless communications performed

by a user equipment (UE), the method comprising: performing an on-demand system

information (Sl) request procedurein a first cell (see fig. 5, par. 0073; [0073] As

  used herein, "system information” ("SI") may include a Master

    Information Block (MIB) and several System Information Blocks

 (SIBs) which are provided on downlink radio resources allocated

to a access node. The system information may be broadcast, and

  some types of system information may be provided on demand,

  é.g., upon receipt of a request for system information from a

wireless terminal .); and performing an error handling procedure if the on-demand

SI request procedurein thefirst cell is unsuccessful (See par. 0192; [0192] FIG. 38

thus shows that, upon acquiring the Paging message, wherein
 

 after checking an incoming call for this wireless terminal, an 
 extra step (act 38-5) is added to check if the Paging message

indicates upcoming changes on the Minimum SI from the next

  modification period. If not, then similar to the sixth

  embodiment, the flow may proceed to the step "SIB updates for
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  on-demand SIB?" as shown in an appropriate one of FIG. 16, 19,

23, 27, or 31. Otherwise, the wireless terminal 26-36 further
 

 check if there is any SIB reception process currently ongoing
 

   for on-demand SIB(s) (act 38-7). If not, the wireless terminal
  

 may simply wait for the next modification period (act 38-9) and

then start to acquire the Minimum SI (act 38-10) as shown in

  FIG. 10. Otherwise, the wireless terminal 26-36 may continue the
 

 ongoing SIB reception procedure, in which, one new termination

 
condition (act 38-8A) is now added to the aforementioned

 termination conditions; the SIB reception procedure ends at the

 
next modification period boundary. As a result, if the wireless

 
terminal 26-36 fails to receive the requested SIB(s) before the  

  modification period boundary, it may terminate the ongoing SIB
 

      reception procedure unsuccessfully. After the termination of the

  (successful or unsuccessful) SIB reception procedure, the
     

wireless terminal may wait for the next modification period

boundary (act 38-9) if it is before the boundary and proceed to

 the Minimum SI acquisition shown in FIG. 9, or directly proceed

  to the Minimum SI acquisition if already after the boundary (act

38-10) .).

ISHII, however, does not particular refer to the following limitation taught by

Miyata, in analogous art; wherein the error handling procedure comprises: storing Sl

requestfailure information (see pars. 0030 and 0031; [0030] The access-

failure information mentioned here includes any one of or the
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combination of access-failure information, such as an access-

  
 

system type, access time information, access-location 
 information, an access-failure reason, the number of access

 

failures, etc. The access-system type refers to information for

identifying the cellular system to which access has been failed. 
In this case, the information indicating "the cellular system

    A". The access time information refers to the time information

 
at the time (any one of: at determination start time, at

 
determination completion time, or at any time during the

    
determination processing) of determining that an access is not

available. The access time information uses standard time

  
obtained from a base station, local time information, or the

 number of clocks inside of the mobile communication terminal,

and a counter value. [0031] In this regard, for obtaining

  information from a base station in the case of an access

failure, if a response indicating abnormal completion such as

access unavailability, etc., is returned, that time information

and the reason of the access failure should be stored as access-—

 failure information. If some information is obtained in the case  
  of an access failure, that information should be used. Even if

 
that information cannot be obtained, it is at least possible to

 
obtain time information from the clock inside of the mobile

communication terminal.).
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It would have been obviousto a person of ordinary skill in the art before the

effective filing date of the claimed invention to modify the invention of ISHII and haveit

include the teachings of Miyata. The motivation would have beenin order to manage

system resources(see pars. 0030 and 0031).

Consider claim 2 in view of claim 1 above. ISHII further discloses wherein the

on-demand SI request procedure is unsuccessful when oneof the following conditions

is met: a numberof times the UE transmits a random access preamble reaches a

threshold; and the UE receives SI request rejection information (see par. 0118).

Consider claim 3 in view of claim 1 above. ISHII further discloses wherein the Sl

requestfailure information comprises at least one of the following: an on-demand

system information block (SIB) requested by the UE; an on-demand SI message

requested by the UE;a cell identifier (ID) of thefirst cell; a synchronization signal block

(SSB) index for performing the on-demandSI request procedure; a message type of the

on-demand SI request procedure; and a timestamp for performing the on-demandS|

request procedure (see par. 0108).

Considerclaim 4 in view of claim 1 above. ISHII further discloses wherein the

error handling procedure further comprises: activating a prohibit timer; and avoiding

initiating another on-demand SI request procedure until the prohibit timer expires (see

par. 0118).

Consider claim 5 in view of claim 1 above. ISHII further discloses wherein when

the UE is in an idle state or an inactive state, the error handling procedure further

comprises: considering the first cell as barred; and performing a cell re-selection

procedure(see par. 0118).
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Considerclaim 6 in view of claim 1 above. ISHII further discloses wherein when

the UE is in a connected state, the error handling procedure further comprisesat least

one of the following: performing a re-establishment procedure to another qualified cell;

and switching to an idle state and performing a cell re-selection procedure (see pars.

0077-0083 and 0122).

Consider claim 10 in view of claim 1 above. ISHII further discloses considering

whetheror not requested system information in the on-demand SI request procedureis

essential for the UE; and if the requested system information is considered essential for

the UE, the error handling procedure further comprisesat least one of the following:

performing a cell re-selection procedureif the UE is in an idle state or an inactive state;

and switching to the idle state and performing the cell re-selection procedure if the UE is

in a connected state (see pars. 00074, 0077-0083 and 0122).

Consider claim 11, the subject matter recited in this claim has already been

addressedin rejection to claim 1. Therefore, it has been analyzed and rejected based

uponthe rejection to claim 1. Additionally, Lin discloses at paragraphs 197 and 198

computer-readable media including executable instruction to carry out the tasks as in

claim 1 above.

Consider claim 12, the subject matter recited in this claim has already been

addressedin rejection to claim 2. Therefore, it has been analyzed and rejected based

upon the rejection to claim 2.

Consider claim 13, the subject matter recited in this claim has already been

addressedin rejection to claim 3. Therefore, it has been analyzed and rejected based

upon the rejection to claim 3.
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Considerclaim 14, the subject matter recited in this claim has already been

addressed in rejection to claim 4. Therefore, it has been analyzed and rejected based

upon the rejection to claim 4.

Consider claim 15, the subject matter recited in this claim has already been

addressedin rejection to claim 5. Therefore, it has been analyzed and rejected based

upon the rejection to claim 5.

Consider claim 16, the subject matter recited in this claim has already been

addressedin rejection to claim 6. Therefore, it has been analyzed and rejected based

upon the rejection to claim 6.

Considerclaim 20, the subject matter recited in this claim has already been

addressed in rejection to claim 10. Therefore, it has been analyzed and rejected based

upon the rejection to claim 10.

10. Claim(s) 7 and 17 (is/are) rejected under 35 U.S.C. 103 as being unpatentable

over ISHII in view of Miyata as applied to claim 1 above, and further in view of Chen;

Wei-Yu et al. (US 20190124715 A1), hereafter “Chen.”

Considerclaim 7 in view of claim 1 above. ISHII, as modified by Miyata,

disclosesall the limitations that this claim depends upon, but does notparticularly refer

to the following limitation, as taught by Chen, in analogousart; wherein the on-demand

SI request procedure comprises: transmitting an SI request message on signaling radio

bearer 0 (SRBO)if the UE is in a connected state or an inactive state (see par. 0414).

It would have been obviousto a person of ordinary skill in the art before the

effectivefiling date of the claimed invention to modify the invention of ISHII, as modified
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by Miyata and haveit include the teachings of Chen. The motivation would have been in

order to speed up control information exchange (see par. 0414).

Consider claim 17, the subject matter recited in this claim has already been

addressedin rejection to claim 7. Therefore, it has been analyzed and rejected based

upon the rejection to claim 7.

