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WIRELESS TELECOMMUNICATIONS METHODS
AND APPARATUS WITH AUTOMATIC BROADCAST
AFTER UPDATE OF SYSTEM INFORMATION

This application claims the priority and benefit of United States Provisional Patent
5  application 62/368,126, filed July 28, 2016, which is incorporated herein by reference in its

entirety.

TECHNICAL FIELD

[0001] The technology relates to wireless communications, and particularly to methods
and apparatus for requesting, transmitting, and using system information (SI) in wireless

10 communications.

BACKGROUND

[0002] In wireless communication systems, a radio access network generally comprises
one or more access nodes (such as a base station) which communicate on radio channels over a
radio or air interface with plural wireless terminals. In some technologies such a wireless

15  terminal is also called a User Equipment (UE). A group known as the 3rd Generation
Partnership Project (“3GPP”) has undertaken to define globally applicable technical
specifications and technical reports for present and future generation wireless communication
systems. The 3GPP Long Term Evolution (“LTE”) and 3GPP LTE Advanced (LTE-A) are
projects to improve an earlier Universal Mobile Telecommunications System (“UMTS”)

20  mobile phone or device standard in a manner to cope with future requirements.

[0003] In typical cellular mobile communication systems, the base station broadcasts on
the radio channels certain information which is required for mobile stations to access to the
network. In Long-Term Evolution (LTE) and LTE Advanced (LTE-A), such information is
called “system information” (“‘SI”’). Each access node, such as an evolved NodeB (“eNB"),

25  broadcasts such system information to its coverage area via several System Information Blocks

(SIBs) on downlink radio resources allocated to the access node.
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[0004] A wireless terminal (“UE”), after entering a coverage area of an eNB, is required
to obtain all the SIBs which are necessary to access to the system. For sake of UEs under
coverage, the eNB periodically broadcasts all SIBs relevant for offered services, not just SIBs
that are required for access to the system. Each type of SIBs is transmitted in a designated

5 radio resource(s) with its own pre-determined/configurable frequency.

[0005] This all-broadcast-based periodic delivery method (e.g., collective broadcast of all
SIBs, not just those necessary for system access) is efficient under a condition where many
UEs are almost always flowing into the coverage area (such as a macro cell). However, this
approach may result in wasting valuable radio resources in case of small cell deployment.

10 Therefore, more efficient methods of SIB transmission are desired.

[0006] What is needed, therefore, and an example object of the technology disclosed
herein, are methods, apparatus, and techniques for more efficient transmission of system

information blocks (SIBs).

SUMMARY

15  [0007] In one of its example aspects the technology disclosed herein concerns an access
node of a radio access network comprising processor circuitry and a transmitter. The processor
circuitry is configured, upon a change of content of system information, to include, in a
broadcast message comprising first system information which is broadcast from the access
node, an indication of when the access node is scheduled to broadcast second system

20  information which is not included in the first system information. The transmitter is
configured to transmit, over a radio interface, the broadcast message comprising the first
system information and thereafter the broadcast of the second system information according to

the indication.

[0008] In another of its example aspects the technology disclosed herein concerns a
25  method in an access node of a radio access network. In a basic mode the method comprises:

upon a change of content of system information, using processor circuitry to include, in a

broadcast message comprising first system information which is broadcast from the access

node, an indication of when the access node is scheduled to broadcast second system
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information which is not included in the first system information; and, transmitting, over a
radio interface, the broadcast message comprising the first system information and thereafter

the broadcast of the second system information according to the indication.

[0009] In yet another of its example aspects the technology disclosed herein concern a
5  wireless terminal which communicates over a radio interface with an access node of a radio
access network. The wireless terminal comprises a receiver and processor circuitry. The
receiver is configured to receive messages from the access node including a first broadcast
message and a second broadcast message. The processor circuitry is configured to: determine,
from the first broadcast message, scheduling information concerning the second broadcast
10  message; and obtain system information from the second broadcast message based on the

scheduling information.

[00010]  Instill another of its example aspects the technology disclosed herein concerns a
method in a wireless terminal which communicates over a radio interface with an access node
of a radio access network. In a basic mode the method comprises: receiving messages from
15  the access node including a first broadcast message and a second broadcast message; and,
using processor circuitry to: determine, from the first broadcast message, scheduling
information concerning the second broadcast message; obtain system information from the

second broadcast message based on the scheduling information

BRIEF DESCRIPTION OF THE DRAWINGS

20 [00011]  The foregoing and other objects, features, and advantages of the technology
disclosed herein will be apparent from the following more particular description of preferred
embodiments as illustrated in the accompanying drawings in which reference characters refer
to the same parts throughout the various views. The drawings are not necessarily to scale,
emphasis instead being placed upon illustrating the principles of the technology disclosed

25 herein.

[00012]  Fig. 1is a schematic view showing an example communications system
comprising a radio access node and a wireless terminal, and wherein the radio access node

provides a value tag for system information (SI).
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[00013]  Fig. 2 is a diagrammatic view of a node-available system information message

according to an example embodiment and mode.

[00014]  Fig. 3 is a flowchart showing example, representative, basic acts or steps

performed by the radio access node of Fig. 1.

5 [00015]  Fig. 4 is a flowchart showing example, representative, basic acts or steps

performed by the wireless terminal of Fig. 1

[00016]  Fig. 5is a schematic view showing an example communications system
comprising a radio access node and a wireless terminal, and wherein the radio access node
provides a value tag for system information (SI) along with differentiated delivery of system

10  information (SI).

[00017]  Fig. 6is a diagrammatic view showing example message flow for the example

communications system of Fig. 5.

[00018]  Fig. 7 is a diagrammatic view showing an example format of an Essential System

Information message according to an example implementation of the system of Fig. 5.

15 [00019]  Fig. 8is a schematic view showing an example communications system
comprising a radio access node and a wireless terminal, and wherein the radio access node
provides a value tag for system information (SI) along with definition of a base of second type

system information to which the value tag applies.

[00020]  Fig. 9is a diagrammatic view showing example message flow for the example

20  communications system of Fig. 8.

[00021]  Fig. 10 is a schematic view showing an example communications system
comprising a radio access node and a wireless terminal, and wherein the wireless terminal
provides a stored value tag for stored second type system information system information (SI)

when requesting second type system information from the radio access node.
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[00022]  Fig. 11 is a diagrammatic view showing example message flow for the example

communications system of Fig. 1-.

[00023]  Fig. 12 is a flowchart showing example, representative, basic acts or steps

performed by the radio access node of Fig. 10 in implementing certain acts of Fig. 11.

5 [00024]  Fig. 13 is a flowchart showing example, representative, basic acts or steps

performed by the wireless terminal of Fig. 10 in implementing certain acts of Fig. 11.

[00025]  Fig. 14 is a schematic view showing an example communications system
comprising a radio access node and a wireless terminal, and wherein the radio access node
provides a value tag which is associated with a group of plural system information blocks

10  (SIBs).

[00026]  Fig. 15 is a diagrammatic view showing an example format of an Essential
System Information message according to an example implementation of the system of Fig. 14,

wherein multiple siblds associated with one valueTag forms a non-essential SIB group.

[00027]  Fig. 16 is a diagrammatic view showing example message flow for the example

15  communications system of Fig. 14.

[00028]  Fig. 17 is a flowchart showing example, representative, basic acts or steps

performed by the radio access node of Fig. 14 in implementing certain acts of Fig. 16.

[00029]  Fig. 18 is a flowchart showing example, representative, basic acts or steps

performed by the wireless terminal of Fig. 14 in implementing certain acts of Fig. 16.

20 [00030] Fig. 19 is a diagrammatic view showing example message flow for another
example embodiment and mode which combines features of the embodiment and mode of Fig.

10 and the embodiment and mode of Fig. 14.
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[00031]  Fig. 20 is a diagrammatic views showing an example message flow for yet other

example embodiments and modes.

[00032]  Fig. 21 is a diagrammatic view showing an example format of an Essential

System Information message according to an example implementation of the system of Fig. 20.

5 [00033] Fig. 22 — Fig. 25 are diagrammatic views showing example message flows for

still yet other example embodiments and modes.

[00034]  Fig. 26 is a schematic view showing an example communications system
comprising a radio access node and a wireless terminal, and wherein the radio access node

provides an automatic broadcast-after-update for system information.

10 [00035] Fig. 27 is a diagrammatic view showing example message flow for the example

communications system of Fig. 16.

[00036]  Fig. 28 is a schematic view showing an example communications system
comprising a radio access node and a wireless terminal, and wherein the radio access node
provides an automatic broadcast-after-update for system information for a group of second

15  type system information blocks.

[00037]  Fig. 29 is a flowchart showing example, representative, basic acts or steps

performed by the radio access node of Fig. 28.

[00038]  Fig. 30 is a flowchart showing example, representative, basic acts or steps

performed by the wireless terminal of Fig. 28.

20 [00039]  Fig. 31 is a diagrammatic view showing example message flow for the example

communications system of Fig. 28.

[00040]  Fig. 32 is a diagrammatic view showing an example format of an Essential

System Information message according to an example implementation of the system of Fig. 28.
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[00041]  Fig. 33 is a schematic view showing an example communications system
comprising a radio access node and a wireless terminal, and wherein the radio access node
provides a compressed automatic broadcast-after-update message for second type system

information blocks.

5 [00042]  Fig. 34 is a diagrammatic view showing example message flow for the example

communications system of Fig. 33.

[00043]  Fig. 35 is a diagrammatic view showing example message flow for an example

communications system such as that of Fig. 33 which also uses compression.

