Methods, Procedures and Framework to Provision an®M and Make It
Multi-SIM Capable Using Primary Account Information

FIELD

[0001] The present application relates to wireless comoatioin, including provisioning
a secondary wireless device, such as a smart watth, an eSIM for wireless
communication using account information from a @iy wireless device having a
subscribed SIM.

DESCRIPTION OF THE RELATED ART

[0002] Wireless communication systems are rapidly growingsage. Further, wireless
communication technology has evolved from voiceraammunications to also include
the transmission of data, such as Internet andmmediia content.

[0003] Mobile electronic devices may take the form of dnpdwones or tablets that a user
typically carries. Wearable devices are a newenfof mobile electronic device, one
example being smart watches. Certain types of im@bectronic devices may commonly
have limited wireless communications capabilitied anay be capable of communicating
only over wired interfaces or short-range poinptnt technologies. Therefore, such
mobile electronic devices may sometimes be assamtiavith a primary wireless
communication device, such as a smart phone, aydder@end upon the primary device
in order to perform long-range wireless communarai

[0004] It would be desirable for wearable devices and rolineited mobile devices to
provide communications capabilities similar to thosf smart phones. Thus,

improvements in the field are desirable.



SUMMARY

[0005] Embodiments are presented hereinimter alia, a system and associated methods
for provisioning a secondary wireless device, sasha smart watch, with an eSIM for
wireless communication using account informatiafra primary wireless device, such
as a smart phone, having a subscribed SIM, andasicky multi-SIM functionality for the
eSIM and the subscribed SIM.

[0006] A method is disclosed for initiating multi-SIM futignality between a first
mobile device and a second mobile device. The firebile device may provide, to a
cellular communication network, an identifier oSabscriber Identity Module (SIM) of
the first mobile device and an identifier of a Sti¥ithe second mobile device. The first
mobile device may request initiation by the cellul@mmunication network of multi-
SIM functionality for the SIM of the first mobileedice and the SIM of the second
mobile device. The first mobile device may receifrem the cellular communication
network, an indication that the multi-SIM functiditighas been initiated for the SIM of
first mobile device and the SIM of the second m®bli¢vice.

[0007] In some embodiments, the requesting initiation lxy tellular communication
network of multi-SIM functionality for the SIM ofirfst mobile device and the SIM of the
second mobile device may include requesting that3iM of second mobile device be
mapped to a Mobile Directory Number (MDN) to whithe SIM of the first mobile
device is also mapped.

[0008] In some embodiments, the first mobile device mayeike an indication of a
received telephone communication request, afterrélgeiving the indication that the
multi-SIM functionality has been initiated, wherethe second mobile device also
receives the indication of the received telepharmarunication request.

[0009] In some embodiments, at least one of the SIM ef firobile device and the SIM
of the second mobile device is an embedded SIMgSI

[0010] In some embodiments, the identifier of the SIMIté second mobile device may
be an embedded Integrated Circuit Card IdentiB&CCID) associated with an embedded
SIM (eSIM) of the second mobile device. The firsbbite device may request that the



cellular communication network bind the elCCID asated with the eSIM of the second
mobile device to a Card Serial Number (CSN) of skeond mobile device. The first
mobile device may receive a confirmation that th@G3D associated with the eSIM of
the second mobile device is bound to the CSN of#dwmend mobile device.

[0011] A primary mobile device is also disclosed, inclglia Universal Integrated
Circuit Card (UICC) storing a Subscriber Identityoule (SIM) having an identifier
identifying the SIM; at least one processor; antheanory storing software instructions
executable by the at least one processor to céigsenbbile device to perform actions
similar to those described in the methods above.

[0012] A secondary cellular communication device is algscldsed, including a
Universal Integrated Circuit Card (UICC) configuram store an embedded Subscriber
Identity Module (eSIM); at least one processor; andmemory storing software
instructions executable by the at least one proceExecuting the software instructions
may cause the secondary cellular communicatiorcdewi receive, from a cellular
communication network, a first indication that &lM has been bound to the identifier
of the secondary cellular communication device; engx, from the cellular
communication network, a second indication that tr&iM functionality has been
initiated for the eSIM and a SIM of a primary cé&lucommunication device; download
the eSIM to the UICC; and utilize the eSIM to coada cellular communication on the
cellular communication network.

[0013] In some embodiments, the International Mobile Sribsc Identity (IMSI) of the
eSIM and an IMSI of the SIM of the primary celluleommunication device may be
mapped to a single Mobile Directory Number (MDN).

[0014] In some embodiments, the first indication and/a second indication may be
received from the cellular communication networka vithe primary cellular
communication device.

[0015] In some embodiments, the UICC may be an embedde@ (#UICC).

[0016] In some embodiments, executing the software intng may further cause the

secondary cellular communication device to requgsbvisioning of the eSIM by



communicating with an eSIM server via cellular conmications using a second eSIM
stored on the UICC, the second eSIM having limgellular communication capabilities.
[0017] In some embodiments, executing the software instmE may further cause the
secondary cellular communication device to requesbvisioning of the eSIM by
communicating with an eSIM server via a wirelesmlarea network (WLAN).

[0018] This Summary is intended to provide a brief ovesvief some of the subject
matter described in this document. Accordinglywill be appreciated that the above-
described features are merely examples and shatldenconstrued to narrow the scope
or spirit of the subject matter described hereiramy way. Other features, aspects, and
advantages of the subject matter described herdin become apparent from the

following Detailed Description, Figures, and Claims



BRIEF DESCRIPTION OF THE DRAWINGS

[0019] A better understanding of the present subject matie be obtained when the
following detailed description of the embodimerdsconsidered in conjunction with the
following drawings.

[0020] Figure 1 illustrates an example wireless commuignasystem including a
secondary wireless device, according to some emimus;

[0021] Figure 2 illustrates an example system where anskoyg wireless device can
selectively either directly communicate with a gkl base station or utilize the cellular
capabilities of an intermediate or proxy devicelsas a smart phone, according to some
embodiments;

[0022] Figure 3 is a block diagram illustrating an examgézondary wireless device,
according to some embodiments;

[0023] Figure 4 is a flow diagram illustrating example @i@n of provisioning an eSIM
to a secondary wireless device or initiating m8lM functionality using a carrier
system, according to some embodiments;

[0024] Figure 5 is a flow diagram illustrating example @imn of provisioning an eSIM
to a secondary wireless device or initiating m8li¥ functionality using a carrier system
supplemented with a client portal server, accordingome embodiments;

[0025] Figure 6 is a flow diagram illustrating example @i@n of provisioning an eSIM
to a secondary wireless device or initiating m8liM functionality using a carrier system
including an SMS server and supplemented withentlportal server, according to some
embodiments;

[0026] Figure 7 is a flow diagram illustrating example @mn of provisioning an eSIM
to a secondary wireless device or initiating m8li¥ functionality using a carrier system
supplemented with a client portal server configutedmplement a signup procedure,
according to some embodiments; and

[0027] Figure 8 is a flow diagram illustrating example @imn of provisioning an eSIM
to a secondary wireless device or initiating m8liM functionality using a carrier system

with a modified eSIM server, according to some ediinents.
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[0028] While the features described herein are suscepiblarious modifications and
alternative forms, specific embodiments thereof stitewn by way of example in the
drawings and are herein described in detail. d¢uhbe understood, however, that the
drawings and detailed description thereto are manded to be limiting to the particular
form disclosed, but on the contrary, the intent®to cover all modifications, equivalents
and alternatives falling within the spirit and seagf the subject matter as defined by the
appended claims.

[0029] The term “configured to” is used herein to conrsitecture by indicating that the
units/circuits/components include structure (ecgguitry) that performs the task or tasks
during operation. As such, the unit/circuit/comeohcan be said to be configured to
perform the task even when the specified unit/difcomponent is not currently
operational (e.g., is not on). The units/circasnponents used with the “configured to”
language include hardware—for example, circuitsmiowy storing program instructions
executable to implement the operation, etc. Rwegithat a unit/circuit/component is
“configured to” perform one or more tasks is exphgsintended _not to invoke
interpretation under 35 U.S.C. § 112(f) for thaitfeircuit/component.



DETAILED DESCRIPTION

Acronyms

[0030] The following acronyms are used in this disclosure.
[0031] 3GPP: Third Generation Partnership Project
[0032] 3GPP2: Third Generation Partnership Project 2
[0033] CSN: Card Serial Number

[0034] elCCID: Embedded Integrated Circuit Card Identifier
[0035] eSIM: Embedded SIM

[0036] GSM: Global System for Mobile Communications
[0037] ICCID: Integrated Circuit Card Identifier

[0038] IMSI: International Mobile Subscriber Identity
[0039] LTE: Long Term Evolution

[0040] LTE-A:LTE-Advanced

[0041] SIM: Subscriber Identity Module

[0042] UMTS: Universal Mobile Telecommunications System

Terminology
[0043] The following is a glossary of terms used in thsckbsure:

[0044] Memory Medium — Any of various types of non-transitory memoryides or
storage devices. The term “memory medium” is ideghto include an installation
medium, e.g., a CD-ROM, floppy disks, or tape deyia computer system memory or
random access memory such as DRAM, DDR RAM, SRABDIDERAM, Rambus RAM,
etc.; a non-volatile memory such as a Flash, magnetdia, e.g., a hard drive, or optical
storage; registers, or other similar types of mgnadements, etc. The memory medium
may include other types of non-transitory memoryna or combinations thereof. In
addition, the memory medium may be located in st fwomputer system in which the
programs are executed, or may be located in a dedifierent computer system which

connects to the first computer system over a nétwsach as the Internet. In the latter
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instance, the second computer system may providgrgm instructions to the first
computer for execution. The term “memory mediundynmclude two or more memory
mediums which may reside in different locationg,,en different computer systems that
are connected over a network. The memory medium st@e program instructions
(e.g., embodied as computer programs) that mayéeuged by one or more processors.
[0045] Carrier Medium — a memory medium as described above, as wellpdysical
transmission medium, such as a bus, network, aother physical transmission medium
that conveys signals such as electrical, electrowtag or digital signals.

[0046] Programmable Hardware Element — includes various hardware devices
including multiple programmable function blocks pented via a programmable
interconnect. Examples include FPGAs (Field Pnognable Gate Arrays), PLDs
(Programmable Logic Devices), FPOAs (Field Prograie Object Arrays), and
CPLDs (Complex PLDs). The programmable functioncké may range from fine
grained (combinatorial logic or look up tablesktarse grained (arithmetic logic units or
processor cores). A programmable hardware elemey also be referred to as
"reconfigurable logic”.

[0047] Computer System— any of various types of computing or processpgtems,
including a personal computer system (PC), maindrammmputer system, workstation,
network appliance, Internet appliance, personataligssistant (PDA), television system,
grid computing system, or other device or comboratiof devices. In general, the term
"computer system" can be broadly defined to encesgay device (or combination of
devices) having at least one processor that exeqaguctions from a memory medium.
[0048] User Equipment (UE) (or “UE Device”) — any of various types of computer
systems devices which are mobile or portable andchwhperforms wireless
communications. Examples of UE devices include ifadielephones or smart phones
(e.g., iPhone™, Android™-based phones), portablmimgg devices (e.g., Nintendo
DS™, PlayStation Portable™, Gameboy Advance™, iRy laptops, wearable
devices (e.g. smart watch, smart glasses), PDA&lge Internet devices, music players,

data storage devices, or other handheld devices,letgeneral, the term “UE” or “UE



device” can be broadly defined to encompass angtreldc, computing, and/or
telecommunications device (or combination of desjoghich is easily transported by a
user and capable of wireless communication.