11. Claim(s) 8, 9, 18 and 19 (is/are) rejected under 35 U.S.C. 103 as being

unpatentable over ISHII in view of Miyata as applied to claim 1 above, and furtherin

view of Park; Kyungmin et al. (US 20180270792 A1), hereafter “Park.”

Considerclaim 8 in view of claim 1 above. ISHII, as modified by Miyata,

disclosesall the limitations that this claim depends upon, but does notparticularly refer

to the following limitation, as taught by Park, in analogous art; wherein when the UE is

in a dual connectivity mode, the on-demand SI request procedure comprises:

transmitting an SI request message to a master node whenthe UE requires on-demand

system information of a second cell belonging to a secondary node (see figs. 9A and

9B, pars. 0111-0116).

It would have been obvious to a person of ordinary skill in the art before the

effective filing date of the claimed invention to modify the invention of ISHII, as modified

by Miyata and haveit include the teachings of Park. The motivation would have beenin

order to acquire control information from neighboring nodes(see figs. 9A and 9B,pars.

0111-0116).

Consider claim 9 in view of claim 1 above. ISHII, as modified by Miyata,

disclosesall the limitations that this claim depends upon, but does not particularly refer
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to the following limitation, as taught by Park, in analogous art; wherein the error

handling procedure further comprises: transmitting the SI request failure information;

wherein the SI requestfailure information is transmitted to a master node when the UE

is in a dual connectivity mode (see figs. 9A and 9B, pars. 0111-0116). The motivation

would have beenin order to acquire control information from neighboring nodes (see

figs. 9A and 9B, pars. 0111-0116).

Consider claim 18, the subject matter recited in this claim has already been

addressedin rejection to claim 8. Therefore, it has been analyzed and rejected based

upon the rejection to claim 8.

Consider claim 19, the subject matter recited in this claim has already been

addressed in rejection to claim 9. Therefore, it has been analyzed and rejected based

upon the rejection to claim 9.

Conclusion

12.=Any inquiry concerning this communication or earlier communications from

the Examiner should be directed to Marcos Batista, whose telephone numberis (571)

270-5209. The Examiner can normally be reached on Monday-Friday from 8:00am to

5:00pm.

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:/Awww.uspto.gov/interviewpractice.

If attempts to reach the Examiner by telephone are unsuccessful, the Examiner’s

supervisor, Rafael Pérez-Gutiérrez can be reachedat (571) 272-7915. The fax phone
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numberfor 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, seehttp://pair-direct.uspto.gov. Should

you have questions on accessto 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.

/MARCOS BATISTA/

Primary Examiner, Art Unit 2642

February 12, 2020
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Publication Date:10/03/2019

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http:/Awww.uspto.gov/pattt/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon paymentof the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reachedby telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and TrademarkOffice,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and
the dates of receipt of correspondencefiled in the Office, may also be accessedvia the Internet through
the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. Thedirectlink to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.
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Art Unit

 
INFORMATION DISCLOSURE

STATEMENT BY APPLICANT  
   

( Not for submission under 37 CFR 1.99)   Examiner Name | 
  Attorney Docket Number US76468 

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement wasfirst cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a

foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to
any individual designated in 37 CFR 1.56(c) more than three monthsprior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

 

  
 

See attached certification statement.

The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

*  Acertification statement is not submitted herewith.
SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Name/Print Alvin Koan Registration Number 68468 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public whichis to file (and by the USPTOto process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour 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 amountof 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: Commissionerfor Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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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.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 abandonmentof the application or expiration of the patent.

The information provided by youin 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 ofInformation 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 Justice to determine whether the Freedom ofInformation Act requires disclosure of these record s.

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 counselin the course of settlement
negotiations.

A record in this system of records may be cisclosed, as a routine use, to a Member of Congress submitting a
requestinvolving an individual, to whom the record pertains, when the individual has requested assistance fram the
Memberwith respect to the subject matter of the record.

A recordin this system of records maybe 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).

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.

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)).

A record 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 GSAaspart of that agency's responsibility to
recommend improvements in records managementpractices and programs,underauthority 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 anyotherrelevant(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations aboutindividuals.

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 wasfiled in
an application which became abandonedorin 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.

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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English Translation ofAbstract of China Patent Anolication No. 

CN1076902004

The invention provides a random access method and a termine! and relates ta the

technical field of communication, The method comprises the sieps. of obtaining

replaced access configuration efnployed when the terminal randomly accesses a

network apain after a process: Of randomly accessing the network; and randomly

accessing the network-again according to the replaced access configuration employed

when the.terminal randomly accesses the network again after the terminal accesses ihe

network unsucce fully in the -process.of randomly accessing the network. According

tothe scheme provided bythe nvention, aretransmission aceess success rate ofrandans

nétess sequence can be improved, and the whole random access delay is reduced.
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English Translation ofAbstract of China Patent Anolication No. 

CNIO7809753.4

The invention provides a contrul method and device for connecting an eMCterminal

toa base station. The method comprises the steps off when ihe basé station of an eMTC

system 16 prepared to be accessed randorily, randomly generating the firat connection

times and, after the first connection time is delayed. sending a randomaccess request to

the base station of the eMTCsystem. By means ofthe method, the signalling storm due

te the fact that alargenumber ofeMTC terminals simultaneously initiate random access

requests can be avolkled; therefore, the cMTC network congestion probability. is

reduced: the success rate of randomly accessing the eMTCterminal to the base station

is Sfleetively increased: and the control method and device provided by the invention

have relatively low conyplexity, and have better optimization and improvement effects

on congestion control of the sMTTC system.
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English Translation ofAbstract of China Patent Anolication No. 

CN107223353A

The invention discloses a method, apparatus. user equipment and base siatiom for

requesling a systein message. The method herein. includes the falloavinw. steps:

transmitting a tirstrandom: access request which carries atleast ove lead code which

inarks @ lo-be-requested system message; Within a preset tbhe period, monitoring 4

response message which corresponds to the first. random access request, the response

message carrying information for responding to. the lead code; when the response

message is monitored, based on the lead. code marker containedin the response message,

in a transmilling windowof the to-be-requesied system message which corresponds to

the lead code marker, moniforing and receiving the to-be-requested syston: message.

According to the technical solution.of the invention, the methad herein can prevent the

failure of the base station to broadcast second type system messages dnéto the faihire

ofrequesting the to-besrequested sysiemmessage by the UE through the randomaccess

request, and can prevent the subsequent long time delay of obtaining the system

message by the UE.
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ON-DEMAND SYSTEM INFORMATION REQUEST PROCEDURE
AND ERROR HANDLING

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. 62/651,312, filed on April 2, 2018, entitled “On-Demand System

Information Request Procedure and Error Handling,” with Attorney Docket No. US73481

(hereinafter referred to as “US73481 application”). The disclosure of the US73481 application is

hereby incorporated fully by reference into the present application.

FIELD

[0002] The present disclosure generally relates to wireless communication, and more

particularly, to the on-demand system information (SI) request procedure for the next generation

wireless communication networks.

BACKGROUND

[0003] The concept of on-demand System Information (SI) request has been introduced in

the next generation wireless network (e.g., a 5" generation (SG) new radio (NR) network). When

a UE finds that a required SI message(s) is not broadcasted, based on information in the System

Information Block Type | (SIB1) (e.g., a one-bit indicator that shows whether the corresponding

SI messageis currently broadcasted or not) and the mapping of the SIBs to ST 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 mechanismfor error handling associated with the on-demand SI request

procedure.

SUMMARY

[0004] The present disclosure is directed to on-demand system information request

procedure and the corresponding error handling procedure for the next generation wireless

communication networks.

[0005] According to an aspect of the present disclosure, a method of wireless
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communications performed by a user equipment (UE) is provided. The method includes

performing an on-demand system information (SI) request procedurein a first cell; and performing

an error handling procedure if the on-demand SI request procedurein thefirst cell is unsuccessful.

The error handling procedure includes storing SI request failure information.