[00044]  Fig. 36 is a diagrammatic view showing example electronic machinery which

10  may comprise node electronic machinery or terminal electronic machinery.

DETAILED DESCRIPTION

[00045]  In the following description, for purposes of explanation and not limitation,
specific details are set forth such as particular architectures, interfaces, techniques, etc. in order
to provide a thorough understanding of the technology disclosed herein. However, it will be
15  apparent to those skilled in the art that the technology disclosed herein may be practiced in
other embodiments that depart from these specific details. That is, those skilled in the art will
be able to devise various arrangements which, although not explicitly described or shown
herein, embody the principles of the technology disclosed herein and are included within its
spirit and scope. In some instances, detailed descriptions of well-known devices, circuits, and
20 methods are omitted so as not to obscure the description of the technology disclosed herein
with unnecessary detail. All statements herein reciting principles, aspects, and embodiments of
the technology disclosed herein, as well as specific examples thereof, are intended to
encompass both structural and functional equivalents thereof. Additionally, it is intended that
such equivalents include both currently known equivalents as well as equivalents developed in

25  the future, i.e., any elements developed that perform the same function, regardless of structure.

[00046]  Thus, for example, it will be appreciated by those skilled in the art that block

diagrams herein can represent conceptual views of illustrative circuitry or other functional
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units embodying the principles of the technology. Similarly, it will be appreciated that any
flow charts, state transition diagrams, pseudocode, and the like represent various processes
which may be substantially represented in computer readable medium and so executed by a

computer or processor, whether or not such computer or processor is explicitly shown.

5 [00047] As used herein, the term “core network™ can refer to a device, group of devices,
or sub-system in a telecommunication network that provides services to users of the
telecommunications network. Examples of services provided by a core network include

aggregation, authentication, call switching, service invocation, gateways to other networks, etc.

[00048] As used herein, the term “wireless terminal” can refer to any electronic device
10 used to communicate voice and/or data via a telecommunications system, such as (but not
limited to) a cellular network. Other terminology used to refer to wireless terminals and non-
limiting examples of such devices can include user equipment terminal, UE, mobile station,
mobile device, access terminal, subscriber station, mobile terminal, remote station, user
terminal, terminal, subscriber unit, cellular phones, smart phones, personal digital assistants

15 (“PDAs”), laptop computers, netbooks, e-readers, wireless modems, etc.

[00049] As used herein, the term “access node”, “node”, or “base station” can refer to any
device or group of devices that facilitates wireless communication or otherwise provides an
interface between a wireless terminal and a telecommunications system. A non-limiting
example of a base station can include, in the 3GPP specification, a Node B (“NB”), an

20  enhanced Node B (“eNB”), a home eNB (“HeNB”) , a 5G (New Radio [NR]) gNB, or some
other similar terminology. Another non-limiting example of a base station is an access point.
An access point may be an electronic device that provides access for wireless terminal to a data
network, such as (but not limited to) a Local Area Network (“LAN""), Wide Area Network
(“WAN?), the Internet, etc. Although some examples of the systems and methods disclosed

25  herein may be described in relation to given standards (e.g., 3GPP Releases 8, 9, 10, 11, and/or
12), the scope of the present disclosure should not be limited in this regard. At least some
aspects of the systems and methods disclosed herein may be utilized in other types of wireless

communication systems.
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[00050] As used herein, the term “telecommunication system” or “communications
system” can refer to any network of devices used to transmit information. A non-limiting
example of a telecommunication system is a cellular network or other wireless communication

system.

5  [00051] As used herein, the term “cellular network™ can refer to a network distributed

over cells, each cell served by at least one fixed-location transceiver, such as a base station. A
“cell” may be any communication channel that is specified by standardization or regulatory
bodies to be used for International Mobile Telecommunications-Advanced (“IMTAdvanced”).
All or a subset of the cell may be adopted by 3GPP as licensed bands (e.g., frequency band) to

10  be used for communication between a base station, such as a Node B, and a UE terminal. A
cellular network using licensed frequency bands can include configured cells. Configured cells
can include cells of which a UE terminal is aware and in which it is allowed by a base station

to transmit or receive information.

[00052]  Fig. 1 shows an example communications system 20 wherein radio access node
15 22 communicates over air or radio interface 24 (e.g., Uu interface) with wireless terminal 26.
As mentioned above, the radio access node 22 may be any suitable node for communicating
with the wireless terminal 26, such as a base station node, or eNodeB (“eNB”), for example.
The node 22 comprises node processor circuitry (“node processor 30”) and node transceiver
circuitry 32. The node transceiver circuitry 32 typically comprises node transmitter circuitry
20 34 and node receiver circuitry 36, which are also called node transmitter and node receiver,

respectively.

[00053]  The wireless terminal 26 comprises terminal processor 40 and terminal
transceiver circuitry 42. The terminal transceiver circuitry 42 typically comprises terminal
transmitter circuitry 44 and terminal receiver circuitry 46, which are also called terminal

25  transmitter 44 and terminal receiver 46, respectively. The wireless terminal 26 also typically
comprises user interface 48. The terminal user interface 48 may serve for both user input and
output operations, and may comprise (for example) a screen such as a touch screen that can

both display information to the user and receive information entered by the user. The user
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interface 48 may also include other types of devices, such as a speaker, a microphone, or a

haptic feedback device, for example.

[00054] For both the radio access node 22 and radio interface 24, the respective

transceiver circuitries 22 include antenna(s). The respective transmitter circuits 34 and 44 may
5  comprise, e.g., amplifier(s), modulation circuitry and other conventional transmission

equipment. The respective receiver circuits 36 and 46 may comprise, e.g., e.g., amplifiers,

demodulation circuitry, and other conventional receiver equipment.

[00055]  In general operation node, 22 and wireless terminal 26 communicate with each
other across radio interface 24 using predefined configurations of information. By way of non-
10  limiting example, the radio access node 22 and wireless terminal 26 may communicate over
radio interface 24 using “frames” of information that may be configured to include various
channels. In Long Term Evolution (LTE), for example, a frame, which may have both
downlink portion(s) and uplink portion(s), may comprise plural subframes, with each LTE
subframe in turn being divided into two slots. The frame may be conceptualized as a resource
15  grid (a two dimensional grid) comprised of resource elements (RE). Each column of the two
dimensional grid represents a symbol (e.g., an OFDM symbol on downlink (DL) from node to
wireless terminal; an SC-FDMA symbol in an uplink (UL) frame from wireless terminal to
node). Each row of the grid represents a subcarrier. The frame and subframe structure serves
only as an example of a technique of formatting of information that is to be transmitted over a
20  radio or air interface. It should be understood that “frame” and “subframe” may be utilized
interchangeably or may include or be realized by other units of information formatting, and as

such may bear other terminology (such as blocks, for example).

[00056] To cater to the transmission of information between radio access node 22 and
wireless terminal 26 over radio interface 24, the node processor 30 and terminal processor 40

25  of Fig. 1 are shown as comprising respective information handlers. For an example
implementation in which the information is communicated via frames, the information handler
for radio access node 22 is shown as node frame/signal scheduler/handler 50, while the

information handler for wireless terminal 26 is shown as terminal frame/signal handler 52.
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[00057]  The node processor 30 of radio access node 22 also includes a system information
(SI) generator 54. The wireless terminal 26 uses the system information (SI) generated by
radio access node 22, and even in some example implementations specifically requests certain
system information (SI), in on-demand fashion. To that end the terminal processor 40 of

5  wireless terminal 26 is shown as comprising SIB processor 56.

[00058]  The node processor 30, and system information (SI) generator 54 in particular,
generates a value tag which is associated with the system information (SI). The value tag, also
known as a version tag or “Vtag”, is configured to provide an indication of the version or
vintage of system information with which the value tag is associated. In example

10  implementations the value tag may take the form of a numeral or character, e.g., “1” for first
version, “2” for second version, etc., or “A” for first version, “B”, for second version, etc. Any
other convention for differentiating between values or versions may instead be employed. To

this end system information (SI) generator 54 is shown as comprising value tag generator 57.

[00059]  The value tag generator 57 serves, e.g., to change the value tag when a parameter
15  of the system information is changed. For example, the value tag generator 57 may increment

a number of the value tag when a parameter of the second type system information is changed.

[00060]  The system information (SI) generator 54 also comprises SIB delivery controller
58, which controls the timing and content of delivery of system information (SI), as well as
timing and delivery of certain node-available system information (“NASI”). In an example

20  embodiment and mode, illustrated in Fig. 2, the node-available system information comprises a
node-available system information message NASIM 59 which includes both an identification
of the system information that is available from the radio access node 22, and the value tag
associated with that available system information. To this end, the NAAIM 59 of Fig. 2 shows
an identification of system information field or information element 59A, and a value tag field

25 or information element 59B.

[00061]  Fig. 3 depicts certain example, representative, basic acts or steps performed by the
radio access node 22 of Fig. 1. Act 3-1 comprises generating a value tag associated with

system information that is available at the radio access node 22. As is understood in the art,
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the system information facilitates use of communication services provided by the access node.
Act 3-2 comprises transmitting over the radio interface 24 the node-available system
information (“NASI”). Such transmission may be by means of the node-available system
information message NASIM 59. An arrow 3-2 in Fig. 1 corresponds to act 3-2 (and, in an

5  example implementation, to the node-available system information message NASIM 59). As
indicated above and with respect to Fig. 2, the node-available system information message
comprises an identification of the system information and the value tag associated with the

system information.