[0049] Base Station— The term "Base Station" (also called “eNB”) hias full breadth
of its ordinary meaning, and at least includes @elss communication station installed
at a fixed location and used to communicate asqdatwireless cellular communication
system.

[0050] Processing Element- refers to various elements or combinations emeints.
Processing elements include, for example, cirauth as an ASIC (Application Specific
Integrated Circuit), portions or circuits of indivial processor cores, entire processor
cores, individual processors, programmable hardwdevices such as a field
programmable gate array (FPGA), and/or larger postiof systems that include multiple
processors.

[0051] Automatically — refers to an action or operation performed lopmputer system
(e.g., software executed by the computer systerdpwice (e.g., circuitry, programmable
hardware elements, ASICs, etc.), without user imjgctly specifying or performing the
action or operation. Thus the term "automaticald/In contrast to an operation being
manually performed or specified by the user, whbee user provides input to directly
perform the operation. An automatic procedure baynitiated by input provided by the
user, but the subsequent actions that are perfofmédmatically” are not specified by
the user, i.e., are not performed “manually”, whdre user specifies each action to
perform. For example, a user filling out an elecic form by selecting each field and
providing input specifying information (e.g., byptgg information, selecting check
boxes, radio selections, etc.) is filling out tleenh manually, even though the computer
system must update the form in response to the asgons. The form may be
automatically filled out by the computer system veheéhe computer system (e.g.,
software executing on the computer system) analymeselds of the form and fills in the
form without any user input specifying the answerthe fields. As indicated above, the

user may invoke the automatic filling of the forbut is not involved in the actual filling



of the form (e.g., the user is not manually spéagyanswers to fields but rather they are
being automatically completed). The present spatibn provides various examples of

operations being automatically performed in respdnsactions the user has taken.

Figure 1 — Wireless Communication System

[0052] Figure 1 illustrates an example of a wireless tailutommunication system. It is
noted that Figure 1 represents one possibility @amorany, and that features of the
present disclosure may be implemented in any abuarsystems, as desired.

[0053] As shown, the exemplary wireless communicationesgsncludes a cellular base
station 102A, which communicates over a transmissitedium with one or more
wireless devices 106A, 106B, etc., as well as stamgnwireless device 107. Wireless
devices 106A, 106B, and 107 may be user devicegshwhay be referred to herein as
“user equipment” (UE) or UE devices.

[0054] The base station 102 may be a base transceivems(B{T'S) or cell site, and may
include hardware that enables wireless communicatith the UE devices 106A, 106B,
and 107. The base station 102 may also be equippsazimmunicate with a network 100
(e.g., a core network of a cellular service progidetelecommunication network such as
a public switched telephone network (PSTN), andioe Internet, among various
possibilities). Thus, the base station 102 maififaie communication between the UE
devices 106 and 107 and/or between the UE devigéd 107 and the network 100. In
other implementations, base station 102 can beigioefl to provide communications
over one or more other wireless technologies, sischn access point supporting one or
more WLAN protocols, such as 802.11 a, b, g, n, ak, and/or ax, or LTE in an
unlicensed band (LAA).

[0055] The communication area (or coverage area) of thee lsation 102 may be
referred to as a “cell.” The base station 102 twedUEs 106 / 107 may be configured to
communicate over the transmission medium using ahyvarious radio access

technologies (RATs) or wireless communication tetbgies, such as GSM, UMTS
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(WCDMA, TDS-CDMA), LTE, LTE-Advanced (LTE-A), HSPA3GPP2 CDMA2000
(e.g., IXRTT, 1XxEV-DO, HRPD, eHRPD), Wi-Fi, WIMAX®@

[0056] Base station 102 and other similar base statioosgimown) operating according
to one or more cellular communication technologres/ thus be provided as a network
of cells, which may provide continuous or nearlytimuous overlapping service to UE
devices 106A-N and 107 and similar devices ov&ride geographic area via one or
more cellular communication technologies.

[0057] Note that at least in some instances a UE devi€e/1107 may be capable of
communicating using any of a plurality of wirelessmmunication technologies. For
example, a UE device 106 / 107 might be configuoecommunicate using one or more
of GSM, UMTS, CDMA2000, WIMAX, LTE, LTE-A, WLAN, Buetooth, one or more
global navigational satellite systems (GNSS, &S or GLONASS), one and/or more
mobile television broadcasting standards (e.g., -M§H), etc. Other combinations of
wireless communication technologies (including mibran two wireless communication
technologies) are also possible. Likewise, in samtances a UE device 106 / 107 may
be configured to communicate using only a singlelss communication technology.
[0058] The UEs 106A and 106B are typically handheld dessgech as smart phones or
tablets, but may be any of various types of dewdth cellular communications
capability. The UE 106B may be configured to comioate with the UE device 107,
which may be referred to as a secondary wirelesgeld07. The secondary wireless
device 107 may be any of various types of devisash as a wearable device, a tablet
computing device, a laptop computer, or a handhieldce. The secondary wireless
device 107 may, in some cases, have a smaller factor and/or may have limited
battery, output power and/or communications abditrelative to UEs 106. As one
common example, the UE 106B may be a smart phomgedaby a user, and the
secondary wireless device 107 may be a smart watch by that same user. The UE
106B and the secondary wireless device 107 may aonuate, e.g., using any of various

short range communication protocols, such as Baikto
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[0059] In some embodiments the UE 106B and/or the secpndegless device 107 may
be configured to perform dynamic multi-SIM provisiog, as described herein.

[0060] Figure 2 illustrates an example secondary wiretksssce 107 in communication
with base station 102. The secondary wirelesscdel®7 may be a wearable device such
as a smart watch. The secondary wireless devicé @y include cellular
communication capability and be capable of directlynmunicating with the base station
102 as shown. The secondary wireless device 107atsaybe capable of communicating
with another device (e.g., UE 106), e.g., usindhartsrange communications protocol,
such as Wi-Fi or Bluetooth.

[0061] The secondary wireless device 107 may include agssor that is configured to
execute program instructions stored in memory. Séwondary wireless device 107 may
perform any of the method embodiments describe@imdry executing such stored
instructions. Alternatively, or in addition, thecemdary wireless device 107 may include
a programmable hardware element such as an FP@A-ffiogrammable gate array), or
other circuitry, that is configured to perform amfythe method embodiments described
herein, or any portion of any of the method embafita described herein. For example,
the secondary wireless device 107 may be configtwederform dynamic multi-SIM
provisioning, as described herein.

[0062] The secondary wireless device 107 may include onenore antennas for
communicating using two or more wireless commuiacaiprotocols or radio access
technologies. In some embodiments, the secondamyless device 107 might be
configured to communicate using a single sharewbratihe shared radio may couple to a
single antenna, or may couple to multiple antenfeg., for MIMO) for performing
wireless communications. Alternatively, the se@wydvireless device 107 may include
two or more radios. For example, the secondargless device 107 might include a
shared radio for communicating using either of L{E LTE-Advanced) or Bluetooth,
and separate radios for communicating using eachT&-Advanced and Bluetooth.

Other configurations are also possible.
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[0063] The secondary wireless device 107 may be any abwsutypes of devices, and
may, in some embodiments, have a smaller form rfaefative to a conventional smart
phone. As noted above, in some embodiments, ttendary wireless device 107 may be
a smart watch or other type of wearable device. aAsther example, the secondary

wireless device 107 may be a tablet device, suemaBad", by Apple Inc.

Figure 3 — Example Block Diagram of a Secondaryeléss Device

[0064] Figure 3 illustrates one possible block diagramacdecondary wireless device
107. As shown, the secondary wireless 107 mawdech system on chip (SOC) 300,
which may include portions for various purpose®r &ample, as shown, the SOC 300
may include processor(s) 302 which may executerprognstructions for the UE 106,
and display circuitry 304 which may perform graphfmrocessing and provide display
signals to the display 360. The processor(s) 3@¥ w@so be coupled to memory
management unit (MMU) 340, which may be configutedeceive addresses from the
processor(s) 302 and translate those addressesatohs in memory (e.g., memory 306,
read only memory (ROM) 350, Flash memory 310). WhdU 340 may be configured
to perform memory protection and page table traéioslaor set up. In some
embodiments, the MMU 340 may be included as a@oui the processor(s) 302.

[0065] The secondary wireless device 107 may also inchtfier circuits or devices,
such as the display circuitry 304, radio 330, catmrel/F 320, and/or display 340. The
wireless device 107 may further include one or nmwomart cards 370 that include SIM
(Subscriber Identity Module) functionality, such ase or more UICC(s) (Universal
Integrated Circuit Card(s)).

[0066] In the embodiment shown, ROM 350 may include a lbader, which may be
executed by the processor(s) 302 during boot umitalization. As also shown, the
SOC 300 may be coupled to various other circuithefsecondary wireless device 107.
For example, the secondary wireless device 107inthyde various types of memory, a

connector interface 320 (e.g., for coupling to apater system), the display 360, and
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wireless communication circuitry (e.g., for comneation using LTE, CDMA2000,
Bluetooth, Wi-Fi, NFC, GPS, etc.).

[0067] The secondary wireless device 107 may includeaast lene antenna, and in some
embodiments multiple antennas, for performing wessl communication with base
stations and/or other devices. For example, tobergtary wireless device 107 may use
antenna 335 to perform the wireless communicatiés. noted above, the UE may in
some embodiments be configured to communicate egisg) using a plurality of wireless
communication standards or radio access technacl¢BATS).

[0068] As noted above, the secondary wireless device 18y inctlude at least one
smart card 370, such as a UICC, which executeon®re Subscriber Identity Module
(SIM) applications and/or otherwise implements Silvctionality. The at least one smart
card 370 may be only a single smart card 370, eisdtondary wireless device 107 may
include two or more smart cards 370.

[0069] Each smart card 370 may be embedded, e.g., magltdersd onto a circuit
board in the secondary wireless device 107, or sadrt card 370 may be implemented
as a removable smart card. Thus the smart card@En®y be one or more removable
smart cards (such as UICCs, which are sometimesreefto as “SIM cards”), and/or the
smart card(s) 370 may be one or more embedded ¢amdtr as embedded UICCs
(eUICCs), which are sometimes referred to as “e8#vtls”), which may be fixed/non-
removable. In some embodiments, the secondary essetlevice 107 may include a
combination of removable smart cards and embeddeartscards, as desired. For
example, the UE 106 may include two embedded soaads 370, two removable smart
cards 370, or a combination of one embedded sraadt £/0 and one removable smart
card 370. Various other SIM configurations are alsotemplated.

[0070] In some embodiments, one or more of the smart €aR{0 may implement
embedded SIM (eSIM) functionality. In such emboditse a single one of the smart
card(s) 370 may execute multiple SIMs. An eSIM nbayimplemented on either an
eUICC or a removable UICC, as long as the cardsratpg system supports eSIM

functionality.
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[0071] Each of the smart card(s) 370 may include compen&inth as a processor and
a memory. Instructions for performing SIM/eSIM ftiooality may be stored in the
memory and executed by the processor.