[0006] 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 andat least one processor coupled to the one or more non-transitory

computer-readable media. The at least one processor is configured to execute the computer-

executable instructions to perform an on-demand system information (SD request procedure in a

first cell, and perform an error handling procedure if the on-demand SI request procedure in the

first cell is unsuccessful. The error handling procedure includes storing SI request failure

information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] 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.

[0008] Fig. 1 is a sequence diagram illustrating the transmission of SI request failure

information, according to an exemplary implementation of the present application.

[0009] 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.

[0010] 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.

[0011] Fig. 4 is a sequence diagramillustrating an example of a UE determiningthefailure

of an SI request in the DC mode, according to an exemplary implementation of the present

application.

[0012] 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
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application.

[0013] Fig. 6 is a flowchart for a method of wireless communications performed by a UE,

according to an example implementation of the present application.

[0014] Fig. 7 illustrates a block diagram of a node for wireless communication, in

accordancewith various aspects of the present application.

DETAILED DESCRIPTION

[0015] 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 disclosure is not limited to merely these exemplary implementations. Othervariations

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.

[0016] 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 1s shown in thefigures.

[0017] The description uses the phrases “in one implementation,” or “in some

implementations,” which may each refer to one or more of the sameor 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.”

[0018] 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-
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known methods, technologies, system, architectures, and the like are omitted so as not to obscure

the description with unnecessary details.

[0019] 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 exemplary implementations described in this specification are

oriented to software installed and executing on computer hardware, nevertheless, alternative

exemplary implementations implementedas firmware or as hardware or combination of hardware

and software are well within the scope of the present disclosure.

[0020] 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.

[0021] A radio communication network architecture (e.g., a long term evolution (LTE)

system, a LTE-Advanced (LTE-A) system, a LTE-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 basestations.

[0022] 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
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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 morecells in a radio access network.

[0023] A basestation 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 basestation 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 basestation may connectto serve the one or more UEsthrougha radio interface to the network.

[0024] A base station 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 EDGEradio 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), 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.

[0025] The base station is operable to provide radio coverage to a specific geographical

area using a plurality of cells forming 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

optionally uplink resourcesto at least one UE withinits radio coverage for downlink and optionally

uplink packet transmissions). The base station can communicate with one or more UEsin 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 (V2.X) service. Each

cell may have overlapped coverage areas with othercells.

[0026] 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
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reliable communication 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 mayserve 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.

[0027] Moreover, it is also considered that in a transmission time interval TX ofa 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, sidelink resource may also be provided in a NR frame to

support ProSe services or V2X services.

[0028] The 3rd Generation Partnership Project (3GPP) has introduced a new radio resource

control (RRC)state (1.e., the RRCINACTIVEstate) for the next generation (e.g., 5th generation

(5G)) wireless communication networks. The RRC_INACTIVEstate (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 communications

(MTC) scenarios. When a UE 1s in an inactive state, the 5G radio access network (SG-RAN)(e.g.,

the next generation radio access network (NG-RAN), other 3GPP/non-3GPP access network

connected to a 5G core network) and the UE store the “UE context” (which mayinclude 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)).

[0029] The on-demand SI request procedure may be implemented differently for the UEs

that are in different Radio Resource Control (RRC) states. For example, in one implementation,

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 thatis in an idle state or an inactive state, the NW may deliver on-demand SI messages

or SIB(s) via broadcasting. In some implementations, the NW may control the message type for
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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 (MSG3) based

approach.

[0030] 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.

[0031] In an MSGI1-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.

[0032] In some of the present embodiments, an RA procedure for SI request may be

considered successful when the UE receives an MSGz2that includes a RAPID corresponding to

the transmitted preamble. The MSG2 reception may use an RA-RNTIthat corresponds to the

MSGItransmitted by the UE.

[0033] In some of the present embodiments, the UE may retransmit the RA preamble

according to an NR RA power ramping when the SI request is considered to be unsuccessful. The

MSGI 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 upperlayer (e.g., RRC layer). In some of the present embodiments, a Back off mechanism

may be applicable to the MSG1-based SI requests. In some of such embodiments, however, no

special back off sub-header/procedure maybe required.

[0034] In some of the present embodiments, if the RA preamble and/or the PRACH

resource (or PRACHoccasions)specific to each SIB or set of SIBs (which the UE needsto 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 occasionsfor the SI request using the MSG3-based

approach may notbe reserved in some aspects of the present embodiments. RRC signaling may
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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.

[0035] In some ofthe present embodiments, a temporary C-RNTI recerved in the MSG2

may be used for an MSG4 reception. The UE maycheckthe contention resolution Medium Access

Control (MAC) Control Element (CE) against the transmitted request.

[0036] Specifically, based on the MSGI -based SI request procedure, 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 transmitted preamble is received, the UE

may retransmit the RA preamble until the corresponding RAR is received. The MSGI for SI

request re-transmission, in someofthe present embodiments, may be continued until a maximum

preamble transmission is reached. In some of such embodiments, an RA problem maybe indicated

to the upper layers. However, during the whole MSGI -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 MSGI1-based SI

request procedure when the required SIB(s) has been broadcasted.

[0037] As described above, based on the MSGI -based ST request procedure, a UE which

transmits a preamble on a dedicated PRACHresource 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 transmitted preamble is received, the UE may retransmit the RA preamble

until reaching a maximum preamble transmission, and then an RA problem maybeindicated to

upper layers. If the corresponding RAR is received, the UE may send an MSG3to indicate the

required SIB(s) and/or SI message(s). After sending the MSG3, the UE mayneed to wait for a

period e.g., defined by a contention resolution timer) for receiving the MSG4 for contention

resolution. If the contention resolution timer expires and no MSG4is received, the UE may

retransmit a preamble again. In someofthe present embodiments, the MSG1 for the SI request

re-transmission may be continued until a maximumpreamble transmission is reached. In some

aspects of the present embodiments, an RA problem maybe indicated to the upperlayers. Similarly,

since contention resolution is also adopted for the MSG3-based SI request procedure, an RA

problem maybe indicated to the upperlayers if the maximum preambletransmission is reached.

[0038] CASE 1: A UE’s behaviour when an on-demand SI request is unsuccessful for the
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UEin anidle state or an inactivestate:

[0039] When an MSG1-based SI request or an MSG3-based SI request procedurein a cell

is failed, the UE may considerthe cell as barred, or may consider that the required SIB(s) and/or

SI message(s) are not available. In one implementation, the UE may consider the on-demand SI

request procedure as unsuccessful when the numberof times the UE transmits a random access

preamble reachesa 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.

[0040] 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 300s).

The UE mayperform a cell reselection procedureto find anothercell 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.

[0041] If the UE considers that the required SIB(s) and/or SI message(s) are not available,

the UE maynot 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 1s reported, or when

ST request rejection information 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 upperlayer(e.g., the RRC layer) receives the SI request rejection information, or recerves

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 someof 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.

[0042] In one implementation, if the prohibit timer is not present in the signaling from the

NW,it is up to UE’s implementation on whento start the SI request procedure again.

[0043] In one implementation, the UE maydetermine whether to perform a cell reselection

procedure dueto a failure of the MSGI-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
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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.

[0044] The UE mayperform a cell reselection procedure due to a failure of the MSGI-

based SI request or the MSG3-based SI request. Specifically, when the UE performs a cell

reselection procedure, the UE may considerthe cell, for which the UE fails to request the required

SIB(s) and/or SI messages(s), as barred or having a lowerpriority (e.g., by setting the priority of

the frequency on whichthe 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 whetherto re-request the

requested SIB(s) or SI messages(s) on the camped cell. In one implementation, 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 upperlayer (e.g., the RRC layer) receives the RA

problem due to an SI request failure from the lowerlayer (e.g., the MAClayer). 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.