[00062]  Fig. 4 depicts certain example, representative, basic acts or steps performed by the

10  wireless terminal 26 of Fig. 1. Act 4-1 comprises receiving, from the radio access node 22, the
node-available system information message (3-2) which comprises an identification of node-
available system information and a node-transmitted value tag associated with the node-
available system information. Act 4-2 comprises making a determination, on the basis of the
node-transmitted value tag, whether to request that the node-available system information be

15  transmitted to the wireless terminal. If the determination of act 4-2 indicates that the available
system information as advertised in the node-available system information message (3-2)
should be obtained (e.g., because that available system information has a more recent value
tag), then the wireless terminal 26 sends a request message to the radio access node 22 to

obtain the advertised system information.

20 [00063]  Fig. 5illustrates certain example embodiment and mode wherein system
information (SI) is classified into plural categories or types, and delivery of each category or
type of system information (SI) is separately triggered and thus separately delivered across
radio interface 24 to one or more wireless terminals. Accordingly, the system information (SI)

generator of radio access node 22 is also known as differentiated delivery SIB generator 54.

25 [00064] In view of the fact that, in certain example embodiments and modes, the system
information (SI) is classified into plural categories or types, the system information (SI)
generator 54 is depicted in Fig. 5 as comprising SIB type classifier 60 which defines the plural
categories or types of system information, and may further define an association between the

plural types and respective system information blocks. For sake of example two representative

Page 18 of 91 (IPR2024-00402)
AT&T Mobility, LLC et al v. Daingean Technologies Ltd.



SLA 3675_6112-78

13

categories or types of system information (SI) are shown as defined by the SIB type classifier
60 in Fig. 5: a first type of system information (1TYP SIB) and a second type of system
information (2TYP SIB). Definitions and procedures for handling for the first type of system
information (1TYP SIB) and the second type of system information (2TYP SIB) may be

5  selectively configured and maintained, and are accordingly reflected by 1TYPSIB controller 62

and 2TYPSIB controller 64, respectively.

[00065]  In an example embodiment and mode, the first type of system information (1TYP
SIB) is SIB “essential system information”, which means system information (SI) which is
essential to or minimally required by the wireless terminal 26 for initial access to the radio

10  access network and to radio interface 24 in particular. Essential system information may be
also referred as “minimum system information”. On the other hand, in the same example
embodiment and mode, the second type of system information (2TYP SIB) is non-essential
system information (SI). “Non-essential” system information (SI) is defined as all other types
of information, and thus excludes the minimal information required for initial access. Non-

15  essential system information may be also referred as “other system information”. As such the
second type of system information (2TYP SIB) may facilitate utilization of certain features or
services provided by or through radio access node 22. Thus, the first type system information
comprises information which is periodically broadcasted by the transmitter and which is
required for initial access to the radio access network, but the second type system information

20  is not required for initial access to the radio access network.

[00066] In example embodiments and modes described herein, the radio access node 22
separately delivers the different types of system information, e.g., delivers the second type of
system information (2TYP SIB) separately from the first type of system information (1TYP
SIB). For example, the node processor 30 may schedule periodic transmissions by the

25  transmitter of first type system information over the radio interface; and thereafter or
separately from the periodic transmissions of the first type system information, schedule
transmission by the transmitter of second type system information over the radio interface.
Accordingly, in example embodiments and modes, the SIB delivery controller 58, among other

things, may implement the “differentiated” delivery of the second type of system information
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(2TYP SIB) apart from the first type of system information (1ITYP SIB). As explained herein,

the transmission of second type system information may be either by unicast or broadcast.

[00067]  Fig. 5 further illustrates that wireless terminal 26 may, after obtaining initial
access to the communications system 20 (e.g., as a result of receiving the first type of system
information (1TYP SIB)), recognize or appreciate that the wireless terminal 26 may need the
second type of system information (2TYP SIB). Thus the wireless terminal 26 may make a
special request for the second type of system information (2TYP SIB). The Fig. 5 embodiment
and mode is thus an example of the radio access node 22 providing second type system
information “on demand”. Such request or demand for second type of system information
(2TYP SIB) may arise, for example, when the wireless terminal 26 seeks to utilize a certain
service provided by the communications system 20 or a functionality of wireless terminal 26
which, although not required for access, may enhance operation of wireless terminal 26.
Accordingly, Fig. 5 shows the SIB processor 56 of wireless terminal 26 as comprising
2TYPSIB request generator 70, which may generate a 2TYPSIB request depicted by arrow 5-
1.

[00068]  Fig. 5 further shows node frame/signal scheduler/handler 50 as comprising
2TYPSIB request handler 72, and further shows the SIB delivery controller 58 as comprising
2TYPSIB response generator 74. In the Fig. 5 embodiment and mode, the 2TYPSIB response
generator 74 generates a response message 5-2 which includes one or more requested system
information blocks (SIBs), e.g., includes at least one block of the second type system

information.

[00069] Thus, in the Fig. 5 embodiment and mode, the node processor 30 schedules
periodic transmissions by the transmitter of first type system information over the radio
interface. Thereafter or separately from the periodic transmissions of the first type system
information, and upon request by the wireless terminal 26, the node processor 30 schedules
transmission by the transmitter of second type system information over the radio interface.
The request by the wireless terminal 26 may arise after the wireless terminal 26 receives the

node-available system information message NASIM 59, which advises of the value tag for the
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node-available system information. Thus, in the Fig. 5 embodiment and mode, the value tag is

associated with the second type system information.

[00070]  Fig. 6 shows an exemplary message flow for the embodiment of Fig. 5. In the
Fig. 6 message flow, when a wireless terminal enters the coverage area of the radio access
5 node 22, the wireless terminal first receives from the radio access node 22 the Essential System

Information (i.e., first type of system information (1TYP SIB), and in particular receives
Essential System Information periodically broadcasted in messages containing the essential
SIB(s) as information elements. The periodic broadcast by the radio access node 22 of the
Essential System Information is shown by messages 6-1a and 6-1b of Fig. 6, it being

10  understood (in Fig. 6 and other similar drawings) that there may be more than two such
broadcast messages. An example Essential System Information message for the Fig. 5

embodiment and mode is shown in Fig. 7 and hereinafter described.

[00071]  Asshown in Fig. 7, the Essential System Information message may comprise a

nonEssentialSIBInfo information element which includes the identification of the non-essential
15  SIBs. If the nonEssentialSIBInfo information element is not present in the message, or if the

information element is present but the list is empty, the wireless terminal assumes that all the

SIBs from this radio access node 22 are essential SIBs.

[00072] Upon receiving the Essential System Information, i.e., the first type of system
information (1TYP SIB), the wireless terminal 26 initiates the system access procedure by

20  sending an Access Request message 6-2, which is acknowledged by radio access node 22 with
an Access Response message 6-3. Following the system access procedure (comprised of the
acts just described), the wireless terminal 26 sends a Non-essential System Information Request
message 6-4 to radio access node 22. The Non-essential System Information Request message
6-4 may be generated by 2TYP SIG request generator 70 of Fig. 5, and may include an

25  indication of one or more pieces of second type of system information (2TYP SIB), e.g., one or
more SIB numbers (SIB#), that the wireless terminal 26 desires. The wireless terminal 26 was
made aware of the existence of the second type of system information by the non-
essentialSIBinfo information element. Such indication of desired SIB# may be expressed in an

information element of the Non-essential System Information Request message 6-4. The Non-
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essential System Information Request message 6-4 may be sent using uplink dedicated

resources (e.g., radio resources of a frame).

[00073]  Inresponse to the Non-essential System Information Request message 6-4, the
radio access node 22 may send Non-essential System Information Response message 6-5 using
5  the downlink dedicated resources. The Non-essential System Information Response message 6-

5 comprises the requested SIB#n (e.g., the SIB#n requested by the wireless terminal 26). The
requested SIB#n may be included in an information element of the Non-essential System
Information Response message 6-5. Afterwards, when the wireless terminal 26 has
successfully obtained the requested SIB#n from the Non-essential System Information

10  Response message 3-5, the wireless terminal 26 may send to the radio access node 22 a Non-
essential System Information Completion message 6-6, at which point the radio access node 22
may release the uplink/downlink dedicated resources. Alternatively, the radio access node 22
may release the uplink/downlink dedicated resources after sending Non-essential System

Information Response message 6-5.

15 [00074]  Anexample Essential System Information message for the Fig. 5 embodiment and
mode is shown in Fig. 7. In the embodiment and mode of Fig. 5 and Fig. 6, one or more and
preferably a non-essential (e.g., second type) SIB is associated with a value tag that uniquely
identifies a specific version of content for that SIB. When broadcasting Essential System
Information message, the radio access node 22 of Fig. 5 includes the value tags for the latest

20  contents of non-essential SIBs. Further, the value tag changes when any configuration
parameters in the corresponding SIB gets updated. In one example implementation, the value
tag is incremented by one upon the SIB update. Other types of modifications, e.g.,

decrementation, version prefixes or suffixes, may be employed.

[00075]  Fig. 7 shows an example format of the Essential System Information message,
25  wherein the nonEssentialSIBInfo information element each sibId is paired with valueTag, the
value tag of the corresponding non-essential SIB. Thus, in an example implementation, the
node-available system information message NASIM 59 may be an Essential System
Information message as shown in Fig. 7. Fig. 7 particularly shows that the Essential System

Information message may also, when functioning as the node-available system information
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message NASIM 59, include an information element specifying what non-essential SIBs are
available at this radio access node 22 upon request. Fig. 7 shows the
essentialSystemInformation information element carrying at least one essential SIB and a
nonEssentialSIBInfo information element may include a list of identifiers (sibld’s) for such
available non-essential SIBs. In addition, for one or more and preferably each non-essential

SIBs a value tag is provided in the nonEssentialSIBInfo information element.

