a9y United States

12y Patent Application Publication o) Pub. No.: US 2023/0328645 Al
Shikari et al.

US 20230328645A1

43) Pub. Date: Oct. 12, 2023

(54) NOTIFICATION SUPPORT IN EXTENDED
DISCONTINUOUS RECEPTION MODL

(71) Applicant: Apple Inc., Cupertino, CA (US)

(72) Inventors:

(21) Appl. No.:

(22) Filed:

Murtaza A. Shikari, Cupertino, CA
(US); Srirang A Lovlekar, Cupertino,

CA (US); Sethuraman Gurumoorthy,

San Jose, CA (US); Haljing Hu,

Beijing (CN); Fangli Xu, Beijing (CN);

Srinivasan Nimmala, San Jose, CA
(US); Yuqin Chen, Shenzhen (CN);
Sree Ram Kodali, Sunnyvale, CA
(US); Longda Xing, San Jose, CA

(US); Dawei Zhang, Saratoga, CA (US)

18/330,601

Jun. 7, 2023

Related U.S. Application Data

(62) Daivision of application No. 16/899,303, filed on Jun.

11, 2020, now Pat. No. 11,678,263.

(30) Foreign Application Priority Data

Aug. 13, 2019

Publication Classification

(51) Int. CL.
HO4W 52/02 (2006.01)
HO4W 76/28 (2006.01)
HO4W 4/06 (2006.01)
HO4W 68/00 (2006.01)
HO4W 4/90 (2006.01)
HO4L 67/568 (2006.01)
(52) U.S. CL
CPC ... HO4W 52/0216 (2013.01); HO4W 76/28
(2018.02); HO4W 4/06 (2013.01); HO4W
68/005 (2013.01); HO4W 4/90 (2018.02);
HO4L 67/568 (2022.05)
(57) ABSTRACT

Systems, apparatuses, and methods for notification support
in extended discontinuous reception mode. A base station
and UE may configure eDRX communication. An indication
may be received during the eDRX communication. The
network may cache the indication. The network may modify
the DRX configuration. The network may use a wake up
signal. In response, the UE may receive the indication while

(CN)

201910746188.7 achieving power savings ifrom the eDRX configuration.

Establishing celiufar
communication petween

a base station and a UE
1707

Communicate according to eDRX
configuration
1704

Transmit a message auring an off
duration of the eDRX cycie
1706

Cache the message
1708

Transmit the cached message
during an on duratton of the
eDRX cycle
1708




Patent Application Publication  Oct. 12,2023 Sheet 1 of 18 US 2023/0328645 Al

Accessory

UE .
P Device
UE / 1068

Station
102

FIG. 1

106

Base ACCessory

Station Device
102 107

FIG. 2



Patent Application Publication  Oct. 12,2023 Sheet 2 of 18 US 2023/0328645 Al

UE

106/107
NAND
310
Memory ROM
306 390
MMU
340

Motion
Processor(s) Sensing
302 Circuitry
370

Dispiay

Circuit .
SOC 304 i Display
300 — 360

Cellular BLUETOOTH™
Modem Logic 5 Antenna
334 336 3353
. - S Antenna
Radio, BT, WiFi 335h

330

FIG. 3



Patent Application Publication Oct. 12, 2023 Sheet 3 of 18 US 2023/0328645 Al

BS
102

Memory
460

Processor(s)
404
: Communication
Radio Chain Antenna(s)
430 432 434

FIG. 4




Patent Application Publication  Oct. 12,2023 Sheet 4 of 18 US 2023/0328645 Al

Companion is hot in
proximity

Cell BB on

Nofification

e

FIG. 5



Patent Application Publication Oct. 12, 2023 Sheet 5 of 18 US 2023/0328645 Al

*----—--- >
DRX Cycle Len ‘]‘
(e.q. 1.26 secs}
Awake Pertod Steep Period
1. Monitor Paging Save Power

2. Measure/Sync

FIG. 6



L Ol
003 81BIS

US 2023/0328645 Al

!
O A v “
il m
— “
0 |
- = |
S L . OUeq AN femojeo “
° Loy m (003)
> _ | 18)U80) suoneIsdp
= i m Aousbirowi3 (2207
)
e “ m
e )
— |
Q& — 101263168y Loy _
o |
= @ vvv “
: m
C 2IN)oNSeU| “
18pIN0I4 SYND 7
Q ||||||||||||||||

sefuaby
|818p8{

Aemajes)
FOPINOIA SYIND

c.:t - e e e e s Em s em s em s e

Patent Application Publication
O mmmmmmed e



Patent Application Publication Oct. 12, 2023 Sheet 7 of 18 US 2023/0328645 Al

U NW NW
e (MME 1) (MME 2)
— 804 806

UE Camps on Cell Attached
to MME 1 (TAC 1)
808

Aftach Req (Reg eDRX Cyc!e)

Aftacn Acc (Clg eDRX Cyc!e)

UE is OK with Cfg eDRX
Cycle, Cfg Lower Layers
814

UE resefects to cell atiached
to MME 2 (TAC 2}
819

816
TAU Req (Reg eDRX Cycle)

TAU Acc (Cfq eDRX Cycle) o18

UE 1s OK with Cfg eDRX
Cycle, Cfg Lower Layers

820

FIG. 8



Patent Application Publication Oct. 12, 2023 Sheet 8 of 18 US 2023/0328645 Al

Po—— pu—
DRX Cycle Len Active CMAS
(e.q. 1.28 secs) Broadcast by
Network
e >

eDRX Negotiated Cycle Len
(e.g. 5.17 secs)

FIG. 9



Patent Application Publication  Oct. 12, 2023 Sheet 9 of 18 US 2023/0328645 Al

UE gNB
1002 1004

UE is camp in Standatone mode in 5G NR and has done successtul Registration with gNB. UE is
in RRC ldle state and 1s configured for normal DRX mode of operation {DRX occasion = T_IDRX)

1006

PAGING REQUEST
(cmas_indication = FALSE, etws_indication = FALSE)

PAGING REQUEST
(cmas_indication = FALSE, etws_indication = FALSE}

1008
- 1

1010
T1+T IDRX

PAGING REQUEST
(cmas_indication = FALSE, etws_indication = FALSE]

1011
T1+ (27 T _IDRX}

FPAGING REQUEST 1019
{cmas_inaication = FALSE, etws_indication = FALSE)

o

Case 1. CMAS use case PAGING REQUEST 016
(cmas_indication = TRUE, etws_indication = FALSE)

SYSTEM INFORMATION BLOCK 1
(SIB8 Scheaule Information)

SYSTEM INFORMATION BLOCK &8
(CMAS Payloaa)

I

 Case 2: ETWS use case

T1+ ((N-1)* T_iDRX)

1+ (N *T_iDRX)

1018

1020

o PAGING F?EQUESTl | {004
{cmas_indication = FALSE, etws_indication = TRUE} T4+ (N *T_iDRX)
SYSTEM INFORMATION BLOCK 1 1096
(SIB6/SIB7 Schedule Intormation)
SYSTEM INFORMATION BLOCK 6

(ETWS Primary Noffioation Payload) "3

SYSTEM INFORMATION BLOCK 7

1030

(ETWS Secondary Notification Payload)

FIG. 10



Patent Application Publication Oct. 12,2023 Sheet 10 of 18  US 2023/0328645 Al

UE gNB
1102 1104

UE is camp in Standalone mode in 5G NR and has done successtul Registration with gNB. UE s in
RRC Idie state and 1s configured for extended DRX mode of operation (DRX occasion = [_eDRX)
Note: T eDRX>=1T iDRX
1106

PAGING REQUEST

(cmas_indication = FALSE] 1108

1
A CMAS event has happened during this eDRX duration. UE 1s

not informed since it (s in eDRX mode. gNB buffers the SIB8
1110

Buffered SIB8

Short Message DL DCI 1_0 avallabie

_ 1112 ¥
1144 _ (buffered_cmas = TRUE; T1+eDRY

Case 1A;: CMAS Broadcast use case

SYSTEM INFORMATION BLOCK 1

si-BroadcastStatus = Broadeasting, SIB=Typeinfo = 8188)1 116

SYSTEM INFORMATION BLOCK 8

(CMAS Payioaa, TIME_STAMFP} 1118

UE vertties the Himestamp on received SIBS before
indicating the CMAS payioad to higher layers

1120

Case 1B: CMAS non-Broadcast uise case

SYSTEM INFORMATION BLOCK 1
si-BroadcastStatus = non-Broadcasting, SIB-1ypeinfo = SiB6)

1124

On Demand SIB Request using RACH followed by SIB8 Read
1226

ON DEMAND — SYSTEM INFORMA TION BLOCK 8

(CMAS Payload, TIME_STAMP) 1128

UE verities the Timestamp on received SIB8 before

indicating the CMAS payload to higher layers
1130

FIG. 11



Patent Application Publication  Oct. 12,2023 Sheet 11 of 18  US 2023/0328645 Al

UE gNB
1202 1204

UE is camp in Standalone mode in 5G NR and has done successful Registration with gNB. UE is in
RRC Idle state and is configured for extended DRX mode of operation (DRX occasion = T_eDRX)
Note: T_eDRX>=T_iDRX
1206

PAGING REQUEST
{etws_indication = FALSE}

A ETWS event has happened during the eDRX duration. UE s not informed
since it is in eDRX mode. gNB buffers the SIB6/SIBY for some duration.