[0072] As described herein, the secondary wireless dedd@emay include hardware and
software components for implementing methods adegrdo embodiments of this
disclosure. For example, the secondary wirelessceel07 may be configured to
perform dynamic multi-SIM provisioning, as descdbeerein. The processor 302 of the
secondary wireless device 107 may be configureshpdement part or all of the methods
described herein, e.g., by executing program ingStms stored on a memory medium
(e.g., a non-transitory computer-readable memorgiune). In other embodiments,
processor 302 may be configured as a programmalotbviare element, such as an FPGA
(Field Programmable Gate Array), or as an ASIC (Aapion Specific Integrated
Circuit).

[0073] It is noted that the UEs 106A and 106B shown inuFégl may have a similar

architecture to that described above.

Multi-SIM Provisioning

[0074] Some wireless communications networks support AUl functionality. With
multi-SIM functionality, multiple SIMs, e.g., assated with multiple devices, may be
associated with a shared contact address, suclslzared telephone number. Thus, with
multi-SIM functionality, a telephone call placed tioe shared telephone number may
cause each of the multiple devices to ring simeltassly, or substantially simultaneously.
The call may then be accepted on any of the deviiesilarly, a call placed from any of
the devices may be identified with the shared numBé&er communications functions,
such as SMS or MMS messages, may be handled dymHae., a received message may
be delivered to all devices associated with theeshaumber, and an outgoing message
may be identified with the shared number, regasdtdswhich of the associated devices

originated the message.
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[0075] To accomplish multi-SIM functionality between arpery device, such as the
UE 106, and a secondary device, such as the sagonwi@less device 107, a carrier
network may map a SIM of each of the two devices, ¢he IMSI of each of the devices,
to the same Mobile Directory Number (MDN). Thuscleaevice maintains unique SIM
information (e.g., for identification and authemation within the network), while sharing
a common MDN. When a communication is receivedhgyrtetwork that is addressed to
the common MDN, the network may fork the communaragt directing it to both the
primary device and the secondary device associaitdthe common MDN. Similarly,
when either the primary device or the secondaryceemitiates a communication, the
network may handle the communication as having iatpaf origin identified by the
common MDN. Thus, either device may be used tal sanreceive communications
associated with the MDN, regardless of the proxinoit operational state of the other
device.

[0076] To accomplish multi-SIM functionality within a mdeidevice, a SIM of the
mobile device may include an operating system gonéid to support multi-SIM.
Historically, SIMs have been provisioned with thimctionality at time of manufacture.
Furthermore, SIMs have historically been manufactwith multi-SIM pairing in place;
i.e., with two or more SIMs manufactured as paoedrouped sets of SIMs.

[0077] However, the systems and methods disclosed herewide functionality to
dynamically provision a previously unpaired SIM hwinulti-SIM functionality, as long
as the SIM’s operating system supports multi-Sikictionality.

[0078] Additionally, as discussed herein, eSIMs may alBsadnfigured to operate with
multi-SIM functionality. Thus, dynamic provisioningf eSIMs, as described herein,
allows for already-operating mobile devices to lyaaically provisioned with eSIMs

configured to support multi-SIM functionality.

Figures 4-8 — Dynamically Provisioning an eSIM dmitiating Multi-SIM Functionality

[0079] Figures 4 through 8 are flow diagrams illustratexgample methods by which a

secondary wireless device 107 may be dynamicatlyipioned with an eSIM for wireless
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communication, such as cellular communications, /@ndoy which multi-SIM
functionality may be initiated for a primary wirgkedevice 106 and a secondary wireless
device 107. In some scenarios, the eSIM for thersdary device may be provisioned
using account information from a primary wirelesvide 106. For example, a primary
wireless device 106 having SIM account informatiay be configured to sign in to a
client portal, and to add the secondary wirelesgcdel07 to the SIM account, e.g., by
initiating provisioning of an eSIM associated witie SIM account to the secondary
wireless device. If the carrier supports multi-Sfivhctionality, then the provisioning of
the eSIM may include adding multi-SIM functionalttythe SIM account.

[0080] Figure 4 illustrates provisioning an eSIM to themwlary wireless device 107
and/or initiating multi-SIM functionality using aaaier system. Figure 5 illustrates
provisioning an eSIM to the secondary wireless @07 and/or initiating multi-SIM
functionality using a carrier system supplementeth \a client portal server. Figure 6
illustrates provisioning an eSIM to the secondarel@ss device 107 and/or initiating
multi-SIM functionality using a carrier system thaicludes an SMS server and is
supplemented with a client portal server. Figuibustrates provisioning an eSIM to the
secondary wireless device and/or initiating mul¥Sunctionality using a carrier system
supplemented with a client portal server configuredmplement a signup procedure.
Figure 8 illustrates provisioning an eSIM to theca®lary wireless device and/or
initiating multi-SIM functionality using a carriaystem with a modified eSIM server.
[0081] It should be understood that the flow diagramsthated in Figures are simplified
for ease of explanation. The systems illustrateg¢ melude additional elements and/or
signals. Although the following discussion may ud# descriptions of a first element
“transmitting to” a second element one or more aigjnt should be understood that such
signals may, in some circumstances, be transmiitethtermediary elements, such as a
radio access network (e.g. including a cellulaelstation or other wireless access point),
and/or via intermediary networks (e.g., a WLAN, theernet, and/or other portions of the

cellular network).
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Figure 4 — Provisioning an eSIM or Initiating MuIM using a Carrier System

[0082] Figure 4 illustrates communications 402-436, semt connection with a
communications system including a primary devicegeondary device, an access server,
a telephony application server (TAS)/billing systemmd an eSIM server. Each of the
communications 402-436 may include one or more agesstransmitted between the
illustrated elements of the communications systéhe primary device may include a
device such as the UE 106, as discussed abovesddwndary device may include a
device such as the secondary wireless device Hdisaussed above. The access server
may include one or more server devices configuoedontrol access to the eSIM server
and/or to the HSS/TAS/billing system. The accessesemay be hosted by the carrier,
such as a cellular service provider, or by an agérnhe carrier. The HSS/TAS/billing
system may include one or more server devices gargd to provide wireless account
information and services, such as billing inforroatand services, for a wireless device
by the carrier. The one or more server devicehefHSS/TAS/billing system may be
further configured to provide additional telephapplication services, and may act, for
example, as a home subscriber server. The HSS/TIg)Isystem may be hosted by the
carrier or by an agent of the carrier. The eSIM/@emay include one or more server
devices configured to manage and provision eSIM® &SIM server may be hosted by
the carrier, such as a cellular service providebyoan agent of the carrier.

[0083] The primary device may transmit a query 402, retjug$rom the access server
information regarding service plans available fog secondary device. For example, the
query 402 may request information regarding seryil@ns that may be added to an
existing service plan of the primary device. Theergqu402 may identify the primary
and/or the secondary device. For example, the qd@®/ may identify a Card Serial
Number (CSN) associated with an eUICC of the seagndevice. In some scenarios,
using an identifier associated with the physical®&C} such as a CSN, to identify the
secondary device may provide advantages over whey identifiers known in the art,
such as an Integrated Circuit Card ID (ICCID) numlvéhich is associated with a SIM.

For example, because an eUICC may be dynamicalligioned with an eSIM, an eSIM
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present on the eUICC may potentially be replaceti winew eSIM, which may have a
different ICCID. In other scenarios, an ICCID ohet identifier may be used to identify
the secondary device. In some scenarios, the g#@2y may be transmitted by the
secondary device to the access server, e.g., WaAilN, or by using a second SIM (e.g.,
a limited functionality SIM), as discussed below.

[0084] In response to receiving the query 402, the acsepger may transmit to the
HSS/TAS/billing system a query 404, which may relaythe HSS/TAS/billing system
the request for information regarding service plavailable for the secondary device.
[0085] In response to receiving the query 404, the HSS/BfBg system may identify
information regarding service plans available for secondary device. For example, the
information may include a list of one or more seevplans available to the secondary
device, and may include further information, such a cost of each plan and/or
contractual terms and conditions associated withammore of the plans.

[0086] The service plans available to the secondary dewiag be fixed, or may be
dependent upon one or more factors, such as aedgype of the secondary device or a
service plan associated with the primary devicesdme scenarios, the list of service
plans may include service plans pertaining solelyhe secondary device. For example,
the list of service plans may include specified ante of voice and/or data
communications available for use by the secondaxycd, e.g., within a specified time
period, for a given price. As illustrative examplt® list may include service plans such
as 400 minutes of voice and 2 GB of data for $Xmenth, 1000 minutes of voice and 5
GB of data for $Y per month, and/or unlimited voael data for $Z per month.

[0087] Additionally, or alternatively, the list of serviggans may include service plans
pertaining to both the primary device and the sdaondevice. For example, the list of
service plans may include one or more plans thaivahe secondary device to use data
and/or voice resources allotted to the primary cevVor a given price. As an illustrative
example, if the primary device operates with aiserplan providing 1000 minutes of

voice and 5 GB of data each month, the list of iserplans may include an option to
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allow the secondary device to utilize some or &althe 1000 minutes of voice and/or 5
GB of data for an additional $W per month.

[0088] The HSS/TAS/billing system may then transmit a oese 406, providing to the
access server the identified information regardieryice plans. Response 406 may be at
least partially in response to the query 404.

[0089] In response to receiving the response 406, thesa@aver may transmit to the
primary device a response 408, which may relayéoprimary device some or all of the
identified information regarding service plans &fale for the secondary device.

[0090] Upon receiving the information regarding servicangl, the primary device may
display some or all of the information to a usedad. For example the primary device
may display a graphical user interface includinigsiaof service plans available for the
secondary device. The graphical user interface rayher include additional
information, such as a cost of each service plad/ca terms and conditions associated
with one or more of the service plans.

[0091] At 412, the primary device may receive from theruseinput. For example, the
primary device may receive input from a user vidoach-screen interaction, voice
command, or any other input method. The user impay select one of the available
service plans, and may also provide additional ihpuch as an input signifying
acceptance of contractual terms and conditionscagsd with the selected service plan.
In some scenarios, communications 410 and 412 ndhyde multiple steps, and may be
iterative. In one illustrative example, the primakgvice may display a list of available
service plans; receive a user selection of onéefdisplayed service plans; in response,
may then display terms and conditions associatél tve selected service plan; and may
receive an additional user input signifying accepéaof the terms and conditions. Other
information may also be displayed, such as requésts payment information,
configuration settings, etc., and other user inpo#&y be received, e.g., in response to
such other information. In some scenarios, one orenprompts requesting security
information (e.g., username and password, persof@mation) may also be displayed,

and the security information may be received. Ims®cenarios, the primary device may
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take no further action toward activating a serviglan or initiating multi-SIM
functionality unless the correct security infornoatis received.