[0045] CASE2: A UE’s behaviour when the on-demand SI request is unsuccessful for the

UE in a connectedstate:

[0046] A UE mayalso request the required SIB(s) or SI message(s) while the UE ts ina

connected state. Normally, the UE may receive the required SIB(s) or SI message(s) via dedicated

signaling. If the UE doesnot receive the required SIB(s) or SI message(s) via dedicated signaling,

(e.g., no response from the NW side to deliver the required SIB(s) or SI message(s), or receiving

SI request rejection information), the UE may consider that there is an NW error and perform

reestablishmentto 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 reestablishmentis 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 byconsidering thecell as barred.

[0047] In one implementation, the NW may respond an SI request rejection
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message/information to the UE. After receiving the SI request rejection message/information, the

UE mayconsider 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 receivesthe SI request rejection message/information.

After the prohibit timer expires, the UE may perform an SI request procedure again. The prohibit

timer may be preconfigured or may be a fixed value.

[0048] In one implementation, when the SI request procedure is unsuccessful, the UE may

perform, at least, a reestablishment 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.

[0049] In one implementation, the requested SIB(s) or SI messages(s) may be

defined/considered as the essential ST 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 considerthe cell in which the SI requestis failed as barred, or having a lower

priority when performing a cell reselection procedure (e.g., by setting the priority ofthe frequency

on which the barred cell 1s 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.

[0050] 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 mayprovidethe required SIB(s) or SI message(s)

in the HO command (e.g., based on the SI request information provided in the HO Request

message from the source gNB).

[0051] 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-demandSI 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 maytry to resolve the SN SI request rejection/failure

problem. For example, in one aspect of the present embodiments, the MN mayrelease the SN or

change the SN to a new SNfor the UE.

[0052] CASE3: Store and report the information related to the ST request failure:

[0053] An MSGI-based SI request or an MSG3-bsed SI request procedure may be failed
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when a lowerlayer (e.g., the MAC layer) informs an upperlayer (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 includeat 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.,

MSGl1-based or MSG3-based), the timestamp (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 MSGI -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 mayreport such failure information to the NW when switching

to aconnectedstate later. The UE may mandatorily report the information ofthe SI requestfailure,

according to the configuration, or upon an NW request. The content of the SI request failure

information maybe predefined, may be based on the required information indicated in the received

SI request failure information message, or may be based on the configuration.

[0054] 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

providethe information related to SI request failure. For example, serving node 104 may send an

SI Request Failure Information Request message to UE 102 if UE 102 informs serving node 104

that such information is stored. In one implementation, UE 102 mayset one bit in an RRC message

(e.g., 1n the RRC Connection Setup Complete message or in the RRC Connection 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 information stored. Serving node 104 may determine

to request the SI request failure information after receiving such information from UE 102. In

action 112, UE 102 may send a message including the SI request failure information to serving

node 104.

[0055] Byutilizing the SI request failure information, serving node 104 may know howto
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adjust the SI request mechanism between the MSGl1-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 MSGI-based SI request for the UEs

in idle/inactive state to avoid an RA collision by using the dedicated RA resource(s) for ST 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.

[0056] In one implementation, UE 102 maystore 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.

[0057] Whenthe ST request procedure for a UE that is in a connectedstate 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 maystore the information of the SI request

failure. In one implementation, when the SI request procedure is unsuccessful, UE 102 may

perform re-establishmentto another qualified cell, or UE 102 may switch to an idle state 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 STB(s), the required ST

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 connectedstate 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.

[0058] Similarly, UE 102 may store the SI request failure information when UE 102 is in

a connected state if the SI request is unsuccessful (where SI request procedure may be an MSG1-

based Sl approach or an MSG3-based SI approach). The SI requestfailure information may include

at least one of the following: the on-demand SIB(s) requested by UE 102, the on-demand SI

message(s) requested by UE 102, the cell ID (of the cell which VE 102 preforms SI procedure but

failed), SSB Index(s) (Synchronization Signal Block Index(s)) to perform the on-demand ST

request procedure, the messagetype of the unsuccessful SI request procedure (e.g., MSGI-based
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or MSG3-based), and the timestamp (e.g., when to performthe 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.

[0059] It may be beneficial for the NW to knowthe information related to SI requestfailure.

For example, the NW may determine whichcell, SIB(s)/SI message(s), or the related dedicated

preamble may have problems. Asa result, the NW 1s likely to overcomethe problem afterwards,

or the NW may consider adopting another mechanism for serving the SI request.

[0060] In the DC mode, a UE mayinform the cause of a Secondary Node (SN) SI request

failure, or the information related to the ST request failure, to a Master Node (MN) whenthe 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 maytry 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 SNfor the UE.

[0061] CASE4: Harmonization ofthe SI Request messagesin idle, inactive, and connected

states:

[0062] 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) maybe the same foridle,

inactive, and connected states, resulting in an RRC message harmonization. The SI request

message may be transmitted on the SRBO withoutintegrity protection and ciphering, even if the

UE 1s in a connected state, or in an inactive state, where integrity protection and ciphering may

have been already applied.

[0063] In one implementation, the SI request message (which is an RRC message) that

includes no UE ID maybethe sameforidle, inactive, and connected states. The UE may transmit

the SI request message on the SRBO when the UE is in anidle 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
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state. Both integrity protection and ciphering may applyto the SRB1.

[0064] In one implementation, the SI Request message (which is an RRC message) may

be the samefor 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 maytransmit 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 SRB1. In an inactive State, the UE maystill have the UE context and the NW’s

configuration for integrity protection and ciphering.

[0065] In one implementation, whether the SI request message1s 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.

[0066] It may be beneficial to keep the commonality of the SI Request message with

respect to the UEsin different states, which may lead to simplification ofthe overall system design

in some of the present embodiments.

[0067] CASE5: Thestructure of an SI Request Message:

[0068] In one implementation, the SI request message in the MSG3(e.g., in an MSG3-

based ST request procedure) may be the samefor 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 SI 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) 1s

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)

1s requested.

[0069] Different implementations regarding the different STB-based granularities will be

discussed next:
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[0070] CASE5-1:

[0071] In the SI Request message, there may be a choicestructure 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 useafirst 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 commonbitmap for the UE to

indicate which SI message(s) is requested or which SIB ID(s) is requested.

[0072] CASE5-2:

[0073] In the SI Request message, there may be a choice structure in which the UE may

chooseto use the SI message-based granularity or the SIB-based granularity. The UE mayselect

one of the two types of granularity based on the NW configuration. The NW configuration may

be delivered to the UE via dedicated signaling or via broadcasting. In one implementation, the UE

may usea first bitmap to indicate which SI message(s) is requested and a second bitmapto indicate

which SIB(s) is requested. In one implementation, there may be a commonbitmap for the UE to

indicate which SI message(s) is requested or which SIB ID(s) is requested.

[0074] CASE5-3:

[0075] 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 granularity, or uses both SI message-based granularity and

SIB-based granularity. The UE mayusea 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.

[0076] CASE 5-4:

[0077] 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 maybe used for the SI-

based granularity, which may be mandatorily appended in the SI request message. The second

level bitmap maybe used for the STB-based granularity, which may be optionally appended in the

SI request message if the corresponding SIbit is set to “1”in the first level bitmap. As an example,
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in which there are 5 SI messages, and the SI message#3 includes SIB#7, SIB#8, SIB#9 andSIB#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 message#3), and the UE mayfurther optionally append the second

level bitmap “0100” (which indicates the third STB in the ST message#3). Consequently, a gNB

may provide SIB#9 specifically in response to such an SI request message. In one implementation,

if the second bitmap does not appear, the sNB may provide the complete SI message#3.

[0078] CASE6: On-demand SI Request Procedure in an NR-NR DC scenario:

[0079] 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 andreceive the required

SIB(s) from a secondary node (SN) or the serving cells in a secondary cell group (SCG).

[0080] CASE 6-1:

[0081] When a UE is in an NR-NR DC modeand one or more SIBsor one or more SI messages

are required, the UE maybe onlyallowedto send the SI request message to the master node (MN)

in someof the present embodiments.