1210
Ry _.
Short Message D_L DCI1 0 oo Sig?vaifabie
1214 (buffered_etws = TRUE] Py

A
Case 1A: £TWS Broadcast use case

1216

SYSTEM INFORMATION BLOCK 1
(si-BroadcastStatus = Broadcasting, SiB=1ypeinfo = SIBP/SIB/)

SYSTEM INFORMATION BLOCK 6
(ETWS Primary Notification Payload, TiME_STAMP)

1218

SYSTEM INFORMATION BLOCK 7/

1220 (ETWS Secondary Notification Payload, TIME_STAMP)

UE verifies the Timestamp on received SiB6/SIB7

before indicating the ETWS payload to higher layers
1227

Case 1B: ETWS non-Broadcast use case
1996 SYSTEM INFORMATION BLOCK 1
(si-BroadcastStatus = non-Broadcasting, SIB-Typeinfo = SiB6, SIB7}

On Demand SIB Request using RACH followed by SIB6/SIB/ Kead
1326

ON DEMAND — SYSTEM INFORMATION BLOCK 6
(ETWS Primary Notification Payload, TIME_STAMP)

ON DEMAND — SYSTEM INFORMATION BLOCK 6

1230

1232

(ETWS Primary Notification Payload, TIME_STAMP;}

UE verifies the Timestamp on received SIB6/SIBY

before indicating the ETWS payload fo higher layers
1234



Patent Application Publication  Oct. 12,2023 Sheet 12 of 18  US 2023/0328645 Al

UE gNB
1302 1304

UE is camped in Standaione mode in 0G NK and has done successiul Regqistration with gNB. UE is
in RRC ldie state and is configured for extended DRX mode of operafion (DRX occasion = T_eDRX]
1306

PAGING REQUEST 1308
1310
PAGING REQUEST A

1312

PAGING REQUEST L T1+(2*T_eDRX)

PAGING REQUEST

e

Case 1. Toggle eDRX using indication from NW

T1+ ((N-1)* T _eDRX)

PAGING REQUEST/DCI/RRC signaling/NAS sighaling/Sib
(suspend_eDRX = TRUE)

SYSTEM INFORMATION BLOCK 1 1318

T+ (NT T_eDRX)

(New ldle DRX = T_iDRX) 1340 -
1322
PAGING REQUEST ForT DRX
_ PAGING REQUEST b

T2+ (2 *T_iDRX)

PAGING REQUEST

12+ (M *T_iDRX)

FIG. 13



Patent Application Publication Oct. 12,2023 Sheet 13 of 18  US 2023/0328645 Al

UE gNB
1402 1404

UE is camp in Standalone mode in 5G NK and has done successful Registration with gNB. UE is in

RRC Idie state and is configured for normal DREX mode of operation (DRX occaston = T_IDRX)
1406

PAGING REQUEST

PAGING REQUEST 14T IDRX

1412
PAGING REQUEST T1+ (2* T iDRX}

1416 T1+ ((N-1)* T_iDRX)

PAGING REQUEST/DCI/RRC signaling/NAS signaling/SiB
(suspend_eDRX = FALSE)

T1+ (N * T_IDRX)

PAGIN

I2+7_eDRX

PAGING REQUEST

T2+ (2* T _eDRX)

PAGING REQUEST

T2+ (M*T_eDRX)

FIG. 14



Patent Application Publication  Oct. 12,2023 Sheet 14 of 18  US 2023/0328645 Al

NW

(MME 1)
1504
UE Camps on Cell Attached
to MME 1 (TAC 1)
1506
Attach Req (Req eDRX Cycle) 198
1510

Attach Acc {Cfg eDRX Cycle)

UE 1s OK with Cfg eDRX
Cycle, Cfg Lower Layers

1017

i Opt 1!
i New Signal {(negotiate eDRX again) folb 1ot4 l
i : 1518 |
: TAU Signal (Req eDRX Cycle) :
' |
i TAU Acc (Cfg eDRX Cycle) 1919 i
' '
UE is OK with Cfg eDRX i
Cycle, Cfg Lower Layers i
1520 |

I U A :
1 opt2

1524 1527

New Signal (new eDRX Clg)

UE 1s OK with Updated eDRX
Cycle, Cfg Lower Layers
1526




US 2023/0328645 Al

Oct. 12, 2023 Sheet 15 of 18

Patent Application Publication

Ol HOOd
SpLaJ I

LN

SYIWO Yim
buibed SNM

9t Ol

X&qe
210803 3N

X§a 3701
2110848 (9]

HOOdd Yo
peal gis

‘nFaty
LR
r'J.'—.
[
L
=L ]
]

[ B |
] ]
[ B |
] ]
[ B |
] ]
[ Bl |
] ]
[ B |
1....
] ]
c_m_1
] ]
c_m_1
] ]
c_m_1
] ]
c_m_1
] ] .
F_m_1
] ]
PoE
r |.-_-
rPeT.
b
-'rr.n
__i'r...
.—__:—....
.ttt'
L H Lk
A H Lk
L
a¥ gk,
r"l"r
[ ] ] n
"_u
[ ] ] n
"_u
[ ] ] n
"_u
[ ] ] n
"_u
[ ] ] n
"_u
[ ] ]
‘azm
"_u
“aTu
"_u
14 ]
n"ll
P
-ir
"k
-rr
__rr

LI ]
‘u

¥

W ¥

.

..

]

]

]

]

LN
SVIND Y
POPOD SMM



Patent Application Publication Oct. 12,2023 Sheet 16 of 18  US 2023/0328645 Al

Establishing cellular
communication between
a base station and a UE

1702

Communicate according to eDRX

configuration
1704

Transmit @ message during an off
duration of the eDRX cycle
1706

Cache the message
1708

Transmit the cached message
during an on duration of the
eDRX cycle
1708

FIG. 17



Patent Application Publication Oct. 12, 2023 Sheet 17 of 18  US 2023/0328645 Al

Establishing celiular
communication between
a base station and a UE

1802

Communicate according fo eDRX
configuration
1804

fransmit a notification to modity
the DRX configuration
1606

Recelve a message auring an on
duration of the modified DRX
cycle
1808

FIG. 18



Patent Application Publication Oct. 12,2023 Sheet 18 of 18  US 2023/0328645 Al

Establishing cellular
communication between
a base station and a UE

1902

Communicate according to eDRX
configuration
1904

Receive a wake up sighal auring
an off duration of the eDRX cycle
1906

Receive a message during the off
duration of the eDRX cycle
1908

FIG. 19



US 2023/0328645 Al

NOTIFICATION SUPPORT IN EXTENDED
DISCONTINUOUS RECEPTION MODE

PRIORITY INFORMAITON

[0001] This application 1s a divisional of U.S. application
Ser. No. 16/899,303, entitled “Noftification Support 1n
Extended Discontinuous Reception Mode”, filed Jun. 11,
2020, which claims benefit of priority of Chinese patent
application Serial No. 201910746188.7 titled “Notification
Support in Extended Discontinuous Reception Mode” filed
Aug. 13, 2019, which are hereby incorporated by reference
in their entirety as though fully and completely set forth
herein. The claims 1n the instant application are diflerent
than those of the parent application or other related appli-
cations. The Applicant therefore rescinds any disclaimer of
claim scope made in the parent application or any prede-
cessor application in relation to the instant application. The
Examiner 1s therefore advised that any such previous dis-
claimer and the cited references that 1t was made to avoid,
may need to be revisited. Further, any disclaimer made in the
instant application should not be read into or against the
parent application or other related applications.

TECHNICAL FIELD

[0002] The present application relates to wireless commu-
nication, including to techniques for wireless device notifi-
cation support in extended discontinuous reception (eDRX)
mode.

DESCRIPTION OF THE RELATED ART

[0003] Wireless communication systems are rapidly grow-
ing 1n usage. Further, wireless communication technology
has evolved from voice-only communications to also
include the transmission of data, such as Internet and mul-
timedia content.

[0004] Mobile electronic devices may take the form of
smart phones or tablets that a user typically carries. Wear-
able devices (also referred to as accessory devices) are a
newer form of mobile electronic device, one example being
smart watches. Typically, wearable devices have relatively
limited wireless communications capabilities and typically
have smaller batteries than larger portable devices, such as
smart phones and tablets. In general, 1t would be desirable to
reduce the power requirements ol communication devices.
Theretfore, improvements in the field are desired.

SUMMARY

[0005] Embodiments are presented herein of, inter alia,
systems, apparatuses, and methods for a notification support
in extended discontinuous reception (eDRX) mode.

[0006] A base station and UE may configure eDRX com-
munication. A notification (e.g., emergency message broad-
cast) may be transmitted during the eDRX communication.
The network may cache the notification and/or the actual
message payload. The network may modity the DRX con-
figuration. The network may use a wake up signal. In
response, the UE may recerve the indication while achieving,
power savings from the eDRX configuration.

[0007] The techniques described herein may be imple-
mented 1n and/or used with a number of different types of
devices, including but not limited to cellular phones, tablet
computers, accessory and/or wearable computing devices,
portable media players, cellular base stations and other
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cellular network infrastructure equipment, servers, and any
of various other computing devices.

[0008] This summary 1s mtended to provide a brief over-
view of some of the subject matter described 1n this docu-
ment. Accordingly, 1t will be appreciated that the above-
described features are merely examples and should not be
construed to narrow the scope or spirit of the subject matter
described herein 1n any way. Other features, aspects, and
advantages of the subject matter described herein will
become apparent from the following Detailed Description,
Figures, and Claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] A better understanding of the present subject matter
can be obtained when the following detailed description of
the embodiments 1s considered in conjunction with the
following drawings.

[0010] FIG. 1 illustrates an example wireless communi-
cation system including an accessory device, according to
some embodiments;

[0011] FIG. 2 illustrates an example system where an
accessory device can selectively erther directly communi-
cate with a cellular base station or utilize the cellular
capabilities of an intermediate or proxy device such as a
smart phone, according to some embodiments;

[0012] FIG. 3 1s a block diagram illustrating an example
wireless device, according to some embodiments;

[0013] FIG. 4 1s a block diagram illustrating an example
base station, according to some embodiments;

[0014] FIG. 5 illustrates an exemplary accessory device
receiving a notification while operating in stand alone mode,
according to some embodiments;

[0015] FIG. 6 illustrates an exemplary idle/inactive DRX
(1DRX) configuration, according to some embodiments;
[0016] FIG. 7 illustrates an exemplary emergency mes-
sage system, according to some embodiments;

[0017] FIG. 8 1s a message flow diagram illustrating an
exemplary method for extended DRX (eDRX) configura-
tion, according to some embodiments;

[0018] FIG. 9 illustrates an exemplary eDRX configura-
tion, according to some embodiments;

[0019] FIG. 10 illustrates a message flow diagram for
receiving emergency messages using an 1DRX configura-
tion, according to some embodiments;

[0020] FIG. 11 1illustrates a message flow diagram {for
receiving a cached CMAS message with an mitial eDRX
configuration, according to some embodiments;

[0021] FIG. 12 illustrates a message flow diagram for
receiving a cached ETWS message with an initial eDRX
confliguration, according to some embodiments;

[0022] FIG. 13 illustrates a message flow diagram for
moditying an eDRX configuration to an 1DRX configura-
tion, according to some embodiments;

[0023] FIG. 14 illustrates a message flow diagram for
moditying an 1DRX configuration to an eDRX configura-
tion, according to some embodiments;

[0024] FIG. 15 illustrates a message flow diagram for
network-initiated modification of an eDRX configuration,
according to some embodiments;

[0025] FIG. 16 illustrates exemplary use of wake up
signals during eDRX, according to some embodiments; and
[0026] FIGS. 17-19 are flowchart diagram illustrating
exemplary methods for recerving messages after being con-
figured for eDRX, according to various embodiments.
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[0027] While the features described herein are susceptible
to various modifications and alternative forms, specific
embodiments thereol are shown by way of example 1n the
drawings and are herein described 1n detail. It should be
understood, however, that the drawings and detailed descrip-
tion thereto are not mtended to be limiting to the particular
tform disclosed, but on the contrary, the intention 1s to cover
all modifications, equivalents and alternatives falling within
the spirit and scope of the subject matter as defined by the
appended claims.