[0092] The primary device may transmit to the access sameAdd Plan instruction
414 to activate a service plan for the secondamjcde For example, the Add Plan
instruction 414 may include instruction to add evee plan for the secondary device to
an existing account associated with the primaryadeun some examples, the Add Plan
instruction 414 may additionally, or alternativelgclude an indication to provision the
secondary device with multi-SIM functionality based the primary device. The Add
Plan instruction 414 may identify the selected serplan. The Add Plan instruction 414
may also identify the secondary device and/or tiv@gry device, e.g., using one or more
ICCIDs and/or CSNs. The Add Plan instruction 414y rpa transmitted at least partially
in response to receiving the user input at 412ther scenarios, the primary device may
automatically transmit the Add Plan instruction 4d4esponse to receiving the response
408, without displaying information at 410 or redeg user input at 412, for example if
the response 408 identified only one availableiserplan, or if a service plan may be
identified by the primary device based on previgustceived user preferences or
instructions.

[0093] In response to receiving the Add Plan instructidd,4the access server may
transmit to the eSIM server a Reserve elCCID imsion 416. The Reserve elCCID
instruction 416 may identify the secondary devind/ar the primary device, e.g., using
one or more ICCIDs and/or CSNs. The Reserve eldadbuction 416 may also identify
the selected service plan. The Reserve elCCID ucstn 416 may also optionally
include an indication that the elCCID to be resdrshould be associated with an eSIM
configured to support multi-SIM functionality. Iresponse to receiving the Reserve
elCCID instruction 416, the eSIM server may reseave elCCID for the secondary
device, wherein the reserved elCCID is associatiid an eSIM configured to support
the selected service plan. The eSIM server may themmit to the access server a
Reserve ACK 418, acknowledging that an elCCID hesnbreserved for the secondary
device. The Reserve ACK 418 may identify the resg¢CCID.
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[0094] The access server may transmit to the HSS/TASIpiklystem an Activate Plan
instruction 420 to activate a service plan for #sEondary device. For example, the
Activate Plan instruction 420 may include instrontito add a service plan for the
secondary device to an existing account assocvatbdthe primary device. Additionally,
or alternatively, the Activate Plan instruction 4@y include an indication to initiate
multi-SIM functionality for the primary device artie secondary device. The Activate
Plan instruction 420 may identify the selected iserplan. The Activate Plan instruction
420 may also identify the secondary device andiferprimary device, e.g., using one or
more ICCIDs (e.g., the reserved elCCID) and/or CSNe& access server may transmit
the Activate Plan instruction 420 at least partiati response to receiving the Reserve
ACK 418.

[0095] In response to receiving the Activate Plan instamc20, the HSS/TAS/billing
system may activate the selected service plarhisécondary device. For example, the
HSS/TAS/billing system may add the selected senptan to an existing account
associated with the primary device. Additionally, alternatively, the HSS/TAS/billing
system may initiate multi-SIM functionality for tharimary device and the secondary
device. For example, the HSS/TAS/billing system mmeap the IMSI (or other identifier)
of each of the primary device and the secondaryicdeto the same MDN. The
HSS/TAS/billing system may then transmit to theesscserver an Activate ACK 422,
acknowledging that the selected service plan has laetivated and/or that multi-SIM
functionality has been initiated. The Activate A@R2 may include a URL from which
the eSIM associated with the bound elCCID may hendimaded.

[0096] The access server may transmit to the eSIM seni&na elCCID instruction
424. The Bind elCCID instruction 424 may identityetsecondary device and/or the
reserved elCCID. The access server may transmiBiheé elCCID instruction 424 at
least partially in response to receiving the AdevACK 422. In response to receiving the
Bind elCCID instruction 424, the eSIM server mandithe reserved elCCID to the
secondary device, e.g., by binding the elCCID te @SN or other identifier of the
secondary device. The eSIM may then transmit toaiteess server a Bind ACK 426,
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acknowledging that the elCCID has been bound. Tihd BCK 426 may include a URL
from which the eSIM associated with the bound el@@lay be downloaded.

[0097] The access server may transmit to the primary deaic Add Plan ACK 428,
acknowledging that the service plan has been detiveor the secondary device and/or
that multi-SIM functionality has been initiated. &laccess server may transmit the Add
Plan ACK 428 at least partially in response to iseng the Bind ACK 426. The Add
Plan ACK 428 may include the elCCID bound to theoselary device by the eSIM
server. The Add Plan ACK 428 may also include a U&Lother network address, from
which the eSIM associated with the bound elCCID rbhaydownloaded. Alternatively,
the URL may be provided at another point, sucmabe response 408, or the URL may
be pre-defined in a software configuration of thienary device.

[0098] The primary device may transmit to the secondanjcgean eSIM Download
instruction 430. The eSIM Download instruction 48tay identify an eSIM to be
provisioned to the secondary device, e.g., by itleéng the elCCID bound to the
secondary device by the eSIM server. Because tbendary device has not yet been
provisioned with the bound eSIM for communicationtbe carrier network, the primary
device may, in some scenarios, transmit the eSIMvridmad instruction 430 via a
secondary communication channel, such as a WLANwvaor&t or a short-range
communication connection, such as a Bluetooth octiore The primary device may
transmit the eSIM Download instruction 430 at |gzesttially in response to receiving the
Add Plan ACK 428.

[0099] The secondary device may transmit to the eSIM seavelnitiate Download
instruction 432, which may identify one or moretbé secondary device, the primary
device, or the eSIM to be provisioned to the seaondevice. For example, the Initiate
Download instruction 432 may include the elCCID bduo the secondary device, the
CSN or other identifier of the secondary devicel/anan ICCID or other identifier of the
primary device. The secondary device may addresnitiate Download instruction 432
to the URL identified in the Add Plan ACK 428. Teecondary device may transmit the

Initiate Download instruction 432 at least partiailh response to receiving the eSIM
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Download instruction 430. In some scenarios, theoisgary device may transmit the
Initiate Download instruction 432 at least partiafti response to receiving a Bind ACK,
such as the Bind ACK 426, or other indication frthra eSIM server, the access server, or
the primary device that the eSIM is ready for davawl. In some scenarios, the secondary
device may transmit the Initiate Download instrontd32 at least partially in response to
receiving an Activate ACK, such as the Activate A@R2, or other indication from the
HSS/TAS/billing system, the access server, or tiraary device that the selected service
plan has been activated and/or that the multi-SIMcfionality has been initiated.
[00100]At least partially in response to receiving thdi&te Download instruction 432,
the eSIM server may transmit to the secondary éemiceSIM Payload 434, including the
eSIM bound to the secondary device.

[00101]The secondary device may receive the eSIM Payl@dda#hd store the included
eSIM in an eUICC, at 436. At this stage, the seaondlevice has been successfully
provisioned with the eSIM, and may use the provistbeSIM for communication on the
carrier network. The secondary device may, in seg@narios, communicate to the first
device a notification of success or failure of dévading the eSIM.

[00102]As illustrated in Figure 4, in some scenarios, phienary device may act as a
proxy for the secondary device in communicating ltheate Download instruction 432
and/or the eSIM Payload 434 with the eSIM servey,, decause the secondary device
has not yet been provisioned with the bound eSIMclammunication on the carrier
network. For example, the secondary device maybreotonfigured to communicate via
cellular or WLAN networks, or may fail to obtain adequate connection via such
networks. In such scenarios, the primary device awyas a proxy in communicating
with the eSIM server. For example, the secondamicdemay transmit the Initiate
Download instruction 432 to the primary device aiaecondary communication channel,
such as a short-range communication connectiory agca Bluetooth connection. The
primary device may then forward the Initiate Dowadoinstruction 432 to the eSIM

server via the carrier network. Similarly, the eS8ktver may transmit the eSIM Payload
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434 to the primary device. The primary device ntentforward the eSIM Payload 434 to
the secondary device via the secondary communicatiannel.

[00103]In other scenarios, the secondary device may babtamf communicating with
the eSIM server and/or other network componentsctly, without the primary device
acting as a proxy. For example, in some such siwEahe secondary device may be
incapable of communicating via the carrier netwotkit may be capable of
communicating with the eSIM server via a long-ranggcondary communication
network, such as a WLAN network. In other such aces, the secondary device may
have limited capability to communicate via the earmetwork, even prior to being
provisioned with the bound eSIM. For example, trezosdary device may have
previously been provisioned with a SIM configurea $upport only cellular data
communications, and not cellular voice communicetidn such an example, the bound
eSIM may be downloaded by the secondary device, (@lgere the secondary device
includes multiple UICCs/eUICCs, and/or a single @0lIconfigured to execute multiple
SIMs) to provide additional communications capéeti via the carrier network, such as
voice communications. Thus, the secondary devicg beacapable of communicating
with the eSIM server via the carrier network usthg previously provisioned data-only
SIM in order to obtain the new bound eSIM. As aerotexample, the secondary device
may have previously been provisioned with a limi&t1 — sometimes referred to as a
“bootstrap SIM.” A bootstrap SIM may be configutedsupport only communications in
connection with provisioning of a new eSIM, suchtraasmitting the Initiate Download
instruction 432 and receiving the eSIM Payload 48#% may not support communication
of user data. Thus, the secondary device may tebtapf communicating with the eSIM
server via the carrier network using the previoyslyvisioned bootstrap SIM in order to
obtain the new bound eSIM.

[00104] The methods as disclosed above in connection wvigilwr& 4 are useful in various
scenarios, and especially in scenarios in whiclc#pabilities of the secondary device are
limited with regard to communication or configuoati For example, in scenarios in

which the secondary device is a smart watch, thihodeillustrated in Figure 4 may be
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advantageous, as a larger or more capable intedadbe primary device may be
leveraged in the process of provisioning the seapnddevice with an eSIM.
Additionally, as discussed above, communicatiomsbdities of the primary device may
also be leveraged in communicating with the eSIMereand/or the access server in the
process of provisioning the secondary device withe&IM. Additionally, as discussed
above, involvement of the primary device in theysimning process may be desirable in
scenarios in which the service plan selected fersécondary device is to be added to an
existing account associated with the primary device

[00105]However, in other scenarios, the secondary deviag imclude communication
and configuration capabilities sufficient to alldiae secondary device to initiate its own
provisioning with an eSIM. For example, the secopdievice may be a tablet computer,
which may include a large display, and which mayther include long-range
communication capabilities, e.g., by using WLAN coomication circuitry and/or a
previously provisioned SIM, such as a data-only StMa bootstrap SIM. In such
scenarios, the method of Figure 4 may be adapteénmve the primary device. For
example, the secondary device may transmit theygt@2, the Add Plan instruction 414,
and the Initiate Download instruction 432. Simyarthe secondary device may receive
the reply 408, the Add Plan ACK 428, and the eSi&I&ad 434. The secondary device
may also display information at 410 and receive ugeut at 412. The eSIM Download
instruction 430 may be omitted.

[00106]It should be understood that Figure 4, and thequlieg description thereof, are
merely exemplary, and various steps or communicatioay be omitted or reordered. For
example, in some scenarios, the access serverrarggntit the Bind elCCID instruction
424 in response to receiving the Reserve ACK 48, raay then transmit the Activate
Plan instruction 420 in response to receiving thlBACK 426. As another example, in
some scenarios, some or all of communications 4@Pway be omitted, for example,
where only one service plan is available for thebadary device. In some such scenarios,

a user instruction received at 412 may initiategnaission of the Add Plan instruction
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414 with regard to the one available service planithout transmission of
communications 402-410.