[0082] 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 maytransmit an SI request

message to MN 106 when UE 102 requires on-demand system information of a cell belonging to

MN106 ora 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 basestations (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 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 SI 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.

[0083] Whenthe 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 maytransmit

the required SI to UE 102. When the UE requires on-demand system information of a cell
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belonging to SN 108, ifthe 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 ST Request Notification from MN 106 (e.g., action 212).

[0084] 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 VE 102 only when receiving the SI Request Notification from MN 106.

[0085] In one implementation, UE 102 is only allowed to send the SI request messageto

MN 106. The UE may indicate in the SI request messagethat the SI Requestis 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 maybe 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 mayfollow the minimum

SI’s indication (e.g., SI transmission period) of MN 106 or SN 108to receive the SI while the SI

request message 1s marked to MN 106 or SN 108, respectively. In another implementation, UE

102 may not mark the ST 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.

[0086] If someorall 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 whetherto perform

the SCG changeaction or release SN 108 for UE 102.

[0087] CASE6-2:

[0088] Whena UE in the NR-NR DC mode and one or more SIBs or SI messages are

required, the UE maysend the SI request message to the MN and/or the SN whenrequired.

[0089] 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 maytransmit RRC

Reconfiguration with the required ST 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
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to SN 108.

[0090] Whensomeorall 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 STB(s) or ST message(s). MN 106 may decide whether to perform

the SCG change action or release SN 108 for UE 102.

[0091] 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 determinesthe failure of the SI request, e.g., when the numberoftimes

UE 102 transmits the random access preamble reaches a threshold. After determining the on-

demandST request procedure is unsuccessful, UE 102 maystore 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.

[0092] Fig. 5 is a sequence diagramillustrating 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, 1n 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-demandSI 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.

[0093] If UE 102 determines that the SI request procedure on SN 108 has failed (e.g.,

action 412 in diagram 400 oraction 512 in diagram 500), UE 102 may inform MN 106 ofthe 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-demandSI request for the SIB(s) of SN 108is 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 (ofthe cell which the UE preformsSI procedurebut 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
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example, MN 106 may release SN 108 or change SN 108 to a new SN for UE 102.

[0094] CASE 7: An RA Problem caused by the MSG1-based/MSG3-bsed SI request

procedure:

[0095] A UE in connected state may be allowed to apply an MSGI -based SI request

procedure and/or an MSG3-based SI request procedure. In one implementation, ifthe RA problem

is caused by the MSGI -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.

[0096] In one implementation, the UE maystill 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 STB or SI message maynot be essential). In

this scenario, the UE maynot consider the RA problem as a normalradio link failure, and the UE

may not perform a re-establishment procedure, or enter into an idle state.

[0097] In one implementation, the UE maystill be fine even if the requested SIB(s) or SI

message(s) 1s not received from the SN (e.g., in a dual connectivity mode). In this scenario, the

UE maynot consider the RA problem as a normal radio link failure, and the UE mayreport the ST

failure information to the MN. For example, when the RA problem is reported and the upperlayer

(e.g., the RRC layer) knows that the problem is caused by an SI request, the UE may initiate a

transmission 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).

[0098] In one implementation, the UE maystill 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 maynot consider the RA problem as a normal radio link failure, and the UE may notreport

the SI failure information to the MN. For example, when the RA problem is reported and the

upper layer (e.g., RRC layer) knowsthat 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 MACentity associated with the SCG (or SN).

Whenthe upperlayer(e.g., the RRC layer) receives the RA problem caused by the SI request from
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the lowerlayer(e.g., the MAC layer), 1t may also inform the NASlayer (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 samecell, or not trigger the SI request procedure 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 requestfailure.

[0099] In one implementation, whether the SN initiates the transmission of the SI failure

information report to the MN may depend on the NW configuration.

[00100] Fig. 6 is a flowchart for a method of wireless communications performed by a UE,

according to an example implementation of the present application. In Fig. 6, the process/method

600 includesactions 602, 604, 606, and 610.

[00101] In action 602, the UE may perform an on-demand system information request

procedure in a cell. The UE maybein idle, inactive, or connected state. In addition, the UE may

be in a single connectivity mode or a dual connectivity mode.

[00102] In action 604, the UE may determine whether the on-demandSI request procedure

is successful. In one implementation, the on-demand SI request procedure is considered

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 procedureis successful, the process 600 may end.

[00103] In action 606, the UE may perform an error handling procedure corresponding to

the on-demand SI request procedure. 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 maystore 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.

[00104] 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,
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and at least one antenna 736. Node 700 mayalso include a Radio Frequency (RF) spectrum band

module, a base station communications module, a network communications module, and a system

communications management module, input/output (I/O) ports, IYO components, and power

supply (not explicitly shown in Fig. 7). Each of these components may be in communication with

each other, directly or indirectly, over one or more buses 740.

[00105] 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

implementations, transcetver 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.

[00106] 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-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 modulesor other data.

[00107] 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 modulesor 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” meansa signal that has one or more

of its characteristics set or changed in such a manneras 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.

[00108] 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.
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Exemplary memoryincludes solid-state memory, hard drives, optical-disc drives, and etc. As

illustrated in Fig. 7, memory 728 may store computer-readable, computer-executable instructions

732 (e.g., software codes) that are configured to, when executed, cause processor 726 to perform

various functions described herein, for example, with reference to Figures 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.

[00109] Processor 726 may include an intelligent hardware device, e.g., a central processing

unit (CPU), a microcontroller, an ASIC, and etc. Processor 726 may include memory. Processor

726 may process data 730 and instructions 732 received from memory 728, and information

through transceiver 720, the base band communications module, and/or the network

communications module. Processor 726 may also process information to be sent to transceiver 720

for transmission through antenna 736, to the network communications module for transmission to

a core network.

[00110] 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, andetc.

[00111] 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 implementations, a person of ordinaryskill in the art may recognize that changes can be

madein form and detail without departing from the scope ofthose concepts. As such, the described

implementations are to be consideredin all respects as illustrative and notrestrictive. 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

WHATIS CLAIMEDIS:

1. A method of wireless communications performed by a user equipment (UE), the

method comprising:

performing an on-demand system information (SI) request procedurein a first cell; and

performing an error handling procedure if the on-demand SI request procedure in the first

cell is unsuccessful, wherein the error handling procedure comprises:

storing SI request failure information.

2. The method of claim 1, wherein the on-demand SI request procedure is

unsuccessful when one ofthe following conditions is met:

a number of times the UE transmits a random access preamble reachesa threshold; and

the UE receives SI request rejection information.

3. The method of claim 1, wherein the SI request failure information comprises at

least one of the following:

an on-demand system information block (SIB) requested by the UE;

an on-demand SI message requested by the UE;

a cell identifier (ID) ofthefirst cell;

a synchronization signal block (SSB) index for performing the on-demand SI request

procedure;

a messagetype of the on-demand SI request procedure; and

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

4. The method of claim 1, wherein the error handling procedure further comprises:

activating a prohibit timer; and

avoiding initiating another on-demand SI request procedure until the prohibit timer expires.

5. The method of claim 1, wherein when the UE is in an idle state or an inactivestate,

the error handling procedure further comprises:
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considering thefirst cell as barred; and

performing a cell re-selection procedure.

6. The method of claim 1, wherein when the UE is in a connected state, the error

handling procedure further comprises at least one of the following:

performing a re-establishment procedure to another qualified cell; and

switching to an idle state and performing a cell re-selection procedure.

7. The method of claim 1, wherein the on-demand SI request procedure comprises:

transmitting an SI request message on signaling radio bearer 0 (SRBO) if the UE is in a

connected state or an inactivestate.

8. The method of claim 1, wherein when the UE is in a dual connectivity mode, the

on-demand SI request procedure comprises:

transmitting an SI request message to a master node when the UE requires on-demand

system information of a secondcell belonging to a secondary node.