DETAILED DESCRIPTION

[0028] Acronyms

[0029] The following acronyms are used 1n the present
patent application:

[0030] UE: User Equipment

[0031] BS: Base Station

[0032] eNB: eNodeB (LTE Base Station)
[0033] gNB: gNodeB (NR Base Station)

[0034] LTE: Long Term Evolution

[0035] UMTS: Universal Mobile Telecommunications
System

[0036] NR: 5G New Radio

[0037] RAT: Radio Access Technology

[0038] RAN: Radio Access Network

[0039] E-UTRAN: Evolved UMTS Terrestrial RAN
[0040] CN: Core Network

[0041] EPC: Evolved Packet Core

MME: Mobile Management Entity

[0042]

[0043] HSS: Home Subscriber Server
[0044] SGW: Serving Gateway
[0045] PS: Packet-Switched

[0046] CS: Circuit-Switched

[0047] EPS: Evolved Packet-Switched System
RRC: Radio Resource Control

[0048]
[0049] 1DRX: Idle/Inactive Mode Discontinuous
Reception
[0050] eDRX: extended Discontinuous Reception
[0051] SIB: System Information Block
lerms
[0052] The following 1s a glossary of terms used in the

present application:

[0053] Memory Medium—Any of various types of
memory devices or storage devices. The term “memory
medium” 1s intended to include an 1nstallation medium, e.g.,
a CD-ROM, floppy disks 104, or tape device; a computer
system memory or random access memory such as DRAM,
DDR RAM, SRAM, FDO RAM, Rambus RAM, etc.; a
non-volatile memory such as a Flash, magnetic media, e.g.,
a hard drive, or optical storage; registers, or other similar
types of memory elements, etc. The memory medium may
include other types of memory as well or combinations
thereof. In addition, the memory medium may be located in
a first computer 1n which the programs are executed, or may
be located 1n a second different computer which connects to
the first computer over a network, such as the Internet. In the
latter instance, the second computer may provide program
instructions to the first computer for execution. The term
“memory medium” may include two or more memory
mediums which may reside in different locations, e.g., in
different computers that are connected over a network.
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[0054] Computer System—any of various types of com-
puting or processing systems, including a personal computer
system (PC), mainframe computer system, workstation,
network appliance, Internet appliance, personal digital assis-
tant (PDA), television system, grid computing system, or
other device or combinations of devices. In general, the term
“computer system” can be broadly defined to encompass any
device (or combination of devices) having at least one
processor that executes instructions from a memory
medium.

[0055] User Equipment (UE) (or “UE Device”)—any of
various types ol computer systems or devices which per-
forms wireless communications. Examples of UE devices
include mobile telephones or smart phones (e.g., 1IPhone™,
Android™-based phones), portable gaming devices (e.g.,
Nintendo DS™, PlayStation Portable™, Gameboy
Advance™, 1Phone™), laptops, PDAs, portable Internet
devices, music players, data storage devices, wearable
devices (such as a smart watch), or other handheld devices,
etc. In general, the term “UE” or “UE device” can be broadly
defined to encompass any electronic, computing, and/or
telecommunications device (or combination ol devices)
which 1s capable of wireless communication. UE devices
may commonly be mobile or portable and easily transported
by a user, though 1n some cases substantially stationary
devices may also be configured to perform wireless com-
munication.

[0056] Processing Element—refers to various elements or
combinations of elements that are capable of performing a
function 1n a device, such as a user equipment or a cellular
network device. Processing elements may include, for
example: processors and associated memory, portions or
circuits ol individual processor cores, entire processor cores,
processor arrays, circuits such as an ASIC (Application
Specific Integrated Circuit), programmable hardware ele-
ments such as a field programmable gate array (FPGA), as
well any of various combinations of the above.

[0057] Wireless Device—any of various types of com-
puter system devices which performs wireless communica-
tions. A wireless device can be portable (or mobile) or may
be stationary or fixed at a certain location. A UE 1s an
example of a wireless device.

[0058] Communication Device—any of various types of
computer systems or devices that perform communications,
where the communications can be wired or wireless. A
communication device can be portable (or mobile) or may
be stationary or fixed at a certain location. A wireless device
1s an example of a communication device. A UE 1s another
example of a communication device.

[0059] Base Station—The term “Base Station” (also
called “eNB”) has the full breadth of 1ts ordinary meaning,
and at least includes a wireless communication station
installed at a fixed location and used to communicate as part
of a wireless cellular communication system.

[0060] Link Budget Limited—includes the full breadth of
its ordinary meaning, and at least includes a characteristic of
a wireless device (a UE) which exhibits limited communi-
cation capabilities, or limited power, relative to a device that
1s not link budget limited, or relative to devices for which a
radio access technology (RAT) standard has been developed.
A UE that 1s link budget limited may experience relatively
limited reception and/or transmission capabilities, which
may be due to one or more factors such as device design,
device size, battery size, antenna size or design, transmit
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power, receive power, current transmission medium condi-
tions, and/or other factors. Such devices may be referred to
herein as “link budget limited” (or “link budget con-
strained”) devices. A device may be inherently link budget
limited due to its size, battery power, and/or transmit/receive
power. For example, a smart watch that 1s communicating,
over LTE or LTE-A with a base station may be inherently
link budget limited due to its reduced transmit/receive power
and/or reduced antenna. Wearable devices, such as smart
watches, are generally link budget limited devices. Alterna-
tively, a device may not be inherently link budget limited,
¢.g., may have suflicient size, battery power, and/or transmit/
receive power lfor normal communications over LTE or
LTE-A, but may be temporarily link budget limited due to
current communication conditions, €.g., a smart phone being
at the edge of a cell, etc. It 1s noted that the term “link budget
limited” includes or encompasses power limitations, and
thus a power limited device may be considered a link budget

limited device.

[0061] Automatically—refers to an action or operation
performed by a computer system (e.g., software executed by
the computer system) or device (e.g., circuitry, program-
mable hardware elements, ASICs, etc.), without user input
directly specifying or performing the action or operation.
Thus the term “automatically™ 1s 1n contrast to an operation
being manually performed or specified by the user, where
the user provides mput to directly perform the operation. An
automatic procedure may be initiated by input provided by
the user, but the subsequent actions that are performed
“automatically” are not specified by the user, 1.e., are not
performed “manually”, where the user specifies each action
to perform. For example, a user filling out an electronic form
by selecting each field and providing input specitying infor-
mation (e.g., by typing mformation, selecting check boxes,
radio selections, etc.) 1s filling out the form manually, even
though the computer system must update the form in
response to the user actions. The form may be automatically
filled out by the computer system where the computer
system (e.g., software executing on the computer system)
analyzes the fields of the form and fills in the form without
any user input specitying the answers to the fields. As
indicated above, the user may invoke the automatic filling of
the form, but 1s not involved in the actual filling of the form
(e.g., the user 1s not manually specitying answers to fields
but rather they are being automatically completed). The
present specification provides various examples ol opera-

tions being automatically performed in response to actions
the user has taken.

[0062] Configured to—Various components may be
described as “configured to” perform a task or tasks. In such
contexts, “configured to” 1s a broad recitation generally
meaning “having structure that” performs the task or tasks
during operation. As such, the component can be configured
to perform the task even when the component 1s not cur-
rently performing that task (e.g., a set of electrical conduc-
tors may be configured to electrically connect a module to
another module, even when the two modules are not con-
nected). In some contexts, “configured to” may be a broad
recitation of structure generally meaning “having circuitry
that” performs the task or tasks during operation. As such,
the component can be configured to perform the task even
when the component 1s not currently on. In general, the
circuitry that forms the structure corresponding to “config-
ured to” may include hardware circuits.
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[0063] Various components may be described as perform-
ing a task or tasks, for convenience 1n the description. Such
descriptions should be interpreted as including the phrase
“configured to.” Reciting a component that 1s configured to
perform one or more tasks 1s expressly intended not to
invoke 35 U.S.C. § 112, paragraph six, interpretation for that
component.

FIGS. 1-2

[0064] FIG. 1 illustrates an example of a wireless cellular
communication system. It is noted that FIG. 1 represents one
possibility among many, and that features of the present
disclosure may be implemented 1n any of various systems,
as desired. For example, embodiments described herein may
be implemented 1n any type of wireless device. The wireless
embodiment described below 1s one example embodiment.
[0065] As shown, the exemplary wireless communication
system 1ncludes a cellular base station 102, which commu-
nicates over a transmission medium with one or more
wireless devices 106A, 1068, ctc., as well as accessory
device 107. Wireless devices 106 A, 1068, and 107 may be
user devices, which may be referred to herein as “user
equipment” (UE) or UE devices.

[0066] The base station 102 may be a base transceiver
station (BTS) or cell site, and may include hardware that
enables wireless communication with the UE devices 106 A,
1068, and 107. The base station 102 may also be equipped
to communicate with a network 100 (e.g., a core network of
a cellular service provider, a telecommunication network
such as a public switched telephone network (PSTN), and/or
the Internet, among various possibilities). Thus, the base
station 102 may facilitate communication among the UE
devices 106 and 107 and/or between the UE devices 106/107
and the network 100. In other implementations, base station
102 can be configured to provide communications over one
or more other wireless technologies, such as an access point
supporting one or more WLAN protocols, such as 802.11 a,
b, g, n, ac, ad, and/or ax, or LTE 1n an unlicensed band
(LAA).

[0067] The communication area (or coverage area) of the
base station 102 may be referred to as a “cell.” The base
station 102 and the UEs 106/107 may be configured to
communicate over the transmission medium using any of
various radio access technologies (RATs) or wireless com-
munication technologies, such as GSM, UMTS (WCDMA,
TDS-CDMA), LTE, LTE-Advanced (LTE-A), NR, HSPA,
3GPP2 CDMA2000 (e.g., 1xRIT, 1xEV-DO, HRPD,
cHRPD), Wi-F1, WiMAX efc.

[0068] Base station 102 and other similar base stations
(not shown) operating according to one or more cellular
communication technologies may thus be provided as a
network of cells, which may provide continuous or nearly
continuous overlapping service to UE devices 106 A-N and
107 and similar devices over a geographic area via one or
more cellular communication technologies.

[0069] Note that at least 1n some 1nstances a UE device
106/107 may be capable of communicating using any of a
plurality of wireless communication technologies. For
example, a UE device 106/107 might be configured to
communicate using one or more of GSM, UMTS,
CDMA2000, WiMAX, LTE, LTE-A, NR, WLAN, Blu-
ctooth, one or more global navigational satellite systems
(GNSS, e.g., GPS or GLONASS), one and/or more mobile
television broadcasting standards (e.g., ATSC-M/H), eftc.

Wireless Communication System
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Other combinations of wireless communication technolo-
gies (including more than two wireless communication
technologies) are also possible. Likewise, 1n some instances
a UE device 106/107 may be configured to communicate
using only a single wireless communication technology.