[00107]As yet another example, multi-SIM functionality mae initiated for the primary
device and the secondary device, where the secpndevice has already been
provisioned with a multi-SIM-capable SIM. In someck scenarios, communications
402-410, 416, 418, 424, 426, and 430-434 may bétedniFor example, a user input at
412 may cause the primary device to transmit the Ridn instruction 414, leading to the
Activate Plan instruction 420. As noted above, #dd Plan instruction 414 and the
Activate Plan instruction 420 may include an intima to initiate multi-SIM
functionality. In this example, the Add Plan instion 414 and the Activate Plan
instruction 420 may not include any instructioratid a new service plan. In response to
receiving the Activate Plan instruction 420, the 3ABAS/billing system may initiate
multi-sim functionality, e.g., by mapping an IMSdr(other identifier) of each of the
primary device and the secondary device to the 3dDis.

[00108]It should be understood that, while Figure 4 illatts the primary device as a
smart phone and the secondary device as a smachwditese illustrations are not
intended to be limiting. The primary device and sleeondary device are intended to have

their full breadth of scope as defined herein.

Figure 5 — Provisioning an eSIM or Initiating MuiM using a Client Portal Server

[00109]Figure 5 illustrates communications 502-540, semt connection with a
communications system including a primary devicegeondary device, an access server,
a telephony application server (TAS)/billing systeanclient portal server, and an eSIM
server. Each of the communications 502-540 mayudelone or more messages
transmitted between the illustrated elements ofctltramunications system. The primary
device may include a device such as the UE 10@lississed above. The secondary
device may include a device such as the secondagless device 107, as discussed
above. The access server may include one or moversgevices configured to control

access to the HSS/TAS/billing system. The accessisenay be hosted by the carrier,
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such as a cellular service provider, or by an agérnhe carrier. The HSS/TAS/billing
system may include one or more server devices gar&id to provide wireless account
information and services, such as billing inforraatand services, for a wireless device
by the carrier. The one or more server devicehefHSS/TAS/billing system may be
further configured to provide additional telephapplication services, and may act, for
example, as a home subscriber server. The HSS/TIkgJIsystem may be hosted by the
carrier or by an agent of the carrier. The eSIM/@&emay include one or more server
devices configured to manage and provision eSIM® @SIM server may be hosted by
the carrier, such as a cellular service providefhyoan agent of the carrier, or by a third-
party entity, such as, e.g., an entity that maychpable of verifying an association
between the primary device and the secondary devVibe client portal server may
include one or more server devices configured ¢tdiae interaction between a wireless
device and the carrier. For example, the clientgb@erver may be configured to provide
a security interface between the primary devicethed®SIM server. Specifically, in some
scenarios, the eSIM server may be configured toneonicate only with a trusted
network entity, such as a client portal server andh access server. The client portal
server may be hosted by a carrier or agent ofdiec, or by the third-party entity.
[00110]By providing and hosting the client portal served dhe eSIM server, the third-
party entity may provide for provision of eSIMs oglele on the carrier network, while
decreasing the changes to be made by the carrighetgqreviously existing carrier
network.

[00111]Communications 502-512 may be similar to commuiooat402-412 of Figure
4, and the description of each of communication2-402 may be appliednutatis
mutandis, to communications 502-512.

[00112]The primary device may transmit to the client ploserver a Reserve and Bind
elCCID instruction 514. The Reserve and Bind elC@iBtruction 514 may identify the
selected service plan. The Reserve and Bind elG@Duction 514 may also optionally
include an indication that the elCCID to be resdrshould be associated with an eSIM

configured to support multi-SIM functionality. Tieserve and Bind elCCID instruction
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514 may also identify the secondary device andiergrimary device, e.g., using one or
more ICCIDs and/or CSNs. The Reserve and Bind dIC{Dbktruction 514 may be
transmitted at least partially in response to rengithe user input at 512.

[00113]In response to receiving the Reserve and Bind ddXd@dtruction 514, the client
portal server may transmit to the eSIM server aeReselCCID instruction 516. The
Reserve elCCID instruction 516 may identify theas®tary device and/or the primary
device, e.g., using one or more ICCIDs and/or CSNe Reserve elCCID instruction
516 may also identify the selected service plare Reserve elCCID instruction 516 may
also optionally include an indication that the elD@o be reserved should be associated
with an eSIM configured to support multi-SIM furaniality. In response to receiving the
Reserve elCCID instruction 516, the eSIM server meserve an elCCID for the
secondary device, wherein the reserved elCCIDge@ated with an eSIM configured to
support the selected service plan. The eSIM senagrthen transmit to the client portal
server server a Reserve ACK 518, acknowledgingahatICCID has been reserved for
the secondary device. The Reserve ACK 518 mayifgiehe reserved elCCID.
[00114]The client portal server may transmit to the eSibtver a Bind elCCID
instruction 520. The Bind elCCID instruction 520 yniaentify the secondary device
and/or the reserved elCCID. The client portal semway transmit the Bind elCCID
instruction 520 at least partially in response égeiving the Reserve ACK 518. In
response to receiving the Bind elCCID instructid?05the eSIM server may bind the
reserved elCCID to the secondary device, e.g.jrmjig the elCCID to the CSN or other
identifier of the secondary device. The eSIM magntitransmit to the client portal server
a Bind ACK 522, acknowledging that the elCCID haeio bound. The Bind ACK 522
may identify the bound elCCID. The Bind ACK 522 maglude a URL from which the
eSIM associated with the bound elCCID may be doactéal.

[00115]The client portal server may transmit to the priyndevice a Reserve and Bind
ACK 524, acknowledging that the elCCID has beenndoud he Reserve and Bind ACK
524 may identify the bound elCCID. The client pbrtey transmit the Reserve and Bind
ACK 524 at least partially in response to receiving Bind ACK 522. The Reserve and
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Bind ACK 524 may include a URL from which the eSKdsociated with the bound
elCCID may be downloaded.

[00116]The primary device may transmit to the access sameAdd Plan instruction
526 to activate a service plan for the secondamjycde For example, the Add Plan
instruction 526 may include instruction to add evee plan for the secondary device to
an existing account associated with the primaryiacgevihe Add Plan instruction 526
may identify the service plan selected, e.g., e $12. Additionally, or alternatively, the
Add Plan instruction 526 may include an indicationnitiate multi-SIM functionality for
the primary device and the secondary device. Thd Rkn instruction 526 may also
identify the secondary device and/or the primanyiak e.g., using one or more ICCIDs
and/or CSNs, and may also identify the bound elCAIBe Add Plan instruction 526
may be transmitted at least partially in respowseeteiving the Reserve and Bind ACK
524.

[00117]The access server may transmit to the HSS/TASIpiklystem an Activate Plan
instruction 528 to activate a service plan for #ezondary device. For example, the
Activate Plan instruction 528 may include instrantito add a service plan for the
secondary device to an existing account assocwitbcthe primary device. The Activate
Plan instruction 528 may identify the selected werplan. Additionally, or alternatively,
the Activate Plan instruction 528 may include anlication to initiate multi-SIM
functionality for the primary device and the secamyddevice. The Activate Plan
instruction 528 may also identify the secondaryicewand/or the primary device, e.g.,
using one or more ICCIDs and/or CSNs, and may ialentify the bound elCCID. The
access server may transmit the Activate Plan iostnu 528 at least partially in response
to receiving the Add Plan instruction 526.

[00118]In response to receiving the Activate Plan instamc628, the HSS/TAS/billing
system may activate the selected service plarhfoisecondary device. For example, the
HSS/TAS/billing system may add the selected senptan to an existing account
associated with the primary device. Additionally, alternatively, the HSS/TAS/billing

system may initiate multi-SIM functionality for thgrimary device and the secondary
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device. For example, the HSS/TAS/billing system mmeap the IMSI (or other identifier)
of each of the primary device and the secondaryicdeto the same MDN. The
HSS/TAS/billing system may then transmit to theesmscserver an Activate ACK 530,
acknowledging that the selected service plan has laetivated and/or that multi-SIM
functionality has been initiated. The Activate AGR0O may include a URL from which
the eSIM associated with the bound elCCID may hendimaded.

[00119]The access server may transmit to the primary deaic Add Plan ACK 532,
acknowledging that the service plan has been detiveor the secondary device and/or
that multi-SIM functionality has been initiated. &laccess server may transmit the Add
Plan ACK 532 at least partially in response to ireng the Activate ACK 530. The Add
Plan ACK 532 may identify the secondary device antiie primary device, e.g., using
one or more ICCIDs (e.g., the reserved elCCID) an@SNs. The Add Plan ACK 532
may also include a URL from which the eSIM ass@dawith the bound elCCID may be
downloaded. Alternatively, the URL may be providadanother point, such as in the
response 508, or the URL may be pre-defined inftavace configuration of the primary
device.

[00120]Communications 534, 536, 538, and 540 may be sindlaommunications 430,
432, 434, and 436, respectively, of Figure 4, ahd description of each of
communications 430, 432, 434, and 436 may be appimutatis mutandis, to
communications 534, 536, 538, and 540.

[00121]As with Figure 4, the method of Figure 5 may bepaeid to allow the secondary
device to initiate its own provisioning with an &5l

[00122]It should be understood that Figure 5, and thequlieg description thereof, are
merely exemplary, and various steps or communicatinay be omitted or reordered. For
example, in some scenarios, some or all of commatioies 502-510 may be omitted, for
example, where only one service plan is availabidife secondary device. In some such
scenarios, a user instruction received at 512 miéipte transmission of the Reserve and
Bind elCCID instruction 514 with regard to the oaeailable service plan, without

transmission of communications 502-510.
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[00123]As another example, multi-SIM functionality may batiated for the primary
device and the secondary device, where the secpndevice has already been
provisioned with a multi-SIM-capable SIM. In someck scenarios, communications
502-510, 514-524, and 534-540 may be omitted. Kamgle, a user input at 512 may
cause the primary device to transmit the Add Phstruction 526, leading to the Activate
Plan instruction 528. As noted above, the Add Riatruction 526 and the Activate Plan
instruction 528 may include an indication to iniiamulti-SIM functionality. In this
example, the Add Plan instruction 526 and the AatévPlan instruction 528 may not
include any instruction to add a new service plarresponse to receiving the Activate
Plan instruction 528, the HSS/TAS/billing systemymaitiate multi-sim functionality,
e.g., by mapping an IMSI (or other identifier) aicd of the primary device and the
secondary device to the same MDN.

[00124]lt should be understood that, while Figure 5 illatts the primary device as a
smart phone and the secondary device as a smachwdiese illustrations are not
intended to be limiting. The primary device and $keeondary device are intended to have

their full breadth of scope as defined herein.

Figure 6 — Provisioning an eSIM or Initiating Mu8iM using an SMS Server

[00125]Figure 6 illustrates communications 602-644, semt connection with a
communications system including a primary devicggeondary device, an SMS server, a
telephony application server (TAS)/billing systeanclient portal server, and an eSIM
server. Each of the communications 602-644 mayudelone or more messages
transmitted between the illustrated elements ofctitramunications system. The primary
device, the secondary device, the HSS/TAS/billipgtesm, the client portal server, and
the eSIM server may be as described with regarfligare 5. The SMS server may
include one or more server devices configured tarobaccess to the HSS/TAS/billing
system. Specifically, the SMS server may includenéernet protocol (IP) short message

gateway (IP-SM-GW), and may be configured to ree@ind process SMS messages. The
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SMS server may be hosted by the carrier, such @dlaar service provider, or by an
agent of the catrrier.