9. The method of claim 1, wherein the error handling procedure further comprises:

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. The method of claim 1, further comprising:

considering whether or not requested system information in the on-demand SI request

procedureis essential for the UE; and

if the requested system information is considered essential for the UE,the error handling

procedure further comprises at least one of the following:

performing a cell re-selection procedureif the UE is in an idle state or an inactive state;

and

switching to the idle state and performingthecell re-selection procedure if the UE is ina

connected state.
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11. A user equipment (UE), comprising:

one of 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-readable media,

and configured to execute the computer-executable instructionsto:

perform an on-demand system information (SI) request procedure inafirst cell; and

perform an error handling procedure if the on-demand SI request procedurein thefirst cell

is unsuccessful, wherein the error handling procedure comprises:

storing SI request failure information.

12. The UE of claim 11, wherein the on-demand SI request procedure is unsuccessful

when oneofthe following conditions is met:

a numberoftimes the UE transmits a randomaccess preamble reaches a threshold; and

the UE receives SI request rejection information.

13. The UE of claim 11, wherein the SI request failure information comprisesat least

one of the following:

an on-demand system information block (SIB) requested by the UE;

an on-demand SI message requested by the UE;

a cell identifier (ID) of the first cell;

a synchronization signal block (SSB) index for performing the on-demand SI request

procedure;

a messagetype of the on-demand SI request procedure; and

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

14. The UE of claim 11, wherein the error handling procedure further comprises:

activating a prohibit timer; and

avoiding initiating another on-demand SI request procedure until the prohibit timer expires.

15. The UE of claim 11, wherein when the UE is in an idle state or an inactivestate,
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the error handling procedure further comprises:

considering thefirst cell as barred; and

performing a cell re-selection procedure.

16. The UE of claim 11, wherein when the UE is in a connectedstate, the error handling

procedure further comprisesat least one of the following:

performing a re-establishment procedure to another qualified cell; and

switching to an idle state and performing a cell re-selection procedure.

17. The UE of claim 11, wherein the on-demand SI request procedure comprises:

transmitting an ST request message on signaling radio bearer 0 (SRBO) if the UE is in a

connected state or an inactivestate.

18. The UE of claim 11, wherein when the UE 1s in a dual connectivity mode, the on-

demand SI request procedure comprises:

transmitting an SI request message to a master node when the UE requires on-demand

system information of a secondcell belonging to a secondary node.

19. The UE of claim 11, wherein the error handling procedure further comprises:

transmitting the SI request failure information;

wherein the SI request failure information is transmitted to a master node when the UE ts

in a dual connectivity mode.

20. The UE of claim 11, further comprising:

considering whetheror not requested system information in the the on-demand SI request

procedureis essential for the UE; and

if the requested system information is considered essential for the UE, the error handling

procedure further comprises at least one of the following:

performing a cell re-selection procedure if the UE is in an idle state or an inactive state;

and

switching to the idle state and performing the cell re-selection procedure if the UE is ina
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connected state.
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ABSTRACT

A method of wireless communications performed by a user equipment (UE) 1s provided.

The method includes performing an on-demand system information (SI) request procedure in a

cell; and performinganerror handling procedureif the on-demand SI request procedurein the cell

is unsuccessful. The error handling procedure includesstoring SI request failure information.
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PTOMALAAT WG-12}
Approved for use dkrdugh O1312014. OMB G8S)-do32

US Patent and Trademark Office, US) DEPARTMENT OF COMMERCE
pond te 4 collection: of information uniess. it displays a Valid OMB cantral number.

 
 

 

 

 
 Underthe Paperwork Raduotion Acbot 1995, ho persans are required fa

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN

 1 Title of OR
invention [HANDLING

As the-belaw nared inventor, | nareby declare that:

This declaration igs eeeceh ;
ot ES The attached application, oris directed te: is) SRES BOPNCal

 
[| United: States application or PCTinternational application number _

fiisel on

The above-identified application was made orauthorized to be made. by me.

i believe that | amitheorginal inventor or an uriginal joint inventor of a. claimed invention inte application,

i hereby acknowledge that any wififaise statement made in this declaratian is punishable under 19 U-S.C. 1007
i by fine or imprisonment of not more than five (5) years, pr both.

WARNING:

Petitioner/applicant is cautioned te avoid submiliing persorial information in documarts fied in a patent application ihat may.
I cantribite ta identity theft. Personal information such as social security numbers, bank account huUmbers, or credi card numbers
{other thane check orcrecit card authorization form PPO-2038 submitted for seyment purposes) is never required by the USPTO!

Ito support peltion or an application. ifthia type of personal information is inchided iA-documents submitied to ihe USPTO,
| notitiorersfapplicanis should consider redacting such personal information from.the docunrents before submitting them. to the

USPTG. Petitioner/apelicant is advised ihat the record of a patent application is avaiable to the public after publicetion of the
appiléstion (uniéss a non-publication requestin compliance with G? CFR 1,24.3(20 is inade:in the application) of issuance of a
patent. Furthermore, the record from an’abandoned application may aisn be available to the public ifthe application is
referenced ina published application or an issuad patent (sae 37 CFR 4.14). Checks and credit card: authorization fons
PTO-2038 submitted for paynient purposes are nolL retained in the application file andtherefore are not publicly availabis.

LEGAL NAME OF INVENTOR

HUNinventor: Date (Ootional +_

Signature:
   

i Nofe: An application data sheet {(PTG/SB44 or equivalent), inchuding naming the entire inventive antiy, must-accompany this form or must have
bean previously fied. Use an additicnal PTO/AIA/Oform tor each additional inventor,

This-collection.of information is tequired by 35 U.S.C. 149 and 97 CFRS.63The information is required tocobtainor retains beveit by the public whichis to Hefand
dy the LISPTO to process) ae appiication. Contidentiakly is qovemed by BS ULSIC. 122 end 37 CFR 141 ang 1:14. This-vollec is cathmated to lake.t minuie to
complete, including gathering, Sreparing, and submitting Ihe completed applicationform tothe USPTO. Tine will vary depending pon the individual sass. Ariy
comments on the amount ottime you require to cariplete this-form andor sugeéstions for racusing this burden, should be sent ie the Ghief Information Oficer, GS.
Patent and Trademark Olics, US: Departivent of Commenie, P.O: Box 4450, Alexandria, VA 4450. 20 NOP SEND FEES OR. COMPLETED FORMS TO
+HIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box $430, Alexandria, VA 22393-4450,

Fyou need assistance it comphitinig ihe funn, catt TDPTO-G129 andt select option. 2.
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SBLGAT. AOADIUAIO wa ceo

MPVAIALOE {G4 2)
Approved for use ibrough OVS12074. DMB OO5t-DUd2

US. Patent and Trademark Office, U.S. DEPARTMENTOF COMMERCE

Unidertie Pe penwork Reduation Act of 1995. no DOIBCTS are required ie respondte sailectionof information uniess tt displays avalic bontect number,
DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN

APPLICATION DATA SHEET (87 CFR 2.76)

  
   

  

FORMATION REQUEST PROCEDURE AND ERROR 
 
i tiweor | ON-DEMAND SYSTEM |
i invention [HANDLING

Ags the below named inventor, Phereby declare that:

This declaration ¢ > aohed asolituatiig directed to: & The attached application, or
 

C4 United States applicationor PCT international apglication number
fledon

The above-identified apoliastion was rade cr-authorized to be made by me.

i believe thal l arn the original inventor or an-original joint inventer of 4 claimed inventionin the application.
to

[hereby acknowledge that any willful false statement made in this declaration is purishable under 18 U.S2C. 1004
oy fine or imprisenrnent of net more than five {5} years, or both.