[00076] Fig. 7 also shows that Essential SIB(s) may be also associated with at least one
value tag, which is different from the ones for non-essential SIBs, and may be conveyed as a

part of the Essential System Information message.

[00077]  In certain example embodiments and modes, the value tag of a non-essential SIB
may be valid within one radio access node 22, e.g., valid within a coverage area or cell served
by the radio access node 22. But in other example embodiments and modes, the value tag may
have collective applicability, e.g., be capable of expressing a value for more than one cell, for
more than one piece of system information (e.g., more than one SIB), etc. In other words, the
applicable “base” of the value tag, the information to which the value tag pertains, may be

selectively defined in terms of various factors such as area, number of SIBs, and so forth.

[00078]  In the above regard, in an example embodiment and mode shown in Fig. 8, the
system information (SI) generator 54 includes not only the value tag generator 57, but also
logic, memory, or controller for a value tag base definition 80. In an example implementation,
for example, the value tag base definition 80 may specify that the value tag is valid in at least
one geographical area comprising a plurality of radio access nodes. Thus, the node processor
30 may generate the value tag to be valid in a geographical area served by the access node and
a group of at least one other access node. In such example implementation, the value tag base
definition 80, or value tag “validity area”, may be separately signaled from the radio access
nodes to the wireless terminals in their respective coverage areas. That is, the node processor
30 may generate a signal (such as signal 8-1 of Fig. 8) to define the group of other access

nodes.
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[00079]  Thus, in the Fig. 8 embodiment and mode, a wireless terminal may consider a

non-essential system information, a second type SIB, to be “current” if (1) it was received in

the validity area of the radio access node upon which the wireless terminal is camping; (2) the

value tag of the received non-essential SIB is the same as the one that the camped radio access
5  node is currently advertising in the Essential System Information message, and (3) it was

received within a pre-determined or network-configured time period from the present time.

[00080]  Fig. 9 shows an example message flow for the example embodiment and mode of
Fig. 8. In the example embodiment and mode of Fig. 8 it is assumed that the wireless terminal
26 makes an on-demand request for second type system information (SI). Accordingly, in Fig.
10 9, the Essential System Information messages 9-1a and 9-1b are indicated as being “SIB#n:
on-demand”. Further, as explained above, the Essential System Information messages 9-1a and
9-1b may include the value tag (“valueTag: m”). After receiving the Essential System
Information, the wireless terminal 26 may perform an access procedure comprising Access

Request message 6-2 and Access Response message 6-3.

15 [00081] Inthe Fig. 9 scenario the wireless terminal 26 may not need to take further action
respecting the second type of system information if the wireless terminal 26 has previously
received the SIB#n and the value tag for the previously-received SIB#n as stored at the
wireless terminal 26 is current (e.g., is “m”). Otherwise, if the wireless terminal 26 has a value
tag for the SIB#n which is older than “m”, the wireless terminal 26 may proceed to request the

20  SIB#n transmission using the Non-Essential System Information Request message 6-4, in a

manner similar to that described in a previous embodiment.

[00082] Thus, in the example embodiment and mode of Fig. 8 and fig. 9, the Non-
essential System Information Response message and/or Non-essential System Information

Completion message may contain the value tag with the current value (valueTag = m).

25 [00083] In an example embodiment and mode shown in Fig. 10, the wireless terminal 26
may optionally include in request message 10-1 (requesting the second type system
information) the stored values tags of the requested second type system information. This may

occur in a situation in which the wireless terminal 26 already has stored values for the second
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type system information and already has stored value tags for the stored second type system
information, but the wireless terminal 26 does not know if the stored second type system
information is or is not truly current in terms of network usage for each of the stored SIBs of
the second type system information. The wireless terminal 26 may request second type system
information for plural different second type system information SIBs, and the plural second

type system information SIBs may each have different value tags.

[00084]  In the example embodiment and mode of Fig. 10, the wireless terminal 26
comprises value tag inserter functionality 84, which includes in the request message 10-1 the
stored value tag for the second type system information already stored at wireless terminal 26.
Moreover, as understood below, the radio access node 22 and SIB delivery controller 58 in
particular may comprise a compression formatter for the second type system information, e.g.,

2TYPSIB compression formatter 86.

[00085]  Thus, the Fig. 10 example embodiment and mode is similar to the embodiment
and mode of Fig. 8, but the wireless terminal 26 may optionally include in the Non-essential
System Information Request message 10-1 the value tags of the requested non-essential SIBs,
where the wireless terminal 26 obtained those value tags when it previously received the

corresponding non-essential SIBS.

[00086]  Anexemplary scenario of the Fig. 10 embodiment and mode is illustrated in the
message flow of Fig. 11. Fig. 11 shows, by the Non-essential System Information Request
message 11-4 (which corresponds to message 10-1 of Fig. 10), that valueTag = k for its
requested SIB#n. Based on this received value tag, the radio access node 22 and the 2TYPSIB
compression formatter 86 in particular may compose “compressed” content of the SIB#n to be

delivered via Non-essential System Information Response message 11-5.

[00087]  In one example implementation of Fig. 10 and Fig. 11, the compressed content
comprises the differences between the current SIB#n (valueTag = m) and the previously
transmitted (valueTag = k). For example, if SIB#n consists of parameters p/ to pI0 and if only

p3 and p7 have been updated (if the radio access node 22 has newer values only for parameters
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P3 and p7 of second type system information), the compressed content of the Non-essential

System Information Response message 11-5 may include only p3 and p7 with updated values.

[00088]  Thus the example embodiment and mode of Fig. 10 and Fig. 11 is particularly but
not exclusively applicable to situations in which the second type system information comprises
plural parameters and the receiver is configured to receive a wireless terminal-reported value
tag in the request message. Basic example acts performed by radio access node 22 in
conjunction with the example embodiment and mode of Fig. 10 and Fig. 11 are shown in Fig.
12. Act 12-1 comprises the node processor 30 (and system information (SI) generator 54 in
particular) changing the value tag when at least one of the plural parameters of the second type
system information changes and to store a parameter identifier for the at least one of the plural
parameters for which content changes. Act 12-2 comprises making a comparison of the
terminal-reported value tag (e.g., the value tag reported in the request message 10-1) with the
value tag (the changed value tag). Act 12-3 comprises preparing the response message (e.g.,
the Non-essential System Information Response message 11-5) to include only changed ones of
the plural parameters based on the comparison of the value tag relative to the terminal-reported

value tag.

[00089]  In some cases, the radio access node 22 may have an option to send the non-
compressed versions of the requested non-essential SIBs even if the Non-essential System
Information Request message contains value tags. One example of such cases is where the
radio access node 22 no longer stores the contents of the previously transmitted non-essential

SIBs indicated by the received value tags.

[00090]  Basic example acts performed by wireless terminal 26 in conjunction with the
example embodiment and mode of Fig. 10 and Fig. 11 are shown in Fig. 13. Act 13-1
comprises the wireless terminal 26 transmitting the terminal-stored value tag in the request
message (e.g., in message 11-4). Act 13-2 comprises the wireless terminal 26 receiving the
response message (e.g., message 11-5) from the access node. As mentioned above, the
response message includes changed ones of the plural parameters based on a comparison at the
access node of the node-reported value tag relative to the terminal-stored value tag. Act 13-3

comprises the wireless terminal 26 using the changed ones of the plural parameters of the
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system information to replace corresponding parameters of the terminal-stored system

information.

[00091]  In the above regard, the wireless terminal 26 may construct the entire SIB#n using
the received compressed content and the content of SIB#n saved in its memory. In the
example described above, the wireless terminal 26 may overwrite saved p3 and p7 with the
ones received in the compressed content. The UE further updates the saved value tag for SIB#n

to valueTag = m.

[00092]  1In typical deployments, the content of system information is stable and even if it
has some updates those updates are generally minor. By the approach described in the
example embodiment of Fig. 10 and Fig. 11, it is possible to reduce the data size of the Non-

essential System Information Response message.

[00093]  The example embodiment and mode of Fig. 14 is similar to the embodiment and
mode of Fig. 8, but differs in that a value tag may represent a value or version for an
aggregation of multiple non-essential SIBs, e.g., a group of second type system information
blocks. In particular, the value tag base definition 80(14) of the embodiment and mode of Fig.
14 defines multiple siblds associated with one valueTag to thereby form a non-essential or
second type system information SIB “group”. Thus, in the Fig. 14 embodiment and mode, the
node processor 30 generates the value tag to be associated with a group of plural second type
system information blocks. The 2TYP SIG request generator 70 of the wireless terminal 26 of
Fig. 14 includes a group identifier inserter (“group ID inserter 88”") which includes, in a request
message 14-1, an identification of the group of second type system information blocks which
are the subject of a second type system information request. The request message 14-1 also

may include a value tag associated with the group.

[00094]  Fig. 15 shows an exemplary format of the Essential System Information message,
where multiple siblds associated with one valueTag forms a non-essential SIB group. The
valueTag in each non-essential SIB group of this message is updated when the content of at

least one non-essential SIB belonging to this group changes. In one configuration, each non-
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essential SIB group may be associated with groupldx, an index of the group in the order of

occurrence in the nonEssentialSIBInfo.