[0070] The UEs 106A and 106B may include handheld
devices such as smart phones or tablets, and/or may include
any of various types of device with cellular communications
capability. For example, one or more of the UEs 106 A and
106B may be a wireless device intended for stationary or
nomadic deployment such as an appliance, measurement
device, control device, etc. The UE 106B may be configured
to communicate with the UE device 107, which may be
referred to as an accessory device 107. The accessory device
107 may be any of various types of wireless devices,
typically a wearable device that has a smaller form factor,
and may have limited battery, output power and/or commu-
nications abilities relative to UEs 106. As one common
example, the UE 106B may be a smart phone carried by a
user, and the accessory device 107 may be a smart watch
worn by that same user. The UE 106B and the accessory
device 107 may communicate using any of various short
range communication protocols, such as Bluetooth or Wi-Fi.

[0071] The UE 106B may also be configured to commu-
nicate with the UE 106 A. For example, the UE 106 A and UE
106B may be capable of performing direct device-to-device
(D2D) communication. The D2D communication may be
supported by the cellular base station 102 (e.g., the BS 102
may facilitate discovery, among various possible forms of
assistance), or may be performed in a manner unsupported
by the BS 102. For example, the UE 106A and UE 106B
may be capable of arranging and performing D2D commu-
nication (e.g., mcluding D2D discovery communications)

with each other even when out-of-coverage of the BS 102
and other cellular base stations.

[0072] The accessory device 107 includes cellular com-
munication capability and hence 1s able to directly commu-
nicate with cellular base station 102. However, since the
accessory device 107 1s possibly one or more of communi-
cation, output power and/or battery limited, the accessory
device 107 may 1n some nstances selectively utilize the UE
1068 as a proxy for communication purposes with the base
station 102 and hence to the network 100. In other words, the
accessory device 107 may selectively use the cellular com-
munication capabilities of 1ts companion device (e.g., UE
106B) to conduct 1ts cellular communications. The limita-
tion on communication abilities of the accessory device 107
can be permanent, e.g., due to limitations 1n output power or
the radio access technologies (RATSs) supported, or tempo-
rary, €.2., due to conditions such as current battery status,

inability to access a network, or poor reception.

[0073] FIG. 2 illustrates an example accessory device 107
in communication with base station 102. The accessory
device 107 may be a wearable device such as a smart watch.
The accessory device 107 may include cellular communi-
cation capability and be capable of directly communicating
with the base station 102 as shown. When the accessory
device 107 1s configured to directly communicate with the

base station, the accessory device may be said to be 1n “stand
alone mode.”

[0074] The accessory device 107 may also be capable of
communicating with another device (e.g., UE 106), referred
to as a proxy device, mtermediate device, or companion
device, using a short range communications protocol; for
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example, the accessory device 107 may according to some
embodiments be “paired” with the UE 106. Under some
circumstances, the accessory device 107 may use the cellular
functionality of this proxy device for communicating cellu-
lar voice/data with the base station 102. In other words, the
accessory device 107 may provide voice/data packets
intended for the base station 102 over the short range link to
the UE 106, and the UE 106 may use 1ts cellular function-
ality to transmit (or relay) this voice/data to the base station
on behalf of the accessory device 107. Similarly, the voice/
data packets transmitted by the base station and intended for
the accessory device 107 may be received by the cellular
functionality of the UE 106 and then may be relayed over the
short range link to the accessory device. As noted above, the
UE 106 may be a mobile phone, a tablet, or any other type
of hand-held device, a media player, a computer, a laptop or
virtually any type of wireless device. When the accessory
device 107 1s configured to indirectly communicate with the
base station using the cellular functionality of an interme-
diate or proxy device, the accessory device may be said to
be 1n “relay mode.”

[0075] The UE 106 and/or 107 may include a device or
integrated circuit for facilitating cellular communication,
referred to as a cellular modem. The cellular modem may
include one or more processors (€.g., processor elements)
and various hardware components as described herein. The
UE 106 and/or 107 (e.g., using associated processors) may
perform any of the method embodiments described herein
by executing instructions on one or more processors. Alter-
natively, or 1n addition, the one or more processors may be
one or more programmable hardware elements such as an
FPGA (field-programmable gate array), or other circuitry,
that 1s configured to perform any of the method embodi-
ments described herein, or any portion of any of the method
embodiments described herein. The cellular modem
described herein may be used 1n a UE device as defined
herein, a wireless device as defined herein, or a communi-
cation device as defined herein. The cellular modem
described herein may also be used 1n a base station or other
similar network side device.

[0076] The UE 106 and/or 107 may include one or more

antennas for communicating using two or more wireless
communication protocols or radio access technologies (e.g.,
including any combination of CDMA, GSM, UMTS, LTE,
535G NR, and/or Wi-F1, among others). In some embodiments,
the UE device 106/107 might be configured to communicate
using a single shared radio. The shared radio may couple to
a single antenna, or may couple to multiple antennas (e.g.,
tor MIMO) for performing wireless communications. Alter-
natively, the UE device 106/107 may include two or more
radios. Other configurations are also possible. In general, a
radio may include any combination of a baseband processor,
analog RF signal processing circuitry (e.g., including filters,
mixers, oscillators, amplifiers, etc.), or digital processing
circuitry (e.g., for digital modulation as well as other digital
processing ). Similarly, the radio may implement one or more
receive and transmit chains using the atorementioned hard-
ware. For example, the UE 106 may share one or more parts
of a recerve and/or transmit chain between multiple wireless
communication technologies, such as those discussed above.

[0077] The accessory device 107 may be any of various
types of devices that, in some embodiments, has a smaller
form factor relative to a conventional smart phone, and may
have one or more of limited communication capabilities,
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limited output power, or limited battery life relative to a
conventional smart phone. As noted above, 1n some embodi-
ments, the accessory device 107 1s a smart watch or other
type of wearable device. As another example, the accessory
device 107 may be a tablet device, such as an 1Pad, with
Wi-F1 capabilities (and possibly limited cellular communi-
cation capabilities), which 1s not currently near a Wi-Fi
hotspot and hence 1s not currently able to communicate over
Wi-F1 with the Internet. Thus, as defined above, the term
“accessory device” refers to any of various types of devices
that 1n some istances have limited or reduced communica-
tion capabilities and hence may selectively and opportunis-
tically utilize the UE 106 as a proxy for communication
purposes for one or more applications and/or RATs. As
previously noted, when the UE 106 1s capable of being used
by the accessory device 107 as a proxy, the UE 106 may be

referred to as a companion device to the accessory device
107.

[0078] In some embodiments, the UE 106 and/or UE 107
may 1nclude any number of antennas and may be configured
to use the antennas to transmit and/or receive directional
wireless signals (e.g., beams). Similarly, the BS 102 may
also include any number of antennas and may be configured
to use the antennas to transmit and/or receive directional
wireless signals (e.g., beams). To recerve and/or transmit
such directional signals, the antennas of the UE 106 (and/or
107) and/or BS 102 may be configured to apply different
“weight” to different antennas. The process of applying
these different weights may be referred to as “precoding”.

[0079] In some embodiments, the UE 106 and/or UE 107
may 1nclude separate transmit and/or receive chains (e.g.,
including separate antennas and other radio components) for
cach wireless communication protocol with which 1t 1s
configured to communicate. As a further possibility, the UE
106 and/or UE 107 may include one or more radios which
are shared between multiple wireless communication pro-
tocols, and one or more radios which are used exclusively by
a single wireless communication protocol. For example, the
UE 106 and/or UE 107 might include a shared radio for
communicating using either of LTE or 3G NR (or LTE or
IxRTT or LTE or GSM), and separate radios for commu-
nicating using each of Wi-Fi1 and Bluetooth. Other configu-

rations are also possible.

FIG. 3—Example Block Diagram of a UE Device

[0080] FIG. 3 illustrates one possible block diagram of an
UE device, such as UE device 106 or 107. As shown, the UE
device 106/107 may include a system on chip (SOC) 300,
which may include portions for various purposes. For
example, as shown, the SOC 300 may include processor(s)
302 which may execute program instructions for the UE
device 106/107, and display circuitry 304 which may per-
form graphics processing and provide display signals to the
display 360. The SOC 300 may also include motion sensing
circuitry 370 which may detect motion of the UE 106, for
example using a gyroscope, accelerometer, and/or any of
various other motion sensing components. The processor(s)
302 may also be coupled to memory management unit
(MMU) 340, which may be configured to receive addresses
from the processor(s) 302 and translate those addresses to
locations 1n memory (e.g., memory 306, read only memory
(ROM) 350, flash memory 310). The MMU 340 may be

configured to perform memory protection and page table
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translation or set up. In some embodiments, the MMU 340
may be included as a portion of the processor(s) 302.
[0081] As shown, the SOC 300 may be coupled to various
other circuits of the UE 106/107. For example, the UE
106/107 may include various types of memory (e.g., includ-
ing NAND flash 310), a connector iterface 320 (e.g., for
coupling to a computer system, dock, charging station, etc.),
the display 360, and wireless communication circuitry 330
(e.g., for LTE, LTE-A, NR, CDMAZ2000, Bluetooth, Wi-Fi,
NFC, GPS, etc.).

[0082] The UE device 106/107 may include at least one
antenna, and 1n some embodiments multiple antennas 3354
and 3355, for performing wireless communication with base
stations and/or other devices. For example, the UE device
106/107 may use antennas 3335a and 335H to perform the
wireless communication. As noted above, the UE device
106/107 may 1n some embodiments be configured to com-
municate wirelessly using a plurality of wireless communi-
cation standards or radio access technologies (RATS).

[0083] The wireless communication circuitry 330 may
include Wi-Fi Logic 332, a Cellular Modem 334, and

Bluetooth Logic 336. The Wi-F1 Logic 332 1s for enabling
the UE device 106/107 to perform Wi-F1 communications on
an 802.11 network. The Bluetooth Logic 336 1s for enabling
the UE device 106/107 to perform Bluetooth communica-
tions. The cellular modem 334 may be a lower power
cellular modem capable of performing cellular communica-
tion according to one or more cellular communication
technologies.

[0084] As described herein, UE 106/107 may include
hardware and software components for i1mplementing
embodiments of this disclosure. For example, one or more
components of the wireless communication circuitry 330
(e.g., Wi-F1 logic 332, cellular modem 334, BT logic 336) of
the UE device 106/107 may be configured to implement part
or all of the methods described herein, e.g., by a processor
executing program instructions stored on a memory medium
(e.g., a non-transitory computer-readable memory medium),
a processor configured as an FPGA (Field Programmable
Gate Array), and/or using dedicated hardware components,
which may include an ASIC (Application Specific Integrated
Circuit).

FIG. 4—Block Diagram of a Base Station

[0085] FIG. 4 illustrates an example block diagram of a
base station 102, according to some embodiments. It 1s noted
that the base station of FIG. 4 1s merely one example of a
possible base station. As shown, the base station 102 may
include processor(s) 404 which may execute program
instructions for the base station 102. The processor(s) 404
may also be coupled to memory management unit (MMU)
440, which may be configured to receive addresses from the
processor(s) 404 and translate those addresses to locations in
memory (e.g., memory 460 and read only memory (ROM)
450) or to other circuits or devices.