[00126]By providing and hosting the client portal served dhe eSIM server, the third-
party entity may provide for provision of eSIMs oglele on the carrier network, while
decreasing the changes to be made by the carrighetgqreviously existing carrier
network. Utilizing an SMS server, such as an IP-SM rather than a more specialized
access server, may further reduce the changes toabe, and the resulting overhead
incurred, by the carrier.

[00127]Communications 602-612 may be similar to commuioocat402-412 of Figure
4, and the description of each of communication2-402 may be appliednutatis
mutandis, to communications 602-612.

[00128]The primary device may transmit to the client plosrver a Reserve instruction
614. The Reserve instruction 614 may identify teleced service plan. The Reserve
instruction 614 may also identify the secondaryic®wand/or the primary device, e.g.,
using one or more ICCIDs and/or CSNs. The Resesteuction 614 may be transmitted
at least partially in response to receiving the ugaut at 612.

[00129]In response to receiving the Reserve instructich @ie client portal server may
transmit to the eSIM server a Reserve elCCID imsimn 616. The Reserve elCCID
instruction 616 may identify the secondary devind/ar the primary device, e.g., using
one or more ICCIDs and/or CSNs. The Reserve eldadbuction 616 may also identify
the selected service plan. The Reserve elCCID ucstn 614 may also optionally
include an indication that the elCCID to be resdrshould be associated with an eSIM
configured to support multi-SIM functionality. Iresponse to receiving the Reserve
elCCID instruction 616, the eSIM server may reseave elCCID for the secondary
device, wherein the reserved elCCID is associatiid an eSIM configured to support
the selected service plan. The eSIM server may titzersmit to the client portal server
server a Reserve ACK 618, acknowledging that arCH)Chas been reserved for the

secondary device. The Reserve ACK 618 may idetitdyreserved elCCID.
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[00130]The client portal server may transmit to the priyndevice a Reserve ACK 620,
acknowledging that the elCCID has been bound. TémeRe ACK 620 may identify the
bound elCCID. The client portal may transmit thes&ee ACK 620 at least partially in
response to receiving the Reserve ACK 618.

[00131]The primary device may transmit to the SMS serverAdd Plan SMS 622,
including an indication to activate a service planthe secondary device. For example,
the Add Plan SMS 622 may include an indicationdd a service plan for the secondary
device to an existing account associated with tiregry device. The Add Plan SMS 622
may identify the selected service plan. Additiopadir alternatively, the Add Plan SMS
622 may include an indication to initiate multi-SiMnctionality for the primary device
and the secondary device. The Add Plan SMS 622aisayidentify the secondary device
and/or the primary device, e.g., using one or nid@Ds and/or CSNs, and may further
include the reserved elCCID. The Add Plan SMS 62% tve a mobile originated (MO)
background (e.g., Class 0) SMS. The Add Plan SM3 82y be transmitted at least
partially in response to receiving the Reserve A&2K.

[00132]The SMS server may transmit to the HSS/TAS/billgygtem an Activate Plan
instruction 624 to activate a service plan for #sEondary device. For example, the
Activate Plan instruction 624 may include instrantito add a service plan for the
secondary device to an existing account assocwitbcthe primary device. The Activate
Plan instruction 624 may identify the selected erplan. Additionally, or alternatively,
the Activate Plan instruction 528 may include anlication to initiate multi-SIM
functionality for the primary device and the secamyddevice. The Activate Plan
instruction 624 may also identify the secondaryice\and/or the primary device, e.g.,
using one or more ICCIDs and/or CSNs, and may ialsntify the bound elCCID. The
SMS server may transmit the Activate Plan instarc824 at least partially in response to
receiving the Add Plan SMS 622.

[00133]In response to receiving the Activate Plan instamc624, the HSS/TAS/billing
system may activate the selected service plarhisécondary device. For example, the

HSS/TAS/billing system may add the selected senptan to an existing account
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associated with the primary device. Additionally, alternatively, the HSS/TAS/billing
system may initiate multi-SIM functionality for tharimary device and the secondary
device. For example, the HSS/TAS/billing system mmeap the IMSI (or other identifier)
of each of the primary device and the secondaryicdeto the same MDN. The
HSS/TAS/billing system may then transmit to theemsscserver an Activate ACK 626,
acknowledging that the selected service plan has laetivated and/or that multi-SIM
functionality has been initiated. The Activate AGR6 may include a URL from which
the eSIM associated with the bound elCCID may hendimaded.

[00134]The SMS server may transmit to the primary deviédam Activated SMS 628,
acknowledging that the service plan has been detiveor the secondary device and/or
that multi-SIM functionality has been initiated. &I8MS server may transmit the Plan
Activated SMS 628 at least partially in responseet®iving the Activate ACK 626. The
Plan Activated SMS 628 may identify the secondayick and/or the primary device,
e.g., using one or more ICCIDs (e.g., the resemi{CID) and/or CSNs. The Plan
Activated SMS 628 may also include a URL from whible eSIM associated with the
bound elCCID may be downloaded. Alternatively, L may be provided at another
point, such as in the response 608, or the URL lmegyre-defined in the primary device’s
software configuration. The Plan Activated SMS 628y be a mobile terminated (MT)
background (e.g., Class 0) SMS.

[00135]The primary device may transmit to the client pos@rver a Bind instruction
630. The Bind instruction 630 may identify the pamy device, the secondary device
and/or the reserved elCCID. The primary device taysmit the Bind instruction 630 at
least partially in response to receiving the Plativated SMS 628.

[00136]The client portal server may transmit to the eSibtver a Bind elCCID
instruction 632. The Bind elCCID instruction 632 yniaentify the secondary device
and/or the reserved elCCID. The client portal semway transmit the Bind elCCID
instruction 632 at least partially in response doeiving the Bind instruction 630. In
response to receiving the Bind elCCID instructi@® 6the eSIM server may bind the

reserved elCCID to the secondary device, e.g.jrmwjig the elCCID to the CSN or other
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identifier of the secondary device. The eSIM magnttransmit to the client portal server
a Bind ACK 634, acknowledging that the elICCID haeib bound. The Bind ACK 634
may identify the bound elCCID. The Bind ACK 634 naygo include a URL from which
the eSIM associated with the bound elCCID may hendmaded.

[00137]The client portal server may transmit to the priyndevice a Bind ACK 636,
acknowledging that the elCCID has been bound. Timel BRCK 636 may identify the
bound elCCID. The Bind ACK 636 may also include RLIfrom which the eSIM
associated with the bound elCCID may be downloadée. client portal may transmit
the Bind ACK 636 at least partially in responsedceiving the Bind ACK 634.
[00138]Communications 638, 640, 642, and 644 may be sindlaommunications 430,
432, 434, and 436, respectively, of Figure 4, ahdé description of each of
communications 430, 432, 434, and 436 may be appimutatis mutandis, to
communications 638, 640, 642, and 644.

[00139]It may be noted that Figure 5 and Figure 6 illustrsimilar network structure,
but differing service flows. Specifically, Figureillustrates an embodiment in which the
elCCID is both reserved and bound prior to an AatBvPlan instruction being sent
through the carrier to the HSS/TAS/billing systeBy. contrast, Figure 6 illustrates an
embodiment in which an Activate Plan instructionsent through the carrier to the
HSS/TAS/billing system between the elCCID beingereed and the elCCID being
bound. It should be appreciated that either ofédhes service flows may be applied in
conjunction with an access server (as in Figurer 8n SMS server (as in Figure 6).
[00140]As with Figure 4, the method of Figure 6 may bepaeid to allow the secondary
device to initiate its own provisioning with an &6l

[00141]It should be understood that Figure 6, and theqalieg description thereof, are
merely exemplary, and various steps or communicatioay be omitted or reordered. For
example, in some scenarios, some or all of commatioits 602-610 may be omitted, for
example, where only one service plan is availabidtfe secondary device. In some such

scenarios, a user instruction received at 612 maiate transmission of the Reserve
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instruction 614 with regard to the one availablevise plan, without transmission of
communications 602-610.

[00142]As another example, multi-SIM functionality may hbatiated for the primary
device and the secondary device, where the secpndevice has already been
provisioned with a multi-SIM-capable SIM. In someck scenarios, communications
502-510, 614-620, 630-636, and 638-644 may be ediftor example, a user input at
612 may cause the primary device to transmit thd Rthn SMS 622, leading to the
Activate Plan instruction 624. As noted above, Algel Plan SMS 622 and the Activate
Plan instruction 624 may include an indicationrtiiate multi-SIM functionality. In this
example, the Add Plan SMS 622 and the Activate Rlatruction 624 may not include
any instruction to add a new service plan. In raspoto receiving the Activate Plan
instruction 624, the HSS/TAS/billing system maytiate multi-sim functionality, e.g., by
mapping an IMSI (or other identifier) of each oktprimary device and the secondary
device to the same MDN.

[00143]It should be understood that, while Figure 6 illatts the primary device as a
smart phone and the secondary device as a smachwditese illustrations are not
intended to be limiting. The primary device and sleeondary device are intended to have

their full breadth of scope as defined herein.

Figure 7 — Provisioning an eSIM or Initiating MuiM using an Enhanced Client Portal

Server

[00144]Figure 7 illustrates communications 702-748, semt connection with a
communications system including a primary devicegeondary device, an access server,
a telephony application server (TAS)/billing systeanclient portal server, and an eSIM
server. Each of the communications 702-748 mayudelone or more messages
transmitted between the illustrated elements ofciramunications system. Each of the
illustrated elements may be defined, and may opgmatbstantially as discussed with
regard to Figure 5. However, in the example of Fegr, the client portal server may be

further configured to perform additional functioms activating a service plan for the
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secondary device and initiating multi-SIM functidita By configuring the client portal
server to perform these additional functions, thkangple of Figure 7 may reduce the
processing and communication burden on the prirdawce, relative to the example of
Figure 5.

[00145]At 702, the primary device may receive an inputrfrthe user, indicating a
request to initiate cellular functionality for tlsecondary device. For example, the input
of 702 may request activating a cellular servicanplfor the secondary device,
provisioning of an eSIM to the secondary deviced/an initiating multi-SIM
functionality between the primary device and theoselary device. The input of 702 may
also indicate a carrier network for which the eS$kbuld be operable. It should be
understood that communication 702, or an equivalentmunication, may be included at
the start of any of the preceding examples of Eguw-6, although not shown in those
figures.

[00146]The primary device may, e.g., in response to tlee mput of 702, transmit to the
access server a query 704 for information regardingh, if any, secondary devices are
currently (or in some scenarios have previouslynpeeonfigured for multi-SIM
functionality with the primary device (or a partiauSIM of the primary device) and/or
are currently sharing a service plan with the prindevice (or a particular SIM of the
primary device). The query 704 may include an idientof the primary device and/or of
a SIM of the primary device, such as an ICCID o6IM

[00147]In response to receiving the query 704, the acsepger may transmit to the
HSS/TAS/billing system a query 706, which may relaythe HSS/TAS/billing system
the request for information regarding secondaryiadsv associated with the primary
device according to the query 704.