[00095]  Fig. 16 illustrates an example message flow for the embodiment and mode of Fig.
14. Fig. 14 particular shows Essential System Information messages 16-1a and 16-1b as
advertising a non-essential SIB group with groupldx = a and valueTag = m. The wireless
terminal 26, when requesting the contents of the non-essential SIBs belonging to the group,
sends to radio access node 22 the Non-essential System Information Request message 16-4
containing groupld = a. In response, the radio access node 22 sends Non-essential System
Information Response message 16-4 including the contents of all the non-essential SIBs of the

group defined by groupid=a.

[00096]  Asexplained above, the example embodiment and mode of Fig. 14 and Fig. 16
involves, e.g., generating the value tag to be associated with a group of plural second type
system information blocks. Basic example acts performed by radio access node 22 in
conjunction with the example embodiment and mode of Fig. 14 and Fig. 16 are shown in Fig.
17. Act 17-1 comprises changing the value tag when content changes for at least one block of
the group and storing a block identifier for the at least one block for which content changes.
Act 17-2 comprises receiving a wireless terminal-reported value tag in the request message.
Act 17-3 comprises making a comparison of the terminal-reported value tag with the value tag.
Act 17-4 comprises preparing the response message to include only changed ones of the plural
blocks of the group based on the comparison of the value tag relative to the terminal-reported

value tag.

[00097]  Basic example acts performed by wireless terminal 26 in conjunction with the
example embodiment and mode of Fig. 14 and Fig. 16 are shown in Fig. 18. Act 18-1
comprises transmitting an identification of a group of second type system information blocks
and the associated value tag in the request message (e.g., in message 16-4 of Fig. 16). Act 18-2
comprises receiving the response message (e.g., message 16-5 of Fig. 16) from the access
node, the response message including changed ones of the plural blocks of the group based on

the comparison of the node-transmitted value tag relative to the terminal-stored value tag. Act
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18-3 comprises using the changed ones of the plural blocks of the group based of the system

information to replace corresponding blocks of the terminal-stored system information.

[00098]  Another example embodiment and mode, having message flow represented by
Fig. 19, is based on the combination of the content compression method disclosed in the
embodiment of Fig. 10 and the concept of non-essential SIB group described in the
embodiment of Fig. 14. In the message flow of Fig. 19, the wireless terminal 26 sends Non-
essential System Information Request message 19-4 with groupldx = a, since the value tag that
UE saves for this non-essential SIB group is not current. The Non-essential System
Information Response message 19-5 that the radio access node 22 sends in response contains
compressed content of the non-essential SIB group. In one implementation, the compressed
content comprises the differences between the current non-essential SIBs (valueTag = m) and

the previously broadcasted non-essential SIBs(valueTag = k) under the same non-essential SIB

group.

[00099]  Fig. 20 illustrates another signaling message flow for another example
embodiment and mode. The initial messages of Fig. 20 are similar to those of some preceding
embodiments and modes, but in Fig. 20 the Non-essential System Information Response
message 20-5 includes an information element 78 indicating that the requested SIB#n will be
broadcasted instead of unicasted. The radio access node 22, at a subsequent cycle of an
Essential System Information message transmission (e.g., at message 20-6a), starts including at
least one information element (such as information element 80) for the scheduling information
of SIB#n transmissions. Based on this scheduling information, the radio access node 22
broadcasts the Non-essential System Information message 20-7a containing the requested
SIB#n. As indicated by the messages depicted in broken lines in Fig. 20, the radio access node
22 may repeat these two steps multiple times for reliable delivery. By receiving at least one of
these repetitions, the wireless terminal 26 should successfully obtain the SIB#n. The number
of the repetitions may be determined by the radio access node 22, and information indicating
the number may be broadcasted together with the essential system information. Alternatively,
the number of the repetitions may be determined by the wireless terminal 26 and may be
notified to the radio access node 22 through the Non-essential System Information Request

message 20-4.
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[000100] 1In some implementations of the example embodiment and mode of Fig. 20 the
access node 22 may include a value tag(s) in messages, such as in the Essential System
Information message(s) 20-6 of Fig. 20. Likewise, in some example implementations the
broadcasted Non-essential System Information message(s) 20-7 may comprise a value tag that
represents the version of the non-essential SIB(s) delivered by the Non-essential System
Information message(s). In this regard, Fig. 21 shows one exemplary format of the Essential
System Information with the scheduling information, where the Schedulinglnfo optional
information element is used for indicating the broadcast schedules for Non-essential System

Information message with the updated SIB#n content.

[000101] A benefit of the Fig. 20 embodiment and mode is that the requested SIB#n may
also be received by other wireless terminals entering the same coverage area. Such wireless
terminals may receive the Essential System Information message 20-6 and know that the SIB#n
is scheduled to be transmitted. As a result, the number of transmissions for Non-essential
System Information Request message 20-4 may be reduced. An additional benefit is that the

transmissions of messages 20-2 and 20-3 may also be reduced.

[000102] Fig. 22 illustrates yet another signaling message flow for another example
embodiment and mode. The initial messages of Fig. 22 are similar to those of some preceding
embodiments and modes, but in Fig. 22 the broadcasts of SIB#n in the Non-essential System
Information message(s) 22-6 occur on pre-determined resource allocations. For example, the
pre-determined resource allocations may be defined by using a periodicity and/or an offset.
The radio access node 22 may optionally repeat sending Non-essential System Information
messages 22-6 at multiple occasions. The wireless terminal 26 that has sent a Non-essential
System Information Request message 22-4, requesting the SIB#n, may receive Non-essential
System Information on at least one pre-determined radio resource allocation, without receiving
an Essential System Information message. The radio access node 22 may use these allocated

resources for other purposes if it does not transmit SIB#n.

[000103] 1In the Fig. 22 embodiment and mode, any other wireless terminal entering the
coverage first receives the Essential System Information message 22-1, then it may monitor

pre-determined resources for several times before sending Non-essential System Information
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Request message 22-4, in order to suppress unnecessary transmissions of Non-essential System
Information Request message. The number of monitoring trials may be pre-determined, or may

be configured by the Essential System Information message.

[000104] 1In addition, in the Fig. 22 embodiment and mode the pre-determined resource
allocations can be configurable by including the information of allocations in Essential System
Information message 22-1. The pre-determined resource allocations of a given non-essential
SIB may be jointly coded with whether the non-essential SIB is available at this radio access
node by request. Alternatively, the pre-determined resource allocations may be tied to the SIB

indices.

[000105] Fig. 23 illustrates yet another signaling message flow for another example
embodiment and mode. In Fig. 23, the Access Request message(s) 23-2 now contain(s) a
request for the SIB#n broadcast. The radio access node that receives the request may decide to
deliver the SIB#n by unicast, or by broadcast. In case of unicast, it includes an information
element of unicast indication for SIB#n in Access Response message 23-3, as shown in Fig. 23.
Otherwise, the radio access node includes an information element of a broadcast indication for
SIB#n in Access Response message 24-3, as shown in Fig. 24. An alternative approach to Fig.
24 is shown in Fig. 25, where Non-essential System Information message 25-5 is broadcasted

on pre-determined resource allocations.

[000106] Further information regarding the technology disclosed herein, including but not
limited to the example embodiments and modes of Fig. 20 — Fig. 25, is provided in related US
Provisional Application (attorney docket: 6112-50), entitled “ON-DEMAND SYSTEM
INFORMATION FOR WIRELESS TELECOMMUNICATIONS?”, filed on July 27, 2016.

[000107] In certain example embodiments and modes described above, if the access node
22 updates the content of a non-essential SIB, a new value of the value tag for the SIB will be
used, e.g., in the Essential System Information message. In one example implementation, the
value tag may be incremented (e.g., incremented by one). The wireless terminals under the

coverage of the access node 22 may (1) eventually receive the message with the new value tag,
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(2) find out that the previously received SIB becomes obsolete, and (3) decide to send a Non-

essential System Information Request message to the access node 22.

[000108] Fig. 26 illustrates certain example embodiments and modes which seek to avoid
congestion that may occur if many Non-essential System Information Request messages are
transmitted from wireless terminals. In particular, the example embodiment and mode of Fig.
26 allows the access node 22 to broadcast the new content of the non-essential SIB for limited
times after the SIB update. The broadcast-after-update technology of Fig. 26 may be utilized in
conjunction/combination with any other of the example embodiments and modes described

herein.

[000109] Fig. 26 shows node processor 30, and SIB generator 54 in particular, as
comprising SIB update functionality 120. The SIB update functionality 120 either
updates/changes the second type system information or detects an update or change in the
second type system information. The SIB delivery controller 58 comprises automatic second
type system information broadcast-after-update generator 122. Whenever there is an update or
other change for the second type system information as performed or detected by the SIB
update functionality 120, the automatic second type system information broadcast-after-update
generator 122 generates broadcast messages 26-1 including the new/updated content of the
second type system information. The broadcast messages 26-1 including the new content of
the second type system information continue only for a limited time, or a predetermined

number of automatic-after-update broadcast messages.

[000110] Fig. 27 illustrates a message flow for an example scenario of the example
embodiment and mode of Fig. 26. In the example scenario of Fig. 27, as shown by arrow 124
SIB#n gets updated (e.g., by SIB update functionality 120) and its value tag changes from m to
m+1. From this moment the access node 22 starts including the new value tag m+1 for SIB#n
in the Essential System Information message(s) 27-n. In addition, at least one transmission of
the Essential System Information message(s) 27-n after the SIB#n update may include
scheduling information to indicate one or plurality of broadcast schedules for the updated
SIB#n content. Based on the scheduling information, the access node 22 broadcasts Non-

essential System Information message(s) 27-m including the updated SIB#n content. As
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indicated by the primed message suffixes in Fig. 27, the access node 22 may optionally
transmit Essential System Information message(s) with the scheduling information and the
Non-essential System Information message(s) with the SIB#n content multiple times, e.g., for a
predetermined time period after the SIB#n update, for example. As further shown in Fig. 27,

5  after the automatic broadcast-after-update messages 27-n and 27-m, the access node 22 may
also broadcast the fact that the SIB#n update is available on demand, as indicated by message

27-p.