[0086] The base station 102 may include at least one
network port 470. The network port 470 may be configured
to couple to a telephone network and provide a plurality of
devices, such as UFE devices 106/107, access to the tele-
phone network as described above 1n FIGS. 1 and 2.
[0087] The network port 470 (or an additional network
port) may also or alternatively be configured to couple to a
cellular network, e.g., a core network of a cellular service
provider. The core network may provide mobility related
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services and/or other services to a plurality of devices, such
as UE devices 106/107. In some cases, the network port 470
may couple to a telephone network via the core network,
and/or the core network may provide a telephone network
(e.g., among other UE devices serviced by the cellular
service provider).

[0088] The base station 102 may include at least one
antenna 434, and possibly multiple antennas. The antenna(s)
434 may be configured to operate as a wireless transceiver

[

and may be further configured to commumcate with UE
devices 106/107 via radio 430. The antenna(s) 434 commu-
nicates with the radio 430 via communication chain 432.
Communication chain 432 may be a receive chain, a trans-
mit chain or both. The radio 430 may be configured to
communicate via various wireless communication stan-
dards, including, but not limited to, LTE, LTE-A, NR, GSM,
UMTS, CDMA2000, Wi-F1, etc.

[0089] The base station 102 may be configured to com-
municate wirelessly using multiple wireless communication
standards. In some instances, the base station 102 may
include multiple radios, which may enable the base station
102 to communicate according to multiple wireless com-
munication technologies. For example, as one possibility,
the base station 102 may include an L'TE radio for perform-
ing communication according to L'TE as well as a Wi-Fi
radio for performing communication according to Wi-Fi. In
such a case, the base station 102 may be capable of operating
as both an LTE base station and a Wi-F1 access point. As
another possibility, the base station 102 may include a
multi-mode radio which 1s capable of performing commu-
nications according to any ol multiple wireless communi-

cation technologies (e.g., any combination of CDMA, GSM,
UMTS, LTE, 5G NR, and/or Wi-Fi, among others).

[0090] As described further subsequently herein, the BS
102 may include hardware and software components for
implementing or supporting implementation of features
described herein. The processor 404 of the base station 102
may be configured to implement or support implementation
of part or all of the methods described herein, e.g., by
executing program instructions stored on a memory medium
(e.g., a non-transitory computer-readable memory medium).
Alternatively, the processor 404 may be configured as a
programmable hardware element, such as an FPGA (Field
Programmable Gate Array), or as an ASIC (Application
Specific Integrated Circuit), or a combination thereof. Alter-
natively (or 1n addition) the processor 404 of the BS 102, in
conjunction with one or more of the other components 430,
432, 434, 440, 450, 460, 470 may be configured to 1mple-
ment or support implementation of part or all of the features
described herein.

[0091] In addition, as described herein, processor(s) 404
may 1nclude one or more processing elements. Thus, pro-
cessor(s) 404 may include one or more integrated circuits
(ICs) that are configured to perform the functions of pro-
cessor(s) 404. In addition, each integrated circuit may
include circuitry (e.g., first circuitry, second circuitry, etc.)
configured to perform the functions of processor(s) 404.

[0092] Further, as described herein, radio 430 may 1nclude
one or more processing clements. Thus, radio 430 may
include one or more 1ntegrated circuits (ICs) that are con-
figured to perform the functions of radio 430. In addition,
cach itegrated circuit may include circuitry (e.g., first
circuitry, second circuitry, etc.) configured to perform the
functions of radio 430.
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and DRX Cycle

[0093] An accessory device, or link budget limited device,
may operate 1 a “relay mode” with a corresponding com-
panion device to communicate with a base station (as noted
above) or may operate 1n a “stand alone” mode, where the
accessory device communicates with the base station using
its cellular modem.

[0094] As shown in FIG. 5, an accessory device, such as
a smart watch, may operate 1n the stand alone mode and
communicate with the network as a regular UE in RRC_
IDLE, RRC_INACTIVE and RRC_CONNECTED modes
when 1t 1s not connected to WLAN or 1n proximity of its
companion device (such as a cell phone).

[0095] As noted above, an accessory device may have a
small form factor and may correspondingly use a small
battery. In some embodiments, the battery may be shared by
both application and baseband processors, as well as the
display and other sensors (e.g., such as a heart rate monitor).

[0096] As shown in FIG. 6, while in RRC_IDLE and/or 1in
RRC_INACTIVE, the baseband modem (or more generally,
the wireless circuitry, processor, and/or accessory device)
may wake up at the DRX Cycle, e.g., as specified 1n a system
information block (e.g., SIB2), to monitor the paging chan-
nel to receive mobile terminated voice/data calls. In the
exemplary cycle of FIG. 6 a DRX cycle length of 1.28
seconds 1s shown, having DRX on durations (shown 1n grey)
for monitoring paging, performing measurements, performs-
ing synchronization, etc. and DRX off durations (shown 1n
white) for sleeping and saving power.

[0097] In addition, as shown 1 FIG. 5, the network and/or
IMS core (e.g., via the base station) may also transmit
notifications or broadcast messages. One example of such
notifications or broadcast messages are emergency mes-
sages, such as commercial mobile alert system (CMAS)
messages, wireless emergency alerts (WEA), earthquake
and tsunami warning system (ETWS) messages, public
warning system (PWS) messages, etc.

[0098] FIG. 7 illustrates an example system for providing
emergency messages. As shown the messages may be ini-
tially generated by federal agencies, local emergency opera-
tions center (EOC), or state EOC (among others), which
may be transmitted to or received by an alert aggregator. The
alert aggregator may provide the messages to the alert
gateway, which may in turn provide messages to the CMAS
provider gateway, which may transmit the messages to
mobile devices via the CMAS provider infrastructure (e.g.,
base stations or other network devices).

[0099] Such indications may be sent by the network and/or
base station as part of the paging message. The baseband
modem may also perform measurements during this on
duration. The modem may spend the rest of the cycle 1n
sleep mode (e.g., during the off duration), thereby saving
battery power.

[0100] Note that the following sections, while described
primarily with respect to “accessory devices” or “link bud-
get limited devices” or “MTC devices”, may also apply to
typical UE devices, such as cell phones, among other types
of devices.

FIG. 8—FExtended DRX

[0101] Extended DRX (eDRX) 1s a power-saving feature
intended for machine-type commumication (MTC) type
devices to allow UEs to sleep longer and monitor paging
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channel sparsely as compared to a UE that uses normal
Idle/Inactive Mode DRX (1DRX) (e.g., does not have eDRX
configured). For example, a typical cycle length for 1DRX
may be 1.28 seconds, whereas eDRX may be configured
anywhere from 5.12 seconds to greater than 44 minutes,
depending on the implementation and/or configuration.
Using the longer eDRX cycle length may offer significant
battery savings compared to a typical DRX cycle length,
particularly for link-budget limited (e.g., accessory) devices.

[0102] As part of the feature, the accessory device, €.g., on
power-up or attach or registration (and potentially at sub-
sequent registration update/tracking area update (TAUY
routing area update (RAU) procedures, may request a UE-
specific eDRX cycle length or configuration. If the network
(e.g., the SGCN/EPS) supports the feature, 1t may indicate
an eDRX cycle length or configuration in the response
message (e.g., within an attach accept, registration accept,
TAU Accept, RAU Accept, or other type of message). In
some embodiments, the network may indicate a value or
configuration of eDRX that 1s different from the UE
requested value 1n its response message. Alternatively, the
network may skip any indication for an eDRX cycle in
response message, 11 1t does not want to configure eDRX. In
this case, the accessory device may not apply any eDRX
operation, and use only regular DRX mode of operation.

[0103] FIG. 8 illustrates an exemplary procedure for nego-
tiating and using eDRX. As shown a UE 802 1nitially camps
on a cell attached to a first network 804, at 808. The UE may
transmit an attach request that requests a preferred eDRX
cycle 1n 810. In response, the first network may transmit an
attach accept message that configures the eDRX cycle 1n
812. In 814, the UE uses the eDRX cycle and configures 1ts
lower layers. This procedure 1s repeated periodically or
when the UE 802 switches to a new MME/network 806
(e.g., during Cell Reselection Procedure) at 815, using TAU
requests and TAU accepts in 816, 818, and 820.

[0104] Accordingly, a UE that has negotiated eDRX may
be able to sleep for longer durations while monitoring
paging channel for mobile terminated notifications and calls,
y saving precious battery in power budget limited cellular
devices.

[0105] However, as shown 1 FIG. 9, the shortest eDRX
length that can be negotiated currently 1s 5.12 secs, but some
notifications (e.g., CMAS/ETWS/PWS messages) may need
to be delivered to the accessory device at a faster cadence.
Said another way, eDRX may be a UE specific page moni-
toring and sleep pattern, but certain notifications (e.g.,
CMAS messages) may be sent at eNB/gNB cell-specific
level 1IDRX cycle. Hence, as shown 1n FIG. 9, the accessory
device may be 1n sleep mode while such notifications are
broadcasted by the cell and may potentially miss the recep-
tion of the notification(s) 11 it wakes up at eDRX configured
cycles to monitor paging.

[0106] InFIG. 9, the UE may have an eDRX cycle length
of 5.12 seconds, and hence may only be on during the white
shaded regions, while the notification(s) (shown 1in this
Figure as a CMAS message) may be broadcasted by the
network during the normal 1dle DRX (1DRX) on durations
which have a period of 1.28 seconds (all shaded regions).
Thus, 1t 15 possible that the accessory device may completely
miss the broadcasted indications.

[0107] Accordingly, various embodiments may provide
mechanisms for allowing the accessory device to receive
these messages, thereby allowing devices to enjoy the power
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benelits of being 1n eDRX without compromising 1ts ability
to receive these indications. Note that in all of the following
sections, while various descriptions may refer to specific
types of UEs or network devices, specific cellular standards,
and specific messages, these embodiments are intended to
cover any desired type of UE of network devices, any
current or future cellular standard, and any type of message
(e.g., including indications or broadcasts that are different
than the described emergency messages).

FIGS. 10-12—Caching on Demand Retrieval of Indications

[0108] In 3G NR,the gNB 1s expected to broadcast CMAS
and/or ETWS (e.g., within SIB 6, SIB7, and/or SIB8 on a
cell specific DRX Cycle (e.g., 1.28 sec). In one embodiment,
apart from this regular broadcast of CMAS/ETWS SIBs, the
gINB could cache those specific SIBs.

[0109] Note that the maximum caching duration may be
dependent on various factors including but not limited to any
potential expiration duration configured by the cell broad-
cast center (CBC), any internal implementation timer based
on the gNB memory/resource constraints, etc. For example,
in one embodiment, the cache period may be for a small
duration that 1s allowed based on configuration from the
access and mobility management function (AMF) and/or
CBC, e.g., 10.24 sec. Additionally, in some embodiments,
any new CMAS/E'TWS broadcast from CBC may overwrite
the previously cached SIB content.