WARNING:

i Pettioner/appticantis cautioned to avoid submitting personal infor'matian in documents filed. ina paient application that may i
| contribute to identity theft. Personal information suchas social security nunsers, bank account numbers, or credit card numbers 4
| other then a check or credil card authordzation form PTO-2036 submitied for payment purposes) is-never. required by the USPTO4
i fo support bpelifian or an application. this type of personal information is includéd im documents Subraitied to the USPTO, :
| pelitioners/appiicants. should consider redacting such personal information tram the documents: before submilling them. to the
PUSPTO, Patilonerapplicant is advised thal the record of a patent.a pelication is available to the public after publication of the
| application (unless. non-publication requestin corapligngée- with 37 CFR 4.2173(a) is made in the application) or issuance of a
i patent. Furthermore, ihe record frora an abandoned apolication may aisabe available io the public if the application js
{ referenced in-a publisfied application of an issued patent (see 47 CFR 3.14), Checks and credit card: authorization farms
i 2FO.2038 submitted for payment purposes are nol yelained in the applicallon fle and therefore are not publicly availabis.

LEGAL NAME OF INVENTOR

GInventor: Date (Optional 

  Signature:  

i Note: An appiication data sheet (PTO/SB/34 or equivalent), including naming the entice inventive entity, muslaccompany this forms or must have
i beer previoksly fled, Lise an additional PTO/AIA/Q1 form: for sack additional inventor,

 information. is raguired. tag: oF etsin a bénsiit-by the pubtic whichts 16. file (and
Sl.2 and a7 GER ti and 1.414 This collection: is estimated to tate. 1 minute to
ation form tothe LSPTA. Tine witvary depending wpon the individual case, Any

somiments.on Hie armouni sfilme yuu naquire to conipleté this font andidr suggestions far radueing this Hurden, shapkt be sent tothe Chiet Information Officer, U.S:
Patentand Tradernark OFce, US. Gepartment of Gormerce, P.O. Box 1450, Aexandria; VA 22373-1450 DO NOT SEND FEES. OR COMPLETED FORMS TO
THIS SUORESS. SEND TG: Commissioner for Patents; P.O. Box 1450, Alexandria, VA 22341-1450.

Hyon feeeasistance in completing Heitor, cad T-BOG-F TO-O199 and sefset option =

this eaiiection of information is t i
By the USPTOUo process}.an application. Confidentiality is govemed by 39 U
complete, including gathering, praparing, and submitting the completed app
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PTOVAIAMT (G6-12)
Approved for use through 01/31/2014. OMB 0651-0032

UG. Patent and Trademark Office; U.S, DEPARTMENT OF COMMERCE
Under the Paperwork Reducticn Act of 1995, no persons are required to respond to a collection of information unlessit diaplays 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 |ON-DEMAND SYSTEM INFORMATION REQUEST PROCEDURE AND ERROR
Invention THANDLING

As the below named inventor, | hereby declare that:

This declaration | The attached applicaiian, oris directed to:  [| United States application or PCT international application number
filed on

The above-identified application was made or authorized te be made by me.

| believe that | arm the original inventor or an original joint inventor of a claimed invention in the application.

i hereby acknowledge that any willful false staternent made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not mora than five (5) years, or both.

WARNING:

Petitioner/appiicant 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 sequrity numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorlzation 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/applicanis 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 (unlass 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 ff the application is
referenced in a published application or an issued patent {see 37 CFR 1.14). Ghecka and credit card authorization forms
PTO-2038 submitted for payment purposas are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

inventor: YUNG-LAN TSENG

Signature: __ eng™ Cow Teenes,
Date (Opticnal) :
 

Nate: An application data sheet (PTO/S8/14 of equivalent), including naming the antira inventive entity, must accompanythis form or must have
beenpreviously filed. Use an additianal PTO/AIA/O1 formfor each additional inventor.

This collection of infarmation Is required by 35 U.S.C, 115 and 37 CFR 1.83. The infarmationis required to obtain or retain a benefit by the public whichis to file (and
by the UISPTS toa process) an applicatioa. Carticdentialily is governed by 35 U.S.C. 122 and 37 CFR 1.41 ars 1.14. This ceilectian is estimatadtn take 1 minute to
complete, including galteritig, preparing, and subrmilting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amaunt of ime you require to complete this form and/or suggestions for reducing this Surden, should be sent te the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandvia, VA 22373-1450. 9O NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450,

if you need assisiance in completing the form, call 7-800-PTO-9799 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 unlessit contains a valid OMB control number.

icati

Application Data Sheet 37 CFR 1.76
Application Number 

Title of Invention|ON-DEMAND SYSTEM INFORMATION REQUEST PROCEDURE AND ERROR HANDLING   
The application data sheetis part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arrangedin 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 maybe printed and included in a paperfiled application. 

Secrecy Order 37 CFR5.2:

Oo Portionsorall of the application associated with this Application Data Sheet mayfall under a Secrecy Order pursuantto
37 CFR 5.2 (Paperfilers only. Applications that fall under Secrecy Order may notbefiled electronically.)

 

 

Inventor Information:

 

Middle Name Family Name

  
 

Mailing Addressof Inventor:

Address 1 F F., No.87, Ln. 28, Sec. 1, Tiedao Rd., East Dist.
Address 2 |
city[sic—_*YSitatePProvince

Postal Code Countryi

Inventor b
Legal Name

FtTEBrewns 5
Residence Information (Select One) US Residency @) Non US Residency Active US Military Service

City[sechyYCountry of Residence! |

 

 

 

 

 
 
 

Mailing Addressof Inventor:

Address 1 DF-1, NO. 5, HSIN-AN RD.

Address 2 HSINCHU SCIENCE-BASED INDUSTRIAL PARK, TAIWAN

eiy[peneSSCS StteProvince | |
  
 

Inventor

Legal Name

  
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 unlessit contains a valid OMB control number.

Attorney Docket Number|US76468 
Application Data Sheet 37 CFR 1.76

Application Number 

Title of Invention|ON-DEMAND SYSTEM INFORMATION REQUEST PROCEDURE AND ERROR HANDLING

retSeemsaneanaesTaTLHessen a
Residence Information (Select One) US Residency (@) Non US Residency Active US Military Service

Country of Residence|

 

 

 

 

Mailing Addressof Inventor:

Address 1 DF-1, NO. 5, HSIN-AN RD.,

Address 2 HSINCHU SCIENCE-BASED INDUSTRIAL PARK

oa Code | TW
All Inventors Must Be Listed - Additional Inventer 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.
Forfurther information see 37 CFR 1.33(a).

 

 

[_] An Addressis being provided for the correspondence Information of this application.

[customernumber[PW

[EmaitAddress|poesbasiencan———~dCA)el
[EmaitAdiess|posmece@sipscon—*Cl

Application Information:

Application Type|onmovonal
Subject Matter py

Total Number of Drawing Sheets(if any) [7|SuggestedFigureforPublication(ifany)|b|

 

  
 

  
  

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 unlessit contains a valid OMB control number.

Attorney Docket Number|US76468
Application Data Sheet 37 CFR 1.76
 

Application Number 

Title of Invention|ON-DEMAND SYSTEM INFORMATION REQUEST PROCEDURE AND ERROR HANDLING 
Filing By Reference:

Only complete this section whenfiling an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this sectionif
application papers including a specification and any drawingsare 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 purposesof a filing date under 37 CFR 1.53(b), the description and any drawingsof the present application are replaced by this
reference to the previouslyfiled application, subject to conditions and requirements of 37 CFR 1.57(a). i

Application numberof the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country
filed application

Po
Publication Information:

[_] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

   
 

Request Not to Publish. | hereby requestthat 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 andwill not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen monthsafterfiling.
 
Representative Information: 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a powerof 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
Numberwill be used for the Representative Information during processing. 

Please Select One: @ Customer Number US Patent Practitioner ©) Limited Recognition (37 CFR 11.9) Customer Number |4000

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.
Whenreferring to the current application, please leave the “Application Number”field blank.

Application Number Continuity Type

|laims benefit of provisional | 62/651312
Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

 

   
  

 
 
 

  
  
 
 

Remove

Filing or 371(c) Date
(YYYY-MM-DD)

  
 

  

 
 Prior Application Number

 

  
 

2018-04-02

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 unlessit contains a valid OMB control number.