[00148]In response to receiving the query 706, the HSS/BBg system may identify
the requested information, and provide to the aceesver a response 708. For example,
the response 708 may include a list of zero or nsemmndary devices that are currently
configured for multi-SIM functionality with the priary device and/or are currently

sharing a service plan with the primary devicesdme scenarios, the response 708 may
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identify a secondary device included in the listab€SN of the second device, and/or by
an ICCID of a SIM (e.g., an elCCID of an eSIM) asated with the CSN. In some
scenarios, the list of zero or more secondary @svinay include only secondary devices
that are currently configured for multi-SIM funat@lity with the primary device and/or
are currently sharing a service plan with the primdevice on the carrier network
specified in communication 702.

[00149]In response to receiving the response 708, thesa@aver may transmit to the
primary device a response 710, which may relayneogrimary device the information
regarding the secondary devices associated withptimeary device according to the
qguery 704, e.qg,, including the list of zero or mseeondary devices.

[00150]In response to receiving the response 710, theapyirdevice may determine
whether the response 710 indicates that the seppul@aice is already configured for
multi-SIM functionality with the primary device afmt currently sharing a service plan
with the primary device. For example, the primagyide may determine whether a CSN
and/or associated ICCID, or other identifier, af #econdary device is included in the list
of zero or more secondary devices.

[00151]If the primary device determines that the respoir$® indicates that the
secondary device is already configured for mulSunctionality with the primary
device and/or currently sharing a service plan vhih primary device, then the primary
device may terminate the procedure, and may, iresssanarios, inform the user.
[00152]If the primary device instead determines that #sponse 710 indicates that the
secondary device is not already configured for r&il¥ functionality with the primary
device and/or currently sharing a service plan whih primary device, then the primary
device may transmit to the access server an ioitiatequest 712 to initiate cellular
signup for the secondary device.

[00153]It should be understood that communications 704-7b® equivalent
communications, may be included at the start ofadrtiie preceding examples of Figures
4-6, although not shown in those figures. Spedlficatep 402, 502, or 602 may, in some

scenarios, be performed response to the primangeleetermining that the response 710
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indicates that the secondary device is not alreadyigured for multi-SIM functionality
with the primary device and/or currently sharingeavice plan with the primary device,
following the communications 702-710.

[00154] The initiation request 712 may include a requesictivate a cellular service plan
for the secondary device and/or a request to faiigprocedure for provisioning an eSIM
to the secondary device and/or a procedure faaimg multi-SIM functionality between
the primary device and the secondary device.

[00155]In response to receiving the initiation request, T2 access server may transmit
to the primary device a signup information messélge The signup information message
714 may include information for proceeding with tiequested cellular signup procedure.
For example, the signup information message 714inthyde a URL or other address of
the client portal server. The signup informationssege 714 may further include session
data regarding the existing communication sessgtwéen the primary device and the
cellular network, e.g., via the access server.

[00156]Further in response to receiving the initiationuest 712, the access server may,
at 716, provide to the client portal server sessoata regarding the existing
communication session between the primary devidettam cellular network. The session
data communicated to the client portal server & may be the same as that included in
the signup information message 714, or may incldiféerent/additional session
information. In some scenarios, a shared memoryghown) may be accessible to both
the access server and the client portal servesu¢h scenarios, communication 716 may
include the access server storing the sessiontdatae shared memory, and the client
portal server retrieving the session data fromsttered memory. In some scenarios, the
client portal server may retrieve the session ftata the shared memory at some later
time, such as in response to a communication flerptimary device, e.g., in which the
primary device requests to continue the commumnasiession with the client portal
server. The communication 716 may include additig@esing of session data or other

information between the access server and thet @eal server at other times.
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[00157]In response to receiving the signup informationsags 714, the primary device
may transmit to the client portal server a porégjuest 718. The portal request 718 may
include information regarding the request to imdiacellular functionality for the
secondary device indicated at 702. The portal =tgiE8 may further include the session
information included in the signup information mags 714. In some scenarios, the
session information included in the portal requéks® may identify the communication
session between the primary device and the celhdawork, which may allow the client
portal server to retrieve additional session infation regarding the communication
session from the access server (e.g., via thecinaeenory).

[00158]In response to receiving the portal request 718, dirent portal server may
transmit to the primary device portal content 7PBe portal content may include code,
such as HTML code or other markup language coderissenting information regarding
the cellular signup process.

[00159]In response to receiving the portal content 728,phmary device may, at 722,
display the portal content to the user, e.g.,Wweh browser. The primary device may then
receive user input 724, and pass on the user agpabnsent message 726.

[00160]The portal content displayed at 722 may be sinolaidentical in form and
content to that described at 410, in connectiom Wigure 4. For example, the primary
device may display a graphical user interface uiclg a list of service plans available for
the secondary device and/or other information, aglontractual terms and conditions.
Similarly, the user input received at 724 may lmeilsr or identical in form and content
to that described at 412. For example, the usertiip4 may select one of the available
service plans, accept terms and conditions, etditibdally, communications 722 and
724 may be iterative, in the same manner as convations 710 and 712.
[00161]However, in contrast to the example of Figure 4thm example of Figure 7 the
primary device may act merely as a thin client novling this two-way interface
between the client portal server and the user.example, whereas in the example of
Figure 4, the primary device may generate a uderfate based on raw information

received from the access server, in the examplgfre 7 the client portal server may
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generate such a user interface, and communicat aeithing the user interface as the
portal content 720. The primary device may therdeerfe.g., in a web browser) the user
interface defined by the code included in the partentent 720. Similarly, the primary
device may pass raw user input 724 to the clientapserver as consent message 726.
Thus, the primary device has no need to receivprocess knowledge regarding the
information presented in the user interface, swckn@wledge regarding service plans.
[00162]Additionally, in this way the primary device may lsgely removed from the
process of activating a service plan, provisiorangeSIM to the secondary device, and/or
initiating multi-SIM functionality between the pramy device and the secondary device.
Many of the functional steps of performing suchracess may instead be carried out by
the client portal server, as follows.

[00163]In some scenarios, in response to receiving theatdmmessage 726, the client
portal server may reserve and bind an elCCID ofe&iM for the secondary device.
Specifically, the client portal server may transtoitthe eSIM server Reserve elCCID
instruction 728, which may be similar or identitathe Reserve elCCID instruction 516,
as disclosed with regard to Figure 5. In respotis®,eSIM server may transmit to the
client portal server a Reserve ACK 730, which meaysimilar or identical to the Reserve
ACK 518. The client portal server may then transmithe eSIM server a Bind elCCID
instruction 732, which may be similar or identitalthe Bind elCCID instruction 520,
and in response the eSIM server may transmit teltbet portal server a Bind ACK 734,
which may be similar or identical to the Bind ACR%

[00164]In other scenarios, the consent message 726 atihd/@ession information 716
may indicate that the secondary device has alrbadyn provisioned with an eSIM. In
such scenarios, steps 728-734 may be omitted.

[00165]0Once an elCCID has been bound for the secondatgealefe.g., in response to
the Bind ACK 734), the client portal server maynsmit to the HSS/TAS/billing system
an Add Plan instruction 736 to activate a serviles for the secondary device and/or to
initiate multi-SIM functionality between the primyadevice and the secondary device.
The Add Plan instruction 736 may be similar or titzai to the Add Plan instruction 526,
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except that the Add Plan instruction 736 may beg@ady the client portal server to the
HSS/TAS/billing system, rather than being passedhay primary device, through the
access server, to the HSS/TAS/billing system, dlseérexample of Figure 5.

[00166]In response to receiving the Add Plan instructi@®,7the HSS/TAS/billing
system may activate the selected service plarhisécondary device. For example, the
HSS/TAS/billing system may add the selected senptan to an existing account
associated with the primary device. Additionally, alternatively, the HSS/TAS/billing
system may initiate multi-SIM functionality betweethe primary device and the
secondary device. For example, the HSS/TAS/biliystem may map the IMSI (or other
identifier) of each of the primary device and teeandary device to the same MDN. The
HSS/TAS/billing system may then transmit to theemscserver an Activate ACK 738,
acknowledging that the selected service plan has laetivated and/or that multi-SIM
functionality has been initiated. The Activate AC88 may include a URL or other
address from which the eSIM associated with theatl@ICCID may be downloaded.
[00167]The client portal server may, e.g, in responseteiving the Activate ACK 738,
transmit to the primary device a Signup Completd®@K 740. The Signup Completion
ACK 740 may acknowledge that the service plan lsenlactivated for the secondary
device and/or that multi-SIM functionality has beaitiated. The Signup Completion
ACK 740 may further include an indication of theubd elCCID and/or the URL or other
address from which the eSIM associated with theatl@lCCID may be downloaded.
[00168]Communications 742, 744, and 746 may be similaotamunications 430, 432,
and 434, respectively, of Figure 4, and the desoripof each of communications 430,
432, and 434 may be appliedytatis mutandis, to communications 742, 744, and 746.
[00169]As with Figure 4, the example of Figure 7 may bapaed to allow the secondary
device to initiate its own provisioning with an &5l

[00170] It should be understood that Figure 7, and thegatieg description thereof, are
merely exemplary, and various steps or communisatinay be omitted or reordered.
[00171]It should be understood that, while Figure 7 illatts the primary device as a

smart phone and the secondary device as a smachwdiese illustrations are not
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intended to be limiting. The primary device and sleeondary device are intended to have

their full breadth of scope as defined herein.

Figure 8 — Provisioning an eSIM or Initiating Mu8IM using a modified eSIM Server

[00172]Figure 8 illustrates communications 802-842, semt connection with a
communications system including a primary devicegeondary device, an access server,
a telephony application server (TAS)/billing systeanclient portal server, and an eSIM
server. Each of the communications 802-842 mayudelone or more messages
transmitted between the illustrated elements ofciramunications system. Each of the
illustrated elements may be defined, and may opematbstantially as discussed with
regard to Figure 7. However, in the example of Feg8, the eSIM server may be further
configured to perform auto-assignment of an elC@ilthe secondary device.
[00173]Communications 802-810 may be similar to commuiooat 702-710 of Figure
7, and the description of each of communication8-700 may be appliednutatis
mutandis, to communications 802-810.

[00174]In response to receiving the response 810, theapyistevice may transmit to the
secondary device an eSIM Download instruction 8t eSIM Download instruction
812 may instruct the secondary device to obtaie@ivl from the eSIM server. The eSIM
Download instruction 812 may include an indicatadrthe carrier network for which the
eSIM should be operable, which may have been peovtd the primary device, e.g., at
802. Because the secondary device has not yet pemmsioned with an eSIM for
communication on the carrier network, the primagvide may, in some scenarios,
transmit the eSIM Download instruction 812 via aa®lary communication channel,
such as a WLAN network or a short-range commurocattonnection, such as a
Bluetooth connection.

[00175]In response to receiving the eSIM Download instact812, the secondary
device may transmit to the eSIM server an Init&evnload instruction 814, which may
include an identifier of the secondary device,,délge CSN of the secondary device. The

Initiate Download instruction 814 may further ingkuan identifier of the primary device
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and/or a SIM of the primary device, and/or may afstude an indication of the carrier
network for which the eSIM to be provisioned ftvetsecondary device should be
operable. The Initiate Download instruction 814 riayher include a list of eSIMs (e.qg.,
a list of elCCIDs or other identifiers associatethwhe eSIMs) that the secondary device
currently has installed.