[0110] Accordingly, 1 cached SIBs (e.g., which may
include the messages) are available at eDRX paging occa-
sions, the base station may indicate them to the UE. For

example, the gNB may indicate these cached SIBs using
“Short Message” via DCI (e.g., DL DCI Format 1_0) that a

cached SIB (e.g., SIB 6/7/8) 1s available to inform any UEs
in eDRX mode of operation that there was a CMAS/ETWS
broadcast event while the UE was 1n sleep mode. On receipt
of this indication (e.g., the “Short Message” DCI) indicating
cached CMAS/ETWS message, the UE may read SIB1 on
reception of that indication (e.g., immediately). Based on the
s1-BroadcastStatus e.g., indicated 1n the SIB 1 for the cached
SIBs (e.g., SIB 6/7/8), the UE may proceed to decode the
broadcasted CMAS/ETWS SIBs from the cell. Alternatively
or additionally, 1t can request for those SIBs via the on-
demand procedure.

[0111] In some embodiments, each of the cached SIBs
(e.g., SIB 6/7/8) may be timestamped with an origin/expiry
time (e.g., n UTC). On reception of the SIB, the UE may
compare the current time with the expiry timestamp.
Accordingly, 11 the SIB timestamp 1s 1n the past, the UE may
choose to drop that received SIB, e.g., based on 1ts internal

implementation, which may prevent any {false CMAS/
ETWS Ul display trigger based on outdated broadcast

messages.
[0112] Similarly, once the SIB timestamp has expired, the

network may choose to continue broadcast for an extended
duration or may choose to delete the cached CMAS/ETWS

messages as per its internal implementation.

[0113] These embodiments may provide several benefits.
For example, wearable and other cellular devices with
limited power budgets may be able to make use of the eDRX
power saving lfeature without a lot of compromise on
receiving indications (e.g., emergency messages). Addition-
ally, the network may continue to be able to support such
indications (e.g., emergency messages) at cell specific DRX
cycles that are followed by a vast majority of the devices 1n
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that cell (thereby, no latency regression for devices like
smartphones that may not have power budget limitations).

[0114] FIG. 10 illustrates CMAS and ETWS cases for
devices using a typical 1IDRX cycle length. In the example
shown, the UE 1002 1s in communication with gNB 1004. In
1006, the UE 1s camped 1n stand alone mode 1n 3G NR and
has done successiul registration with the gNB. The UE may
be 1n RRC 1dle and/or RRC 1nactive state and 1s configured
for normal DRX mode of operation (DRX occasion/cycle
length=T_1DRX). At 1008, the gNB may transmit a paging
request at T1, without any CMAS or ETWS indication. This
may be repeated each cycle from 1010-1012.

[0115] At 1014 (showing an exemplary CMAS case), the
UE may receive a paging request with a CMAS indication
set to TRUE. Accordingly, the UE may decode SIB1 and

retrieve SIB8 schedule information at 1018 and then receive
the SIB8 (including the CMAS payload) at 1020.

[0116] At 1022 (showing an exemplary ETWS case) the
UE may receive a paging request with a ETWS indication
set to TRUE. Accordingly, the UE may decode SIB1 and
retrieve SIB6 and SIB7 schedule information at 1026 and
then receive the SIB6 (including the ETWS primary notifi-
cation payload) at 1028 as well as SIB7 (including the
ETWS secondary notification payload) at 1030.

[0117] FIG. 11 1llustrates CMAS cases for devices using
an eDRX cycle length. In the example shown, the UE 1102
1s 1n communication with the gNB 1104. In 1106, the UE 1s
camped 1n stand alone mode i 5G NR and has done
successiul registration with the gNB. Additionally, the UE
may be 1n RRC 1dle and/or RRC 1nactive state and may be

configured for eDRX mode of operation (DRX occasion/
cycle length=T_eDRX, which 1s greater than T_1DRX).

[0118] In 1108, the UE may receive a paging request
without a CMAS 1ndication. In 1110, a CMAS event hap-
pens while the UE 1s asleep. The gNB buflers SIB 8. In 1112,
the gNB transmits an indication (short message DL DCI

1_0) indicating a buflered CMAS exists at the next eDRX
cycle.

[0119] 1114 shows the CMAS broadcast use case. In 1116,
the UE recerves SIB1, which indicates schedule information
for the cached SIB8. Accordingly, 1n 1118, the UE receives

SIB8 with a timestamp value. In 1120, the UE may verily the
timestamp on received SIB8 belfore indicating the CMAS

payload to higher layers (e.g., for display to the user of the
UE).

[0120] 1122 shows the CMAS non-broadcast use case. In
1124, the UE receives the SIB1 from the network, indicating
that the cached SIBS8 1s not going to be broadcast (unlike
1116) as well as the cached SIB (SIB8). In 1126, the UE
requests the SIBS usmg a RACH based on demand SIB
request. Accordingly, 1n 1128, the UE receives SIBS8 and in
1130 verifies the timestamp, similar to 1120.

[0121] FIG. 12 illustrates ETWS cases for devices using
an eDRX cycle length. In the example shown, the UE 1202
1s 1n communication with the gNB 1204. In 1206, the UE is
camped 1n stand alone mode i 5G NR and has done
successiul registration with the gNB. Additionally, the UE
may be 1n RRC 1dle and/or RRC 1nactive state and may be
configured for eDRX mode of operation (DRX occasion/

cycle length=T_eDRX, which 1s greater than T_1DRX).

[0122] In 1208, the UE may receive a paging request
without an ETWS indication. In 1210, an ETWS event

happens while the UE 1s asleep. The gNB buflers SIB6 and
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SIB 7. In 1212, the gNB transmits an indication (short
message DL DCI 1_0) indicating a buflered ETWS exists at
the next eDRX cycle.

[0123] 1214 shows the ETWS broadcast use case. In 1216,

the UE receives SIB 1, which indicates schedule 111f0rmat1011
for the cached SIB6 and SIB7. Accordingly, 1n 1218 and
1220, the UE receives SIBs 6 and 7 (having primary and
secondary ETWS payloads) with timestamp values. In 1222,
the UE may verily the timestamp on the received SIB6 and
SIB7 before indicating the ETWS payload to higher layers
(e.g., for display to the user of the UE).

[0124] 1224 shows the ETWS non-broadcast use case. In
1226, the UE receives the SIB1 from the network, indicating
that the cached SIB6 and SIB7 are not going to be broadcast
(unlike 1216) as well as the cached SIB (SIBS). In 1228, the
UE requests the SIBs 6 and 7 using a RACH based on
demand SIB request. Accordingly, in 1230 and 1232, the UE
receives SIBs 6 and 7 and 1n 1234 verifies the timestamps,

similar to 1222.

FIGS. 13 and 14—Adaptive eDRX-1DRX Toggle

[0125] As noted above, a UE may negotiate an eDRX
cycle with the network (e.g., AMF and/or MME) as part of
the Registration, Attach, TAU, and/or RAU procedures
(among others).

[0126] In some embodiments, if during the time at which
the UE 1s in eDRX mode of operation and an indication (e.g.,
emergency message) becomes active, the network may be
able to send a signal to the UE to reconfigure 1dle mode DRX
for idication reception using the cell-specific DRX con-
figuration.

[0127] According to various embodiments, this signal may
one or more of: a dedicated physical reference signal trans-
mitted by the network at a configured RB with the command
to suspend eDRX; a DCI Message to the UE (or group of
UE s) to temporarily suspend eDRX; a MAC-CE; an RRC
paging message with a cause code indicating temporary
¢DRX suspension; a paging message with a specific cause
code that may force the UE to read SIB1 immediately, which
may 1nclude a parameter that indicates that cell specific
DRX cycle should override any eDRX configuration while
SIB1 has that flag set; a paging message with a specific
cause code that may force the UE to read SIB1 and the UE
may temporarily disable eDRX until CMAS/ETWS SIBs are
no longer being broadcasted based on the scheduling infor-
mation included i SIB 1; a dedicated RRC/NAS Signaling
indicating temporary suspension of eDRX; and/or other
signals.

[0128] The base station may use a similar mechanism (as
above) to resume eDRX quickly without the exchange of a
lot of signaling messages between the UE and the network,
to ensure that the UE 1s able to derive the power benefits of
¢DRX as soon as possible.

[0129] In this embodiment, the base station/network may
retain full control of quickly switching the UE between
¢DRX and cell specific DRX Cycles without compromising
on UE Power saving. This embodiment may help with
emergency message support in eDRX mode. This would
lead to use of this power saving feature for wearable types
ol devices which need to listen to emergency messages for
regulatory and other reasons.

[0130] However, while emergency messages are just one
of the trigger reasons for network to deploy adaptive eDRX,
it can also be used for other reasons, e.g., based on 1ts
internal implementation.
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[0131] For example, the network may adaptively or
dynamically switch one or more UEs between eDRX and
1DRX cycles based on congestion or temporary scheduling
constraints. For example, 1f the network 1s unable to cope
with temporary congestion events such as stadium events,
emergency events, etc. where there may be concerns 1f the
network can successtully page UEs with limited eDRX
opportunities, the network may choose to temporarily dis-
able eDRX at the network, e.g., using light weight mecha-
nisms rather than via dedicated signaling between the net-
work and all eDRX activated UEs 1n 1ts coverage.

[0132] As another example, the network may use one or
more of the described embodiments when there 1s a need to
enhance latency. For example, if a UE 1s receiving a lot of
MT data calls while 1t 1s the eDRX sleep cycle, the network
may choose to move the UE to the cell-specific iDRX cycle
to avoid buflering/dropping data within the core network or
at the base station. As an example, 11 the base station or UPF
1s receiving a lot of downlink data for the UE 1n eDRX, e.g.,

from a certain low latency network slice, 1t may choose to
disable eDRX temporarily for that UE.

[0133] A similar approach 1s also possible in cases UE
with sparse DL data might be moved to eDRX mode of
operation (assuming UE capability supports 1t) from the
current 1DRX mode of operation.

[0134] Thus while 1n legacy systems, eDRX configuration
can be initiated and/or requested for modification only by
UE mitiated signaling, 1in various embodiments, the network
may also have a way to initiate the switch between eDRX
and 1DRX per requirements that are visible and/or propri-
ctary to the network.

[0135] FIG. 13 illustrates an exemplary modification of
¢DRX to 1DRX. As shown the UE 1302 may be 1n commu-

nication with the gNB 1304. In 1306, the UE 1s camped 1n
stand alone mode 1n 5G NR and has done successiul
registration with gNB. The UE 1s in RRC 1dle state and 1s

configured for eDRX mode with a DRX occasion/cycle
length of T_eDRX.

[0136] In 1308-1314, the UE 1302 may receive paging
requests from the gNB 1304 at each eDRX cycle. In 1316,
the case for eDRX toggling 1s shown. At 1318, the UE 1302
may receive a suspend eDRX signal. At 1320, the UE 102
may receive SIB1 with an indication of a change in DRX
from T eDRX to T 1DRX. From 1322-1326, the UE 1302
may receive paging requests according to the 1DRX cycle
(and thereby receive messages, such as emergency mes-
sages, 1n a normal fashion).