[000111] In the example embodiment and mode of Fig. 26 and Fig 27, the access node 22
may use the message format shown in Fig. 21 for the Essential System Information message
10  with the scheduling information. The wireless terminals receiving this Essential System
Information message may attempt to receive the scheduled Non-essential System Information
message, instead of requesting on-demand delivery of the updated SIB#n. Once the scheduled
broadcasts of the updated SIB#n content are completed, the wireless terminal may no longer

use the optional information element.

15 [000112] Some communication systems may employ discontinuous reception (DRX),
where the wireless terminals do not always monitor the periodic transmission of the Essential
System Information message. In order to ensure that the wireless terminals under the coverage
of the access node receive the automatic broadcast-after-update messages, the system in some
implementations may use a separate signaling mechanism to trigger the reception of the

20  Essential System Information message. One example is that the access node includes an
indication in the Paging message for predetermined duration before transmitting the Essential

System Information message 27-n.

[000113] The example embodiment and mode of Fig. 28 is based at least in part on the
example embodiment and mode of Fig. 26 and at least in part on the example embodiment and
25  mode of Fig. 14 wherein the access node 22 may employ the concept of non-essential SIB
groups. In the Fig. 28 example embodiment and mode, the Non-essential System Information
message which is automatically broadcasted after the SIB content update includes the contents

of multiple SIBs grouped with the same value tag.
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[000114] Fig. 28 shows the node processor 30 and the SIB generator 54 in particular as
comprising not only the SIB update functionality 120 and the automatic second type system
information broadcast-after-update generator 122, but also a value tag base definition logic

80(28) which defines multiple SIB groups associated with the value tag.

[000115] Fig. 29 shows example, representative, basic acts or steps performed by the radio
access node 22 of Fig. 28. Act 29-1 comprises detecting or determining a change of content of
the system information. Act29-2 comprises, upon the detection or the determination of change
of content of the system information, generating a broadcast of the updated system information
over the radio interface. In the example embodiment and mode of Fig. 29, the change of
content may be an update of the system information, and the changed or updated system
information may in particular be second type system information. Moreover, the broadcast
may be broadcast messages which are scheduled, with scheduling information for such
broadcast being included in previous broadcast such as a node-available system information
message. Such previous broadcast message may be, in at least some embodiments, can be an
Essential System Information broadcast message. Moreover, in example implementation, the
broadcast of the second type system information over the radio interface may occur only for a

predetermined time, e.g., a predetermined number of such broadcasts.

[000116] Fig. 30 shows example, representative, basic acts or steps performed by the
wireless terminal 26 of Fig. 28. Act 30-1 comprises receiving a broadcast message that
includes scheduling information for updated second type system information for which the
access node has determined occurrence of an update and wherein the node-transmitted value
tag is an updated value tag associated with the updated second type system information. Act
30-2 comprises obtaining the updated second type information in accordance with the
scheduling information. Act 30-3 comprises, on the basis of the updated value tag,
determining not to request that the update second type system information be transmitted to the

wireless terminal.

[000117] Fig. 31 shows an example of message flow for the example embodiment and
mode of Fig. 28; Fig. 32 shows an example message format of the Essential System

Information message for example embodiment and mode of Fig. 27 and Fig. 28.
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[000118] Fig. 33 illustrates certain example embodiments and modes which allow the
access node 22 to broadcast a “compressed” image of updated non-essential system
information in conjunction with the automatic broadcast-after-update feature. The node
processor 30 of access node 22, and the SIB generator 54 in particular, comprise both the SIB
update functionality 120 and automatic second type system information broadcast-after-update
generator 122, as well as 2TYPSIB compression formatter 86(31). Upon actual update or
detection of update of system information by functionality 120, the broadcast-after-update
generator 122 generates a compressed SIB broadcast-after-update message 33-1, in which
compression is achieved by virtue of 2TYPSIB compression formatter 86(31) preferably
including in the SIB broadcast-after-update message 33-1 only those system information

parameters of the SIB block which have changed.

[000119] Fig. 34 shows an exemplary message flow for the embodiment and mode of Fig.
33. In Fig 32, the broadcasted Non-essential System Information message(s) 34-n now
include(s) a compressed content of the updated SIB#n with valueTag = m+1. As described in a
previous embodiment and mode, in one implementation the compressed content comprises the
differences between the updated SIB#n (valueTag = m+1) and the previously transmitted

(valueTag = m).

[000120] The wireless terminal 26 which receives the broadcasted Non-essential System
Information message 34-n with the compressed SIB#n content with valueTag = m+1 checks if
it has previously received SIB#n with valueTag = m and has saved the content in its memory.
If so, the wireless terminal 26 simply applies the received compressed image to the saved
content to construct the updated content. Otherwise, the wireless terminal 26 may initiate an
on-demand delivery request of the updated SIB#n content using one or some of the methods

already disclosed above.

[000121] Fig. 35 illustrates an example message flow for certain example embodiments and
modes which applies the concept of non-essential SIB groups to the example compression
embodiment and mode of Fig. 32 in conjunction with the automatic broadcast-after-update
feature. In Fig. 35 the Essential System Information message 35-n advertises one or more

groupldx’s, each of which is associated with a value tag valueTag, as disclosed in a previous
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example embodiment and mode. Similar to a previous example embodiment and mode, the
broadcasted Non-essential System Information message 35-m may contain compressed content
of the non-essential SIB group. In one implementation, the compressed content comprises the
differences between the current non-essential SIBs (valueTag = m+1) and the previously

broadcasted (valueTag = m) under the same non-essential SIB group.

[000122] Certain units and functionalities of node 22 and wireless terminal 26 are, in
example embodiments, implemented by electronic machinery, computer, and/or circuitry. For
example, the node processors 30 and terminal processors 40 of the example embodiments
herein described and/or encompassed may be comprised by the computer circuitry of Fig. 36.
Fig. 36 shows an example of such electronic machinery or circuitry, whether node or terminal,
as comprising one or more processor(s) circuits 140, program instruction memory 142; other
memory 144 (e.g., RAM, cache, etc.); input/output interfaces 146; peripheral interfaces 148;

support circuits 149; and busses 150 for communication between the aforementioned units.

[000123] The program instruction memory 142 may comprise coded instructions which,
when executed by the processor(s), perform acts including but not limited to those described
herein. Thus is understood that each of node processor 30 and terminal processor 40, for

example, comprise memory in which non-transient instructions are stored for execution.

[000124] The memory 144, or computer-readable medium, may be one or more of readily
available memory such as random access memory (RAM), read only memory (ROM), floppy
disk, hard disk, flash memory or any other form of digital storage, local or remote, and is
preferably of non-volatile nature. The support circuits 149 are coupled to the processors 140
for supporting the processor in a conventional manner. These circuits include cache, power

supplies, clock circuits, input/output circuitry and subsystems, and the like.

[000125] The technology of this application thus encompasses but is not limited to

the following example embodiments, example features, and example advantages:
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[000126] Example Embodiment 1: A user equipment (UE) for receiving system

information, comprising:
a processor; and

memory in electronic communication with the processor, wherein instructions stored in

5  the memory are executable to:
receive first system information periodically broadcasted from eNB;

determine types of second system information to additionally receive, wherein

each of said types corresponds to a second system information block;

transmit to the eNB a request containing said types of the second system

10 information;
receive the requested second system information from the eNB.

[000127] Example Embodiment 2: The UE of Example Embodiment 1, wherein contents of

one or plurality of second system information blocks are associated with a value tag.

[000128] Example Embodiment 3: The UE of Example Embodiment 2, wherein from said
15  first system information the UE obtains value tags, each of which indicates the current version

of the corresponding second information system blocks.

[000129] Example Embodiment 4: The UE of Example Embodiment 3, wherein the UE
retrieves broadcast scheduling information of said second system information from said first

system information.

20 [000130] Example Embodiment 5: The UE of Example Embodiment 4, wherein the UE

receives the broadcasted second system information based on said scheduling information.
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[000131] Example Embodiment 6: The UE of Example Embodiment 4, wherein the UE
refrains from requesting delivery of second system information blocks if the first system

information indicates broadcast delivery of said second system information

[000132] Example Embodiment 7: The UE of Example Embodiment 6, wherein the UE

5  refrains from requesting delivery of second system information blocks if the first system
information indicates broadcast delivery of said second system information and if the current
value tag for these second system information blocks is different from the saved value tag for

the same second system information blocks.

[000133] Example Embodiment 8: The UE of Example Embodiment 4, wherein the second

10  system blocks associated with a same value tag is identified by a group index.

[000134] Example Embodiment 9: The UE of Example Embodiment 5, wherein the UE
receives one or plurality of compressed contents based on said scheduling information, each of

which is a compressed image of one or plurality of second system information blocks.

[000135] Example Embodiment 10: An evolved node B (eNB) for delivering system

15  information, comprising:
a processor; and

memory in electronic communication with the processor, wherein instructions stored in

the memory are executable to:

periodically broadcast first system information that includes types of second
20  system information available by request, wherein each of said types corresponds to a second

system information block;
receive from a UE a request for transmission of said second system information;

transmit said requested second system information.
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[000136] Example Embodiment 11: The eNB of Example Embodiment 10, wherein
contents of one or plurality of second system information blocks are associated with a value

tag.