Attorney Docket Number|US76468 Application Data Sheet 37 CFR 1.76
Application Number

Title of Invention|ON-DEMAND SYSTEM INFORMATION REQUEST PROCEDURE AND ERROR HANDLING 
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.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval underthe priority document exchange program (PDX)! 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(q){1).

Remove

Application Number Filing Date (YYYY-MM-DD) Access Code (if applicable)

 

 

 

Additional Foreign Priority Data may be generated within this form by selecting the
Addbutton.

 
 

Statement under 37 CFR 1.55 or 1.78 for AIA (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 effectivefiling date on or after March

[] 16, 2013.
NOTE:By providing this statement under 37 CFR 1.55 or 1.78, this application, withafiling date on or after March
16, 2013, will be examined underthefirst inventorto file provisions of the AIA.
 

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 unlessit contains a valid OMB control number.

Attorney Docket Number|US76468 
Application Data Sheet 37 CFR 1.76

Application Number 

Title of Invention|ON-DEMAND SYSTEM INFORMATION REQUEST PROCEDURE AND ERROR HANDLING 
Authorization or Opt-Out of Authorization to Permit Access:

Whenthis Application Data Sheet is properly signed 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 Ain subsection 1 below) and the European Patent Office (EPO) 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 below, 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 INITIALfiling 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. Authorization 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 (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and anyotherforeign intellectual property office
participating with the USPTOin a bilateral or multilateral priority document exchange agreementin which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
andits related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application andits related bibliographic data, and (3) the date offiling of this Authorization. See 37 CFR 1.14(h)
(1).

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 accessto the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
applicationis 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 USPTOto permit a participating foreign IP office access to the instant
|] application-as-filed. If this box is checked, the USPTOwill not be providing a participating foreign IP office with

any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTOto 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: Oncethe 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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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 unlessit contains a valid OMB control number.

Attorney Docket Number|US76468
Application Data Sheet 37 CFR 1.76
 

Application Number 

Title of Invention|ON-DEMAND SYSTEM INFORMATION REQUEST PROCEDURE AND ERROR HANDLING 
Applicant Information:
 

Providing assignmentinformation 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 4

If the applicantis the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
Theinformation to be provided in this section is the name and addressof the legal representative whois the applicant under 37 CFR
1.43; or the name and addressof the assignee, person to whom the inventoris under an obligation to assign the invention, or person
who otherwise showssufficient 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 inventoris obligated to assign, or person who otherwise showssufficient
proprietary interest) together with one or morejoint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

Legal Representative under 35 U.S.C. 117 Joint Inventor

Person to whemthe inventoris obligated to assign. Person who showssufficient proprietary interest

 

If applicant is the legal representative, indicate the authority to file the patent application, the inventoris:

Nameof the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. x

Organization Name : G Innovation Company Limited
Mailing Address Information For Applicant:

Address1

Address 2

 

 

 

 

 

Phone Number    

  
Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.

AssigneeInformation including Non-Applicant Assignee Information:
 

Providing assignmentinformation in this section does not substitute for compliance with any requirementof part 3 ofTitle
37 of CFR to have an assignment recorded by the Office.
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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 unlessit contains a valid OMB control number.

Attorney Docket Number|US76468 
Application Data Sheet 37 CFR 1.76

Application Number 

Title of Invention|ON-DEMAND SYSTEM INFORMATION REQUEST PROCEDURE AND ERROR HANDLING

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 assigneeis also desired on the
patent application publication. 

Remove  

 

Prefix Given Name Middle Name   
Mailing Address Information For Assignee including Non-Applicant Assignee:

pares?
|esoe

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 INITIALfiling 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 patentpractitioner if one or more of the applicants is a juristic
entity (€.g., corporation or association). If the applicant is two or morejoint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or morejoint inventor-applicants who have been given
powerof attorney (e.g., see USPTO Form PTO/AIA/81) on behalf ofall joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures andcertifications.

 

 

Signature /Calvin H Chai/ Date (YYYY-MM-DD)| 2019-04-01
 

First Name i Last Name i Registration Number

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 unlessit contains a valid OMB control number.

Attorney Docket Number|US76468 
Application Data Sheet 37 CFR 1.76

Application Number 

Title of Invention|ON-DEMAND SYSTEM INFORMATION REQUEST PROCEDURE AND ERROR HANDLING 
This collection of information is required by 3 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTOto process) an application. Confidentiality is governed by 35 U.S.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 upontheindividual case. Any comments on the amountof 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: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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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 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. 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 abandonmentof
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 onthis form will be treated confidentially to the extent allowed under the Freedom ofInformation 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 Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

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 counselin the course of settlement negotiations.

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, whenthe individual has requested assistance from the Memberwith respect to the subject matter of the record.

A recordin 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).

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 CooperationTreaty.

Arecord 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)).

Arecord from this system of records maybedisclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSAas part ofthat agency's responsibility to recommend improvementsin records managementpractices 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
recordsfor this purpose, and any other relevant(i.e.,GSA or Commerce) directive. Such disclosure shall not be used te make determinations about
individuals.

Arecord from this system of records may bedisclosed, 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 wasfiled in an application which became abandonedorin which the proceedings were terminated and which application is
referenced by either a published application, an application open te public inspections or an issued patent.

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 ofa violation or potential viclation of law or regulation. 
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Electronic Patent Application Fee Transmittal

Filing Date:

Title of Invention: HANDLING
ON-DEMAND SYSTEM INFORMATION REQUEST PROCEDURE AND ERROR

First NamedInventor/Applicant Name: HUNG-CHEN CHEN

Calvin H Chai/CHUNHUA HU

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount
Sub-Totalin

USD($) 

Basic Filing:

UTILITY APPLICATION FILING 300 300
 

UTILITY SEARCH FEE 1 6  60 660

Patent-Appeals-and-Interference:
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Post-Allowance-and-Post-Issuance:

Extension-of-Time:

Miscellaneous:

Total in USD (S$) 
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Electronic AcknowledgementReceipt

a

a

ON-DEMAND SYSTEM INFORMATION REQUEST PROCEDURE AND ERROR
Title of Invention: HANDLING

a

ae

Application Type: Utility under 35 USC 111{a)

 
 

Paymentinformation:

[BeposkaccuSSCS

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpaymentas follows: 
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Document

Number

Information:

Information:

DocumentDescription

Powerof Attorney

Specification

File Size(Bytes)/ Multi Pages
Message Digest|Part /.zip| (if appl.)

1138475

US764681 90401 POA. pdf 26db23fef9397e20a60 14dd0e 199.353 108a4|
61S4f

266081

US76468190401_Spec.pdf 23897da0b83 lad 166cc347b92df13d 1059419}
Bcafo

 

Claims

103161

US76468190401_Clms.pdf ¢5$b419fb2b5 2cef66ba1053738ae4299ec:
cd0S
 

Warnings: 

Information:
 

Information: 
Information:

Information:

Abstract

Drawings-only black and white line
drawings

Oath or Declaration filed

US76468190401_Abst.pdf 1ef3100572c492fa842d52b45edcaee282c82}
dle

723031

US76468190401_draw.pdf 761525ccefel e1 08f7d9e9e4ffo0F7547efodo|
e21

966773

US76468190401 DEC. pdf 3380b9206d37c6646c18b33c3d287722703
a3d6ea
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1792868

Application Data Sheet US76468__ADS.pdf c3Sed7cad3fdf4049b2chfc020036e6cha8al
79be

Information: 

Fee Worksheet (SB06) fee-info.pdf 7d97cha7232777394181 1ec71 d8de448t3 I
9f0a

Warnings: 

Information:

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 applicationis being filed and the application includes the necessary componentsfora 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 shownonthis
AcknowledgementReceiptwill establish thefiling 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 acceptanceof 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 componentsfor
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
andof the InternationalFiling Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shown on this AcknowledgementReceiptwill establish the international filing date of
the application.
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