[00176]In response to receiving the Initiate Downloadnnstion 814, the eSIM server
may determine whether an eSIM has been bound tedbendary device (e.g., whether
an elCCID has been bound to a CSN or other identifi the secondary device), but has
not yet been installed in the secondary device,(sgot included in the list of installed
eSIMs included in the Initiate Download instructiBf4). In some scenarios, the eSIM
server may determine more specifically whether &iMe has been bound to the
secondary device, but not installed, for use indéwier network specified in the Initiate
Download instruction 814.

[00177]If the eSIM server determines that an uninstall8tMehas been bound to the
secondary device (e.g., for use in the specifiedesanetwork), then the eSIM server may
transmit to the secondary device an eSIM Paylod&] Bitluding the eSIM bound to the
secondary device. An eSIM might have been boundgxXample, through the procedures
shown in any of Figures 4-7.

[00178]If the eSIM server determines that no uninstall&éve has been bound to the
secondary device (e.g., for use in the specifiedesanetwork), then the eSIM server may
determine whether the specified carrier networkpsus auto-assignment of an elCCID.
If the eSIM server determines that the specifieti@anetwork supports auto-assignment
of an elCCID, then the eSIM server may, at 8160-asisign an elCCID to the secondary
device for use in the specified carrier networkthaut receiving an explicit reserve
request or bind request. Once the elCCID has betnrassigned to the secondary device,
the eSIM server may transmit to the secondary éethie eSIM Payload 818, including
the eSIM associated with the auto-assigned elCCID.

[00179]In response to receiving the eSIM Payload 818,sdmondary device may, at
820, store the eSIM received in the eSIM Payloa8 i®lan eUICC. At this stage, the
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secondary device has been successfully provisiomg the eSIM. However, the
secondary device may not yet use the provision®ti {8t communication on the carrier
network, because the eSIM may not yet be associaithdan active service plan. The
secondary device may also identify the eSIM topthmary device.

[00180]0Once the eSIM has been provisioned to the secorgaige, the primary device
may transmit to the access server an initiatiomestj822 to initiate cellular signup for
the secondary device. The initiation request 82% im@ similar or identical to the
initiation request 712 of the example of FigureeXcept that the initiation request 822
may include an identifier of the provisioned eSlklg, the elCCID), to inform the
cellular network of the eSIM provisioned to the@stary device.
[00181]Communications 824-836 may be similar to commurooat 714-726 of Figure
7, and the description of each of communicationd-726 may be appliednutatis
mutandis, to communications 824-836.

[00182]In response to receiving the portal request 826, dient portal server may
transmit to the HSS/TAS/billing system an Add Pilastruction 838 to activate a service
plan for the secondary device and/or to initiatelth®IM functionality between the
primary device and the secondary device. The Ada Ristruction 838 may be similar or
identical to the Add Plan instruction 736.

[00183]In response to receiving the Add Plan instructi@8,8the HSS/TAS/billing
system may activate the selected service plarh®sécondary device. For example, the
HSS/TAS/billing system may add the selected senptan to an existing account
associated with the primary device. Additionally, alternatively, the HSS/TAS/billing
system may initiate multi-SIM functionality betweethe primary device and the
secondary device. For example, the HSS/TAS/biliystem may map the IMSI (or other
identifier) of each of the primary device and teeandary device to the same MDN. The
HSS/TAS/billing system may then transmit to theemscserver an Activate ACK 840,
acknowledging that the selected service plan has laetivated and/or that multi-SIM

functionality has been initiated.

46



[00184]The client portal server may, e.g, in responseteiving the Activate ACK 840,
transmit to the primary device a Signup Completd®@K 842. The Signup Completion
ACK 842 may acknowledge that the service plan lsenlactivated for the secondary
device and/or that multi-SIM functionality has beettiated.

[00185]At this point, the eSIM provisioned to the seconyddevice has been associated
with an active service plan, and may be used fommanication on the carrier network.
The primary device notify the secondary devicehefsuccessful plan activation.
[00186]As with Figure 4, the example of Figure 8 may baped to allow the secondary
device to initiate its own provisioning with an &5l

[00187] It should be understood that Figure 8, and thegatieg description thereof, are
merely exemplary, and various steps or communieatinay be omitted or reordered.
[00188]It should be understood that, while Figure 8 illatts the primary device as a
smart phone and the secondary device as a smachwdiese illustrations are not
intended to be limiting. The primary device and $leeondary device are intended to have

their full breadth of scope as defined herein.

[00189] Embodiments of the present disclosure may be eshliz any of various
forms. For example some embodiments may be relabgea computer-implemented
method, a computer-readable memory medium, or apuaten system. Other
embodiments may be realized using one or more udesigned hardware devices such
as ASICs. Still other embodiments may be realigsithg one or more programmable
hardware elements such as FPGAs.

[00190] In some embodiments, a non-transitory computeraigi@ad memory
medium may be configured so that it stores progirstructions and/or data, where the
program instructions, if executed by a computetesys cause the computer system to
perform a method, e.g., any of a method embodimeletscribed herein, or, any
combination of the method embodiments describedieor, any subset of any of the

method embodiments described herein, or, any catibmof such subsets.
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[00191] In some embodiments, a device (e.g., a UE 106¢cansiary device 107,
or any one or more of the servers or systems riltesi in any of the figures) may be
configured to include a processor (or a set of ggeors) and a memory medium, where
the memory medium stores program instructions, ke processor is configured to
read and execute the program instructions fromrtamory medium, where the program
instructions are executable to implement a metleod,, any of the various method
embodiments described herein (or, any combinatibnthe method embodiments
described herein, or, any subset of any of the ateimbodiments described herein, or,
any combination of such subsets). The device magdlezed in any of various forms.
[00192] Although the embodiments above have been desciibembnsiderable
detail, numerous variations and modifications Wwdctome apparent to those skilled in the
art once the above disclosure is fully appreciatéds intended that the following claims

be interpreted to embrace all such variations aodifications.
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CLAIMS

What is claimed is:

1. A method for initiating multi-SIM functionalitpetween a first mobile device and a
second mobile device, the method comprising:
by the first mobile device:

providing, to a cellular communication network,idantifier of a Subscriber
Identity Module (SIM) of the first mobile device éan identifier of a SIM of the second
mobile device;

requesting initiation by the cellular communicatizetwork of multi-SIM
functionality for the SIM of the first mobile dex@nd the SIM of the second mobile
device;

receiving, from the cellular communication netwaahk indication that the multi-
SIM functionality has been initiated for the SIMfokt mobile device and the SIM of the

second mobile device.

2. The method of claim 1, wherein the requestirtgation by the cellular communication
network of multi-SIM functionality for the SIM ofrkt mobile device and the SIM of the
second mobile device comprises requesting thablileof second mobile device be
mapped to a Mobile Directory Number (MDN) to whitie SIM of the first mobile

device is also mapped.

3. The method of claim 1, further comprising:

receiving, by the first mobile device, an indioatiof a received telephone
communication request, after the receiving thegatibn that the multi-SIM functionality
has been initiated, wherein the second mobile éeslso receives the indication of the

received telephone communication request.
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4. The method of claim 1, wherein at least ondnef3IM of first mobile device and the
SIM of the second mobile device is an embedded @BIM).

5. The method of claim 1, wherein the identifietlod SIM of the second mobile device
is an embedded Integrated Circuit Card Identi@@€CID) associated with an embedded
SIM (eSIM) of the second mobile device.

6. The method of claim 5, further comprising:
requesting, by the first mobile device, that tebutar communication network
bind the elCCID associated with the eSIM of theoselcmobile device to a Card Serial

Number (CSN) of the second mobile device.

7. The method of claim 6, further comprising:
receiving, by the first mobile device, a confirmatthat the elCCID associated
with the eSIM of the second mobile device is botmthe CSN of the second mobile

device.

8. A primary mobile device comprising:
a Universal Integrated Circuit Card (UICC) storm&ubscriber Identity Module
(SIM) having an identifier identifying the SIM,;
at least one processor; and
a memory storing software instructions executalgléne at least one processor to
cause the mobile device to:
provide, to a cellular communication network, ithentifier of the SIM
and a second identifier of a SIM of a secondaryifealevice;
request initiation by the cellular communicatiegtwork of multi-SIM
functionality for the SIM of the primary mobile dee and the SIM of the secondary

mobile device;
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receive, from the cellular communication netwark,indication that the
multi-SIM functionality has been initiated for t&#M of first mobile device and the SIM

of the second mobile device.

9. The primary mobile device of claim 8, whereia tequesting initiation by the cellular
communication network of multi-SIM functionality ogrises requesting that the SIM of
secondary mobile device be mapped to a Mobile BirgdNumber (MDN) to which the

SIM of the first mobile device is also mapped.

10. The primary mobile device of claim 8, wherdia software instructions are further
executable by the at least one processor to chagaimary mobile device to:

receive an indication of a received telephone campation request, after
receiving the indication that the multi-SIM funatiity has been initiated, wherein the
secondary mobile device also receives the indicaifdhe received telephone

communication request.

11. The primary mobile device of claim 8, whereimeast one of the SIM of primary
mobile device and the SIM of the secondary mob#eak is an embedded SIM (eSIM).

12. The primary mobile device of claim 8, wherdie second identifier is an embedded
Integrated Circuit Card Identifier (eICCID) assdetwith an embedded SIM (eSIM) of

the secondary mobile device.

13. The primary mobile device of claim 12, wher#ia software instructions are further
executable by the at least one processor to chag@imary mobile device to:

request that the cellular communication networdtihe elCCID associated with
the eSIM of the secondary mobile device to a CambENumber (CSN) of the

secondary mobile device.
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14. The primary mobile device of claim 13, furtikemprising:
receive a confirmation that the elCCID associatét the eSIM of the secondary

mobile device is bound to the CSN of the secondwaile device.

15. A secondary cellular communication device casipg:
a Universal Integrated Circuit Card (UICC) configd to store an embedded
Subscriber Identity Module (eSIM);
at least one processor; and
a memory storing software instructions executalgléne at least one processor to
cause the secondary cellular communication dewice t
receive, from a cellular communication networKirst indication that an
eSIM has been bound to the identifier of the seapndellular communication device;
receive, from the cellular communication netwalsecond indication that
multi-SIM functionality has been initiated for tB&IM and a SIM of a primary cellular
communication device;
download the eSIM to the UICC; and
utilize the eSIM to conduct a cellular communimaton the cellular

communication network.

16. The secondary cellular communication devicelaim 15, wherein an International
Mobile Subscriber Identity (IMSI) of the eSIM and BMSI of the SIM of the primary

cellular communication device are mapped to a siMypbile Directory Number (MDN).

17. The secondary cellular communication devicel@im 15, wherein the first indication
and the second indication are received from thkileelcommunication network via the

primary cellular communication device.

18. The secondary cellular communication devicelaim 15, wherein the UICC is an
embedded UICC (eUICC).
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19. The secondary cellular communication devicela@m 15, wherein the software
instructions are further executable by the at leastprocessor to cause the secondary
cellular communication device to:

request provisioning of the eSIM by communicatvith an eSIM server via
cellular communications using a second eSIM storethe UICC, the second eSIM

having limited cellular communication capabilities.

20. The secondary cellular communication devicelafn 15, wherein the software
instructions are further executable by the at leastprocessor to cause the secondary
cellular communication device to:

request provisioning of the eSIM by communicativith an eSIM server via a

wireless local area network (WLAN).
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