[000137] Example Embodiment 12: The eNB of Example Embodiment 11, wherein the
5  eNB includes in said first system information value tags, each of which indicates the current

version of the corresponding second information system blocks.

[000138] Example Embodiment 13: The eNB of Example Embodiment 12, wherein the
eNB includes broadcast scheduling information of said second system information in said first

system information.

10 [000139] Example Embodiment 14: The eNB of Example Embodiment 12, wherein the

eNB broadcasts said seond system information based on said scheduling information.

[000140] Example Embodiment 15: The eNB of Example Embodiment 12, wherein the
eNB includes broadcast scheduling information of said second system information in said first

system information after the content of said second system information gets updated.

15 [000141] Example Embodiment 16: The eNB of Example Embodiment 15, wherein the
inclusion of said broadcast scheduling information in the first system information is limited for

pre-determined times after the content of said second system information gets updated.

[000142] Example Embodiment 17: The eNB of Example Embodiment 10, wherein the

second system blocks associated with a same value tag is identified by a group index,

20 [000143] Example Embodiment 18: The eNB of Example Embodiment 11, wherein the
eNB transmits one or plurality of compressed contents based on said scheduling information,

each of which is a compressed image of one or plurality of second system information blocks.

[000144] Example Embodiment 19: An access node of a radio access network comprising:

Page 39 of 91 (IPR2024-00402)
AT&T Mobility, LLC et al v. Daingean Technologies Ltd.



SLA 3675_6112-78

34

processor circuitry configured:

upon a change of content of system information, to include, in a broadcast message comprising
first system information which is broadcast from the access node, an indication of when the
access node is scheduled to broadcast second system information which is not included in the

5 first system information;

a transmitter configured to transmit, over a radio interface, the broadcast message comprising
the first system information and thereafter the broadcast of the second system information

according to the indication.

[000145] Example Embodiment 20: The access node of Example Embodiment 19, wherein
10  the processor circuitry is further configured, upon the change of content of the system
information, to generate multiple broadcasts of the second system information over the radio

interface for a predetermined time.

[000146] Example Embodiment 21: The access node of Example Embodiment 19, wherein
the processor circuitry is further configured, upon the change of content of the system
15  information, to generate the broadcast of the second system information in a compressed

format reflecting portions of the second system information that have changed content.

[000147] Example Embodiment 22: The access node of Example Embodiment 19, wherein

the processor circuitry is further configured, upon the change of content of the system

information, to generate the broadcast of the second system information, the broadcast of the
20  second system information comprising an association of a group of system information blocks

with a same value tag.

[000148] Example Embodiment 23: The access node of Example Embodiment 19, wherein
the processor circuitry is further configured the broadcast of the second system information to

comprise a value tag.
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[000149] Example Embodiment 24: The access node of Example Embodiment 19, wherein
the first type system information is periodically broadcasted by the transmitter and is required
for initial access to the radio access network, and wherein the second type system information

is not required for initial access to the radio access network.

5 [000150] Example Embodiment 25: A method in an access node of a radio access network

comprising:

upon a change of content of system information, using processor circuitry to include, in a
broadcast message comprising first system information which is broadcast from the access
node, an indication of when the access node is scheduled to broadcast second system

10 information which is not included in the first system information;

transmitting, over a radio interface, the broadcast message comprising the first system
information and thereafter the broadcast of the second system information according to the

indication.

[000151] Example Embodiment 26: The method of Example Embodiment 25, further
15  comprising, upon the change of content of the system information, generating multiple

broadcasts of the updated system information over the radio interface for a predetermined time.

[000152] Example Embodiment 27: The method of Example Embodiment 25, further
comprising, upon the change of content of the system information, generating the broadcast of
the updated system information in a compressed format reflecting portions of the second

20  system information that comprise changed content.

[000153] Example Embodiment 28: The method of Example Embodiment 25, further
comprising, upon the change of content of the system information, generating the broadcast of
the updated system information, the node-available system information comprising an

association of a group of system information blocks with a same value tag.
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[000154] Example Embodiment 29: The method of Example Embodiment 25 further
comprising the processor circuitry including a value tag in the broadcast of the second system

information.

[000155] Example Embodiment 30: The method of Example Embodiment 25 wherein the
5  first type system information is periodically broadcasted by the transmitter and is required for
initial access to the radio access network, and wherein the second type system information is

not required for initial access to the radio access network.

[000156] Example Embodiment 31: A wireless terminal which communicates over a radio

interface with an access node of a radio access network comprising:

10  areceiver configured to receive messages from the access node including a first broadcast

message and a second broadcast message;
processor circuitry configured to:

determine, from the first broadcast message, scheduling information concerning the

second broadcast message;

15 obtain system information from the second broadcast message based on the scheduling

information.

[000157] Example Embodiment 32: The wireless terminal of Example Embodiment 31,

wherein the processor circuitry is further configured to:
obtain from the first broadcast message a value tag; and
20  determine not to request system information from the access node based on the value tag.

[000158] Example Embodiment 33: The wireless terminal of Example Embodiment 31,

wherein:
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the first broadcast message comprises first system information and the scheduling information,

and

the second broadcast message comprises second system information that is not included in the

first system information.

5 [000159] Example Embodiment 34: The wireless terminal of Example Embodiment 33,
wherein the first type system information is periodically broadcasted by the transmitter and is
required for initial access to the radio access network, and wherein the second type system

information is not required for initial access to the radio access network.

[000160] Example Embodiment 35:The wireless terminal of Example Embodiment 31,
10  wherein the receiver is further configured to attempt to receive the multiple second broadcast

messages over the radio interface for a predetermined time.

[000161] Example Embodiment 36: The wireless terminal of Example Embodiment 31,
wherein the processor circuitry is further configured to obtain updated system information
included in the second broadcast message in a compressed format reflecting portions of the

15  system information that have changed content.

[000162] Example Embodiment 37: The wireless terminal of Example Embodiment 31,
wherein the processor circuitry is further configured to obtain updated system information
included in the second broadcast message as a group of system information blocks having an

associated updated value tag.

20  [000163] Example Embodiment 38: A method in a wireless terminal which communicates

over a radio interface with an access node of a radio access network the method comprising:

receiving messages from the access node including a first broadcast message and a

second broadcast message;

using processor circuitry to:
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determine, from the first broadcast message, scheduling information concerning

the second broadcast message;

obtain system information from the second broadcast message based on the

scheduling information.

5 [000164] Example Embodiment 39: The method of Example Embodiment 38, wherein the

processor circuitry is further configured to:

obtain from the first broadcast message a value tag; and

determine not to request system information from the access node based on the value tag.
[000165] Example Embodiment 40: The method of Example Embodiment 38, wherein:

10  the first broadcast message comprises first system information and the scheduling information,

and

the second broadcast message comprises second system information that is not included in the

first system information.

[000166] Example Embodiment 41: The method of Example Embodiment 40, wherein the
15  first type system information is periodically broadcasted by the transmitter and is required for
initial access to the radio access network, and wherein the second type system information is

not required for initial access to the radio access network.

[000167] Example Embodiment 42: The method of Example Embodiment 38, further
comprising attempting to receive multiple second broadcast messages over the radio interface

20  for a predetermined time.

[000168] Example Embodiment 43: The method of Example Embodiment 38, further
comprising obtaining the second broadcast system information in a compressed format

reflecting portions of the system information that have changed content.
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[000169] Example Embodiment 44: The method of Example Embodiment 38, further
comprising obtaining the second broadcast system information as a group of system

information blocks having an associated same value tag.

[000170] Although the processes and methods of the disclosed embodiments may be
discussed as being implemented as a software routine, some of the method steps that are
disclosed therein may be performed in hardware as well as by a processor running software.
As such, the embodiments may be implemented in software as executed upon a computer
system, in hardware as an application specific integrated circuit or other type of hardware
implementation, or a combination of software and hardware. The software routines of the
disclosed embodiments are capable of being executed on any computer operating system, and
is capable of being performed using any CPU architecture. The instructions of such software

are stored on non-transient computer readable media.

[000171] The functions of the various elements including functional blocks, including but
not limited to those labeled or described as “computer”, “processor” or “controller”’, may be
provided through the use of hardware such as circuit hardware and/or hardware capable of
executing software in the form of coded instructions stored on computer readable medium.
Thus, such functions and illustrated functional blocks are to be understood as being either

hardware-implemented and/or computer-implemented, and thus machine-implemented.

[000172] 1In terms of hardware implementation, the functional blocks may include or
encompass, without limitation, digital signal processor (DSP) hardware, reduced instruction set
processor, hardware (e.g., digital or analog) circuitry including but not limited to application
specific integrated circuit(s) [ASIC], and/or field programmable gate array(s) (FPGA(s)), and

(where appropriate) state machines capable of performing such functions.

[000173] 1In terms of computer implementation, a computer is generally understood to
comprise one or more processors or one or more controllers, and the terms computer and
processor and controller may be employed interchangeably herein. When provided by a

computer or processor or controller, the functions may be provided by a single dedicated

computer or processor or controller, by a single shared computer or processor or controller, or
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by a plurality of individual computers or processors or controllers, some of which may be
shared or distributed. Moreover, use of the term “processor” or “controller” shall also be
construed to refer to other hardware capable of performing such functions and/or executing

software, such as the example hardware recited above.

5 [000174] The functions of the various elements including functional blocks, including but
not limited to those labeled or described as “computer”, “processor” or “controller”’, may be
provided through the use of hardware such as circuit hardware and/or hardware capable of
executing software in the form of coded instructions stored on computer readable medium.
Thus, such functions and illustrated functional blocks are to be understood as being either

10  hardware-implemented and/or computer-implemented, and thus machine-implemented.