[0137] FIG. 14 illustrates an exemplary modification of
1IDRX to eDRX. As shown the UE 1402 may be 1n commu-

nication with the gNB 1404. In 1406, the UE 1s camped in
stand alone mode i 3G NR and has done successtul
registration with gNB. The UE 1s in RRC idle state and 1s
configured for 1IDRX mode with a DRX occasion/cycle
length of T_1DRX. In this example, the UE was previously

configured for eDRX, but was temporarily configured for
1IDRX based on FIG. 13.

[0138] In 1408-1414, the UE 1402 may receive paging
requests from the gNB 1404 at each 1DRX cycle. In 1416,
the case for 1IDRX toggling 1s shown. At 1418, the UE 1402
may recerve a suspend eDRX signal with the value set to
FALSE (rather than TRUE from FIG. 13). From 1422-1426,
the UE 1402 may receive paging requests according to the

eDRX cycle.
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FIG. 15—Network Inmitiated Modification of eDRX Con-
figuration

[0139] As previously discussed, the UE and network may
manage the configuration of eDRX cycle length during the
Registration/Attach/TAU/RAU procedures (although other
mechanisms are envisioned). These procedures are initiated
by the UE. Accordingly, 11 the UE does not initiate a new
¢DRX configuration negotiation, the network may be bound
to the eDRX configuration once imitial negotiation 1s com-
pleted.

[0140] In some embodiments, new signaling (e.g., at L1,
L2, or L3) between the network and the UE that can be
initiated by the network to re-negotiate a new eDRX con-
figuration between the UE and the network. Alternatively, or
additionally, this new NW initiated signaling may directly
carry a new eDRX configuration (e.g., changing the cycle
length) that 1s lower than the mitially negotiated eDRX cycle
length and the UE may be required to apply this new
configuration from the next DRX cycle.

[0141] FIG. 15 illustrates this embodiment. As shown the
UE 1502 may be 1n communication with the network 1504.

In 1506, the UE may be camped on a cell attached to MME].

In 1508-1512, the UE 1502 and the network 1504 may

initially configure eDRX.

[0142] 1514 illustrates a network initiated reconfiguration
flow. In 1516, the network may provide a signal requesting
a reconfiguration of eDRX. In 1518, the UE may respond
with a TAU signal requesting an eDRX re-configuration. In
1519, the network may respond with an eDRX configura-
tion. In 1520, 1t the UE accepts the configuration, it may
configure 1ts lower layers according to the configuration.

[0143] 1522 illustrates a network 1nitiated modification of
the eDRX configuration. In 1524, the network transmits a
new ¢eDRX configuration and in 1526 the UE may update its
configuration. As noted above, 1n the embodiment of 1522,
the network may only configure the eDRX cycle length to a
lower value (e.g., by a factor of 2) to ensure the UE receives
data at least as often as i1t was before the change.

Keep Indicating CMAS 1n Paging Message

[0144] Networks tend to add a paging extension cause:
cmas_etws at the start (and sometimes at the end) of a period
when an emergency message 1s actively being broadcasted
in the network. However, link budget limited devices (e.g.,
wearables) may have a higher chance of encountering fading
related page decode failures temporarily.

[0145] Accordingly, in some embodiments (e.g., for NR
Lite), the network may send the paging message with the
extension cause: “‘cmas_etws available™ for all paging occa-
sions (based off the cell specific IDRX cycle) for the entire
duration when an 1ndication (e.g., an emergency message) 1S
actively broadcasted. Such an embodiment may help link
budget limited devices by increasing their probability to
receive these messages. Additionally, 1t may also help sup-
port reception of messages while the accessory device 1s 1n

¢DRX cycle mode.

FIG. 16—Using WUS to Avoid Delay in CMAS Reception

[0146] In some cases, the network may transmit wake up
signaling (WUS) to cause a UE to receive messages. For

example, the UE may include low power reception circuitry
to recerve the WUS, which may be used to wake the UE to
receive other signals transmitted by the network.
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[0147] For example, for low latency CMAS regulatory
requirement, the gNB may broadcast a WUS at every cell

specific DRX cycle. As shown 1 FIG. 17, the gNB may
indicate a SIB modification due to CMAS broadcast on the
WUS (using an CMAS indication RNTI). Accordingly, the
UE may read the WUS at 1DRX paging occasions (e.g.,
using the low power reception circuitry) and on reception of
CMAS indication on WUS, may read SIB1 and CMAS SIBs
6/7/8 thereby eliminating any delay in reception of CMAS
due to eDRX.

[0148] As also shown in FIG. 16, after the emergency
message has been received, the UE may continue to monitor
paging for other reason at eDRX paging occasions (and stay
asleep during the remaining 1DRX occasions).

[0149] WUS (e.g., for CMAS indication) can be used
irrespective of eDRX cycle configuration, e.g., it can be used
even when normal IDLE mode DRX 1s configured. Link
budget lmmited devices such as wearables that keep the
cellular baseband modem active to receive the rare CMAS
messages from the network may benefit by scheduling extra
sleep durations and thereby conserving precious battery for
the end user by utilizing eDRX.

[0150] Thus, even with the reduced wake-up at the UE, the
network and the UE may remain 1n sync and the UE may not
miss 1important messages (such as emergency messages), at
the cost of a slight delay (at most 1 eDRX cycle to receive
the message). Additionally, other power-capable devices
would sufler from no regression as network would still be
scheduling messages (e.g., CMAS paging and/or PWS noti-
fications) on the original normal cell specific 1IDRX cycle
occasion.

FIG. 17—Cached Messages

[0151] FIG. 17 illustrates exemplary techniques for pro-
viding cached messages to a UE. Aspects of the method of
FIG. 17 may be implemented by a wireless device, such as
the UE(s) 106/107, 1n communication with one or more base
stations (e.g., BS 102) as 1illustrated in and described with
respect to the Figures, or more generally 1n conjunction with
any of the computer systems or devices shown in the
Figures, among other circuitry, systems, devices, elements,
or components shown 1n the Figures, among other devices,
as desired. For example, one or more processors (or pro-
cessing elements) of the UE (e.g., processor(s) 402, base-
band processor(s), processor(s) associated with communi-
cation circuitry, etc., among various possibilities) may cause
the UE to perform some or all of the illustrated method
clements. Note that while at least some elements of the
method are described 1n a manner relating to the use of
communication techniques and/or features associated with
3GPP specification documents, such description 1s not
intended to be limiting to the disclosure, and aspects of the
method may be used 1n any suitable wireless communication
system, as desired. In various embodiments, some of the
clements of the methods shown may be performed concur-
rently, 1n a different order than shown, may be substituted for
by other method elements, or may be omitted. Additional
method elements may also be performed as desired. As
shown, the method may operate as follows.

[0152] In 1702, the network (e.g., the base station) and the

UE may establish communication and configure eDRX.

[0153] In 1704, the base station and the UE may commu-
nicate according to the eDRX configuration. For example,
the UE may sleep during the ofl duration of the eDRX and
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may wake on the on duration and receive paging messages
or perform other activities. The eDRX configuration may

specily an eDRX cycle length.

[0154] In 1706, the base station may transmit a message
during an ofl duration of the eDRX cycle (e.g., within the
eDRX cycle). For example, the base station may broadcast
a message (such as an emergency message, although other
types of messages are envisioned) to a plurality of UEs
during an ofl duration of the eDRX cycle.

[0155] In 1708, the base station may cache the message.
For example, the base station may cache the message due to
the fact that one or more UEs (e.g., including the UE in
¢DRX) were not awake to receive the message.

[0156] In 1710, the base station may transmit the cached
message to the UE. For example, the base station may
transmit the cached message to the UE during an on duration
of the eDRX cycle. In some embodiments, transmitting the
cached message to the UE includes broadcasting the cached
message to a plurality of UEs.

[0157] In one embodiment, the base station may transmait
an indication of the cached message to the UE during an on
duration of the eDRX cycle and the transmission of the
cached message to the UE may be performed in response to
transmitting the indication of the cached message. Addition-
ally, or alternatively, transmitting the cached message to the
UE 1s performed 1n response to receiving a request from the
UE to recerve the cached message. As noted above, trans-
mitting the cached message may include transmitting one or

[ 1

more system information blocks (SIBs) to the UE.

FIG. 18—Reconfiguration of DRX

[0158] FIG. 18 illustrates exemplary techniques for pro-
viding messages to a UE by reconfiguring DRX. Aspects of
the method of FIG. 19 may be implemented by a wireless
device, such as the UE(s) 106/107, in communication with
one or more base stations (e.g., BS 102) as illustrated 1n and
described with respect to the Figures, or more generally 1n
conjunction with any of the computer systems or devices
shown i1n the Figures, among other circuitry, systems,
devices, elements, or components shown in the Figures,
among other devices, as desired. For example, one or more
processors (or processing elements) of the UE (e.g., proces-
sor(s) 402, baseband processor(s), processor(s) associated
with communication circuitry, etc., among various possibili-
ties) may cause the UE to perform some or all of the
illustrated method elements. Note that while at least some
clements of the method are described 1n a manner relating to
the use of communication techniques and/or features asso-
ciated with 3GPP specification documents, such description
1s not intended to be limiting to the disclosure, and aspects
of the method may be used 1n any suitable wireless com-
munication system, as desired. In various embodiments,
some of the elements of the methods shown may be per-
formed concurrently, 1n a different order than shown, may be
substituted for by other method elements, or may be omitted.
Additional method elements may also be performed as
desired. As shown, the method may operate as follows.

[0159] In 1802, the network (e.g., the base station) and the
UE may establish communication and configure eDRX.

[0160] In 1804, the base station and the UE may commu-
nicate according to the eDRX configuration. For example,
the UE may sleep during the off duration of the eDRX and
may wake on the on duration and receive paging messages
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or perform other activities. The eDRX configuration may
specily an eDRX cycle length.
[0161] In 1806, the base station may transmit a notifica-
tion to the UE to modity the DRX cycle length. This
modification may be based on a message, e€.g., a broadcast
message such as an emergency message. For example, in
one embodiment, the base station may transmit the message
during an ofl duration of the eDRX cycle (e.g., within the
¢DRX cycle). For example, the base station may broadcast
a message (such as an emergency message, although other
types ol messages are envisioned) to a plurality of UEs
during an off duration of the eDRX cycle. The notification
to modily the DRX cycle length may be performed in
response to transmitting the message. For example, the
modification may be performed so that the UE can receive
a repetition of the message. Alternatively, or additionally, the
base station may modily the DRX cycle length prior to
transmitting the message, e.g., the base station may proac-
tively change the DRX cycle length so that the UE can
receive the first transmission of the message.