[000175] Nodes that communicate using the air interface also have suitable radio
communications circuitry. Moreover, the technology can additionally be considered to be
embodied entirely within any form of computer-readable memory, such as solid-state memory,
magnetic disk, or optical disk containing an appropriate set of computer instructions that would

15  cause a processor to carry out the techniques described herein.

[000176] It will be appreciated that the technology disclosed herein is directed to solving
radio communications-centric issues and is necessarily rooted in computer technology and
overcomes problems specifically arising in radio communications. Moreover, in at least one of
its aspects the technology disclosed herein improves the functioning of the basic function of a
20  wireless terminal and/or node itself so that, for example, the wireless terminal and/or node can

operate more effectively by prudent use of radio resources.

[000177] Although the description above contains many specificities, these should not be
construed as limiting the scope of the technology disclosed herein but as merely providing
illustrations of some of the presently preferred embodiments of the technology disclosed

25  herein. Thus the scope of the technology disclosed herein should be determined by the
appended claims and their legal equivalents. Therefore, it will be appreciated that the scope of
the technology disclosed herein fully encompasses other embodiments which may become

obvious to those skilled in the art, and that the scope of the technology disclosed herein is
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accordingly to be limited by nothing other than the appended claims, in which reference to an
element in the singular is not intended to mean "one and only one" unless explicitly so stated,
but rather "one or more." All structural, chemical, and functional equivalents to the elements
of the above-described preferred embodiment that are known to those of ordinary skill in the
5  art are expressly incorporated herein by reference and are intended to be encompassed by the

present claims. Moreover, it is not necessary for a device or method to address each and every
problem sought to be solved by the technology disclosed herein, for it to be encompassed by
the present claims. Furthermore, no element, component, or method step in the present
disclosure is intended to be dedicated to the public regardless of whether the element,

10  component, or method step is explicitly recited in the claims. No claim element herein is to be
construed under the provisions of 35 U.S.C. 112, sixth paragraph, unless the element is

expressly recited using the phrase "means for."
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WHAT IS CLAIMED IS:

1. An access node of a radio access network comprising:
processor circuitry configured:
upon a change of content of system information, to include, in a broadcast

message comprising first system information which is broadcast from the access node, an
indication of when the access node is scheduled to broadcast second system information which
is not included in the first system information;

a transmitter configured to transmit, over a radio interface, the broadcast message
comprising the first system information and thereafter the broadcast of the second system

information according to the indication..

2. The access node of claim 1, wherein the processor circuitry is further configured,
upon the change of content of the system information, to generate multiple broadcasts of the

second system information over the radio interface for a predetermined time.

3. The access node of claim 1, wherein the processor circuitry is further configured,
upon the change of content of the system information, to generate the broadcast of the second
system information in a compressed format reflecting portions of the second system

information that have changed content.

4. The access node of claim 1, wherein the processor circuitry is further configured,
upon the change of content of the system information, to generate the broadcast of the second
system information, the broadcast of the second system information comprising an association

of a group of system information blocks with a same value tag.

5. The access node of claim 1, wherein the processor circuitry is further configured the

broadcast of the second system information to comprise a value tag.

6. A method in an access node of a radio access network comprising:

upon a change of content of system information, using processor circuitry to include, in

[ A R e N Y o O S N T e = T VS T N R e o O R O R e T C e o B o ) R @ 2 B N O N O

a broadcast message comprising first system information which is broadcast from the access
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node, an indication of when the access node is scheduled to broadcast second system
information which is not included in the first system information;

transmitting, over a radio interface, the broadcast message comprising the first system
information and thereafter the broadcast of the second system information according to the

indication.

7. The method of claim 6, further comprising, upon the change of content of the
system information, generating multiple broadcasts of the updated system information over the

radio interface for a predetermined time.

8. The method of claim 6, further comprising, upon the change of content of the
system information, generating the broadcast of the updated system information in a
compressed format reflecting portions of the second system information that comprise changed

content.

9. The method of claim 6, further comprising, upon the change of content of the
system information, generating the broadcast of the updated system information, the node-
available system information comprising an association of a group of system information

blocks with a same value tag.

10. The method of claim 6, further comprising the processor circuitry including a value

tag in the broadcast of the second system information.

11. A wireless terminal which communicates over a radio interface with an access
node of a radio access network comprising:
a receiver configured to receive messages from the access node including a first
broadcast message and a second broadcast message;
processor circuitry configured to:
determine, from the first broadcast message, scheduling information concerning
the second broadcast message;
obtain system information from the second broadcast message based on the

scheduling information.
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12. The wireless terminal of claim 11, wherein the processor circuitry is further
configured to:

obtain from the first broadcast message a value tag; and

determine not to request system information from the access node based on the value

tag.

13. The wireless terminal of claim 11, wherein:

the first broadcast message comprises first system information and the scheduling
information, and

the second broadcast message comprises second system information that is not included

in the first system information.

14. The wireless terminal of claim 11, wherein the receiver is further configured to
attempt to receive the multiple second broadcast messages over the radio interface for a

predetermined time.

15. The wireless terminal of claim 11, wherein the processor circuitry is further
configured to obtain updated system information included in the second broadcast message in a

compressed format reflecting portions of the system information that have changed content.

16. The wireless terminal of claim 11, wherein the processor circuitry is further
configured to obtain updated system information included in the second broadcast message as

a group of system information blocks having an associated updated value tag.

17. A method in a wireless terminal which communicates over a radio interface with
an access node of a radio access network the method comprising:

receiving messages from the access node including a first broadcast message and a
second broadcast message;

using processor circuitry to:

determine, from the first broadcast message, scheduling information concerning

R e T & 1 B O S e S B S e o o O R A B T VN L O e e L © 2 T S GO R NC A N S L~ O R \ SR )

the second broadcast message;
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8 obtain system information from the second broadcast message based on the scheduling
9  information
1
1 18. The method of claim 17, wherein the processor circuitry is further configured to:
2 obtain from the first broadcast message a value tag; and
3 determining not to request system information from the access node based on the value
4  tag.
1
1 19. The method of claim 17, further comprising obtaining the second broadcast system
2 information in a compressed format reflecting portions of the system information that have
3  changed content.
1
1 20. The method of claim 17, further comprising obtaining the second broadcast system
2 information as a group of system information blocks having an associated same value tag.
1
1
1
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ABSTRACT OF THE DISCLOSURE

[000178] Method and apparatus use a value tag in conjunction with transmission and/or
processing of system information in a wireless communication network, especially in
conjunction with second type system information or non-essentially type system information.
5  In certain example embodiment and modes, an access node (22) may initiate broadcasting
second type system information when its content gets updated, in order to avoid many on-
demand delivery requests from wireless terminals. In certain example implementations, the

access node (22) may compress second type system information to be delivered by broadcast.
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Secrecy Order 37 CFR 5.2:

[ Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.}

Inventor Information:

Remove
Inventor |1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
‘ [+] ptsushi ‘ JsHi ‘ E
Residence Information (Select One) e US Residency Non US Residency Active US Military Service

City | Mancouver State/Province | WA Country of Residencé | IS

Mailing Address of Inventor:

Address 1 B611 NW 18th Avenue

Address 2

City | IJancouver I State/Province | bNA
Postal Code | o665 | Countryi | lus

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button. Add

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 26613

Email Address | Add Email | [Remove Email

Application Information:

Title of the Invention BROADCAST AFTER UPDATE OF SYSTEM INFORMATION

Attorney Docket Number| [SLA3675_6112-78 Small Entity Status Claimed [ ]
Application Type Nonprovisional -
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Application Number
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Title of Invention | s Frer PDATE OF SYSTEM INFORMATION

Filing By Reference:

Only complete this section when filing an application by reference under 35 US.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previously Filing date {YYYY-MM-DD) Intellectual Property Authority or Country N
filed application

Publication Information:

[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of atiorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: ® Customer Number US Patent Practitioner (O Limited Recognition (37 CFR 11.9)
Customer Number 126613

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | Pending - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Claims benefit of provisional -] 62368126 R016-07-28

Additional Domestic Benefit/National Stage Data may be generated within this form

by selecting the Add button. Add
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Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.5.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i){(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.
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Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly sighed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPQO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 helow, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authoerization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPQO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIP0O), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related biblicgraphic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

().

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2_ Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s}

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authocrize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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Application Number
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Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant }

If the applicant is the inventor (or the remaining jeint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

® Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

R

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name

BHARP Laboratories of America, Inc.

Mailing Address Information For Applicant:

Address 1 H750 NW Pacific Rim Boulevard

Address 2

City Camas State/Province WA
Country ‘ s Postal Code 08607
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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Assignee (1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. []
Prefix Given Name Middle Name Family Name Suffix

] | i

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City I State/Province
Countryi I Postal Code
Phone Number | Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
: Add
selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature [fH. Warren Burnam, Jr./ Date (YYYY-MM-DD)| [2017-07-25
First Name P Warren Last Name | Purnam, Jr. Registration Number 9366
Additional Signature may be generated within this form by selecting the Add button.
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This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.5. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1 The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy
Act (5 U.SC. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3 Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record.

4,  Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.5.C.
552a{m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intellectual Property Organizaticn, pursuant to the Patent CooperationTreaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.5.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 1.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of
records for this purpose, and any other relevant {i.e., GS5A or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8.  Arecord from this systemn of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C.
122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the pubilic if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential viclation of law or regulation.
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