[0162] The modification may be a modification of eDRX
to 1IDRX (e.g., to use the shorter cell-wide 1DRX cycle
length nstead of the longer UE-specific eDRX cycle
length). Alternatively, or additionally, the modification may
be a change of length of the eDRX cycle (e.g., shortening the
¢DRX length from a longer length to a shorter length). The
modification may be a renegotiation (involving communi-
cation from the UE to the base station) or may be performed
without any mput from the UE (e.g., mnvolving the base
station simply notitying the UE of the change 1n length or of
the change from eDRX to 1DRX).

[0163] Accordingly, in 1808, the UE may receive the
message during an on duration of the modified DRX cycle.
The message may be broadcast to a plurality of UEs. As
noted above, transmitting the message may i1nclude trans-
mitting one or more system information blocks (SIBs) to the
UE.
[0164] Adter receiving the message, the modified DRX
may be modified again, e.g., reverting back to the previous
confliguration or using another configuration, as desired. For
example, the iIDRX may be changed back to eDRX or the
eDRX cycle length may be modified to a longer value than
the shortened value used for receiving the message.

FIG. 19—Reconfiguration of DRX

[0165] FIG. 19 illustrates exemplary techniques for pro-
viding messages to a UE by using wake up signals. Aspects
of the method of FIG. 19 may be implemented by a wireless
device, such as the UE(s) 106/107, in communication with
one or more base stations (e.g., BS 102) as 1llustrated 1n and
described with respect to the Figures, or more generally 1n
conjunction with any of the computer systems or devices
shown 1n the Figures, among other circuitry, systems,
devices, elements, or components shown in the Figures,
among other devices, as desired. For example, one or more
processors (or processing elements) of the UE (e.g., proces-
sor(s) 402, baseband processor(s), processor(s) associated
with communication circuitry, etc., among various possibili-
ties) may cause the UE to perform some or all of the
illustrated method elements. Note that while at least some
clements of the method are described 1n a manner relating to
the use of communication techniques and/or features asso-
ciated with 3GPP specification documents, such description
1s not mntended to be limiting to the disclosure, and aspects

Oct. 12, 2023

of the method may be used 1n any suitable wireless com-
munication system, as desired. In various embodiments,
some of the elements of the methods shown may be per-
formed concurrently, 1n a different order than shown, may be
substituted for by other method elements, or may be omitted.
Additional method elements may also be performed as
desired. As shown, the method may operate as follows.
[0166] In 1902, the network (e.g., the base station) and the
UE may establish communication and configure eDRX.
[0167] In 1904, the base station and the UE may commu-
nicate according to the eDRX configuration. For example,
the UE may sleep during the off duration of the eDRX and
may wake on the on duration and receive paging messages
or perform other activities. The eDRX configuration may
specily an eDRX cycle length.
[0168] In 1906, while communicating with the base sta-
tion using the eDRX configuration, the UE may receive a
wake up signal during an ofl duration of the eDRX cycle.
The wake up signal may indicate a message, such as a
broadcast message. Similar to above, the broadcast message
may be an emergency message.

[0169] In some embodiments, the UE may include first
communication circuitry (e.g., low power receive circuitry)
that may monitor for wake up signals, e.g., at a periodicity
that 1s shorter than the eDRX cycle length. For example, the
UE may monitor for wake up signals using an 1DRX cycle
length.

[0170] In 1908, 1n response to the wake up signal, the UE
may receive the message (e.g., the broadcast message)
during an off duration of the eDRX cycle. The UE may
receive the message using second communication circuitry
(e.g., the full-power reception circuitry). The message may
be broadcast to a plurality of UEs. As noted above, trans-
mitting the message may include transmitting one or more
system 1nformation blocks (SIBs) to the UFE.

[0171] Adfter receiving the message, the UE may continue
to operate according to the eDRX configuration.

[0172] Note that any or all of the embodiments described
herein may be combined or integrated as desired. For
example, indicating the presence ol messages 1n paging
could be applied to any of the embodiments of FIGS. 6-20.
Similarly, any of the embodiments of those Figures may
apply to each other, as desired.

[0173] Embodiments of the present disclosure may be
realized 1 any of various forms. For example, some
embodiments may be realized as a computer-implemented
method, a computer-readable memory medium, or a com-
puter system. Other embodiments may be realized using one
or more custom-designed hardware devices such as ASICs.
Still other embodiments may be realized using one or more
programmable hardware elements such as FPGAs.

[0174] In some embodiments, a non-transitory computer-
readable memory medium may be configured so that 1t
stores program 1nstructions and/or data, where the program
instructions, 1f executed by a computer system, cause the
computer system to perform a method, e.g., any of a method
embodiments described herein, or, any combination of the
method embodiments described herein, or, any subset of any
of the method embodiments described herein, or, any com-
bination of such subsets.

[0175] Insome embodiments, a device (e.g., a UE) may be
configured to include a processor (or a set of processors) and
a memory medium, where the memory medium stores
program instructions, where the processor 1s configured to
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read and execute the program instructions from the memory
medium, where the program instructions are executable to
implement any of the wvarious method embodiments
described herein (or, any combination of the method
embodiments described herein, or, any subset of any of the
method embodiments described herein, or, any combination
of such subsets). The device may be realized 1n any of
various forms.
[0176] It 1s well understood that the use of personally
identifiable information should follow privacy policies and
practices that are generally recognized as meeting or exceed-
ing idustry or governmental requirements for maintaining
the privacy of users. In particular, personally i1dentifiable
information data should be managed and handled so as to
minimize risks of unintentional or unauthorized access or
use, and the nature of authorized use should be clearly
indicated to users.
[0177] Although the embodiments above have been
described 1n considerable detail, numerous variations and
modifications will become apparent to those skilled 1n the art
once the above disclosure 1s fully appreciated. It 1s intended
that the following claims be interpreted to embrace all such
variations and modifications.
What 1s claimed 1s:
1. An apparatus, including:
at least one processor, wherein the processor 1s configured
to cause a user equipment device (UE) to:
establish cellular communication with a base station;
configure extended discontinuous reception (eDRX)
with the base station, wherein the eDRX configura-
tion specifies an eDRX cycle length;
communicate with the base station using the eDRX
configuration;
in response to a notification from the base station,
modily the DRX cycle length, wherein the modifi-
cation of the DRX cycle length 1s performed based
on a broadcast message; and

receive the broadcast message during an on duration of
the modified DRX cycle.

2. The apparatus of claim 1, wherein said moditying the
¢DRX configuration comprises switching from eDRX to idle
DRX, wherein moditying the DRX cycle length comprises
shortening the cycle length from eDRX to iDRX.

3. The apparatus of claim 1, wherein the at least one
processor 1s further configured to cause the UE to:

after recerving the broadcast message, receive a notifica-

tion from the base station to increase the DRX length
to a longer length than the modified DRX cycle length;
and

communicate with the base station according to the longer
DRX length.

4. The apparatus of claim 1, wherein said modifying the
¢DRX configuration comprises modiiying the eDRX cycle
length from a first length to an eDRX cycle length of a
second length, wherein the second length 1s shorter than the

first length.
5. The apparatus of claim 1, wherein said modifying the
DRX cycle length comprises:
receiving a request for a modified DRX cycle length from
the base station;
transmitting a response the request to the base station; and
receiving a modified DRX configuration from the base
station, wherein the modified DRX configuration speci-
fies the modification of the DRX cycle length.
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6. The apparatus of claim 1, wherein said modifying the
DRX cycle length comprises:

recerving a modified DRX configuration from the base
station without negotiating the modified DRX cycle
length.

7. The apparatus of claim 1, wherein the broadcast mes-
sage comprises a commercial mobile alert system (CMAS)
message.

8. The apparatus of claim 1, wherein the broadcast mes-
sage comprises an earthquake and tsunami warning system

(ETWS) message.
9. A user equipment device (UE), comprising;:
wireless communication circuitry; and
at least one processor coupled to the wireless communi-

cation circuitry, wherein the at least one processor 1s
configured to cause the UE to:

establish cellular communication with a base station;

configure extended discontinuous reception (eDRX)
with the base station, wherein the eDRX configura-
tion specifies an eDRX cycle length;

communicate with the base station using the eDRX
configuration;

in response to a noftification from the base station,
modily the DRX cycle length, wherein the modifi-
cation of the DRX cycle length 1s performed based
on a broadcast message; and

receive the broadcast message during an on duration of
the modified DRX cycle.

10. The UE of claim 9, wherein said modifying the eDRX
configuration comprises switching from eDRX to 1dle DRX,

wherein modifying the DRX cycle length comprises short-
ening the cycle length from eDRX to 1iDRX.

11. The UE of claim 9, wherein the at least on processor
1s further configured to cause the UE to:

alter recerving the broadcast message, recerve a notifica-

tion from the base station to increase the DRX length
to a longer length than the modified DRX cycle length;
and

communicate with the base station according to the longer
DRX length.

12. The UE of claim 9, wherein said modifying the eDRX
configuration comprises modifying the eDRX cycle length

from a first length to an eDRX cycle length of a second
length, wherein the second length 1s shorter than the first
length.
13. The UE of claim 9, wherein said modifying the DRX
cycle length comprises:

recerving a request for a modified DRX cycle length from
the base station;
transmitting a response the request to the base station; and

recerving a modified DRX configuration from the base
station, wherein the modified DRX configuration speci-
fies the modification of the DRX cycle length.

14. The UE of claim 9, wherein said moditying the DRX
cycle length comprises:

recerving a modified DRX configuration from the base
station without negotiating the modified DRX cycle
length.

15. A method for operating a user equipment device (UE),
comprising:

by the UE:

establishing cellular communication with a base station;
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configuring extended discontinuous reception (eDRX)
with the base station, wherein the eDRX configuration
specifies an eDRX cycle length;

communicating with the base station using the eDRX
configuration;

in response to a notification from the base station, modi-
tying the DRX cycle length, wherein the modification
of the DRX cycle length 1s performed based on a
broadcast message; and

receiving the broadcast message during an on duration of

the modified DRX cycle.

16. The method of claim 15, wherein said modifying the
¢DRX configuration comprises switching from eDRX to idle
DRX, wherein modifying the DRX cycle length comprises
shortening the cycle length from eDRX to iDRX.

17. The method of claim 15, further comprising:

after recerving the broadcast message, receiving a notifi-
cation from the base station to increase the DRX length
to a longer length than the modified DRX cycle length;

and
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commumnicating with the base station according to the

longer DRX length.

18. The method of claim 15, wherein said modifying the
¢DRX configuration comprises moditying the eDRX cycle
length from a first length to an eDRX cycle length of a
second length, wherein the second length 1s shorter than the
first length.

19. The method of claim 15, wherein said modifying the
DRX cycle length comprises:

recerving a request for a modified DRX cycle length from

the base station:

transmitting a response the request to the base station; and

recerving a modified DRX configuration from the base

station, wherein the modified DRX configuration speci-
fies the modification of the DRX cycle length.

20. The method of claim 15, wherein said modifying the
DRX cycle length comprises:

recerving a modified DRX configuration from the base

station without negotiating the modified DRX cycle

length.
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