(12) STANDARD PATENT (11) Application No. AU 2016218353 B2
(19) AUSTRALIAN PATENT OFFICE

(54) Title
On-demand system information

(61) International Patent Classification(s)
HO04W 48/12 (2009.01)

(21)  Application No: 2016218353 (22)  Date of Filing:  2016.02.01
(87) WIPONo: WO16/130353

(30)  Priority Data

(31) Number (32) Date (33) Country
62/114,157 2015.02.10 us
14/803,793 2015.07.20 us
62/121,326 2015.02.26 us

(43) Publication Date: 2016.08.18

(44) Accepted Journal Date: 2019.11.21

(71)  Applicant(s)
Qualcomm Incorporated

(72)  Inventor(s)

Kubota, Keiichi;Ji, Tingfang;Bhushan, Naga;Horn, Gavin Bernard;Smee, John
Edward;Soriaga, Joseph Binamira;Zeng, Wei

(74) Agent/ Attorney
Madderns Pty Ltd, GPO Box 2752, Adelaide, SA, 5001, AU

(56) Related Art
US 8879984 B2




wo 2016/130353 A3 [ 000 000 N O A R

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

(43) International Publication Date WO 2016 /1303 53 A3
18 August 2016 (18.08.2016) WIPO | PCT
(51) International Patent Classification: Drive, San Diego, California 92121-1714 (US).
HO4W 48/12 (2009.01) SORIAGA, Joseph, Binamira; 5775 Morehouse Drive,
(21) International Application Number: San Diego, California 92121-1714 (US). ZENG, Wei;
' 5775 Morehouse Drive, San Diego, California 92121-1714
PCT/US2016/015990 ’ i
(US).
(22) International Filing Date: | February 2016 (01022016, (7 Agent: ANDERSON, Thomas, D.; Holland & Hart LLP,
ebruary 2016 (01.02.2016) P.O. Box 11583, Salt Lake City, Utah 84147 (US).
(25) Filing Language: English (81) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of national protection available): AE, AG, AL, AM,
L. AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(30) Priority Data: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(71) Applicant: QUALCOMM INCORPORATED [US/US]; MK, MN, MW, MX, MY, MZ, NA, NG, NL, NO, NZ, OM,
ATTN: International IP Administration, 5775 Morehouse PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
Drive, San Diego, California 92121-1714 (US). SD, SE, 8G, SK, SL, SM, ST, SV, SY, TH, TJ, T™, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(72) Inventors: KUBOTA, Keiichi; 5775 Morchouse Drive,
San Diego, California 92121-1714 (US). JI, Tingfang; (84) Designated States (unless otherwise indicated, for every
5775 Morchouse Drive, San Diego, California 92121-1714 kind of regional protection available): ARIPO (BW, GH,
(US). BHUSHAN, Naga; 5775 Morehouse Drive, San GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
Diego, California 92121-1714 (US). HORN, Gavin, Bern- TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
ard; 5775 Morehouse Drive, San Diego, California 92121- TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
1714 (US). SMEE, John, Edward; 5775 Morehouse DK, EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
[Continued on next page]
(54) Title: ON-DEMAND SYSTEM INFORMATION
I1G. 4 FIG. 3A
400 Broadcast
Broadcast Syne  MSIBw/ 305
Sync  MSIB w/change change o~
310 315 310 315 310-a 315-a
B First
Slliaz:issn
) 115-b |
: Instance of a Periodic Sync Signal A0S : Broadeast 120
Proccssius:auccofﬂ\c /410 : SZ;: 325 3?}(/;8'3 325 330 =~
periodic sync signal | ,_I : H(
T [
! MSTB jon request 11> : s]ic:;d ] >
i 420 | Station 3133 "
- MSIB - : Req
! I
[Process information included| /425 : Syne Sched 5
in the MSIB | 340 340 348 340
T r,
: OSIB transmission request 4307i T'hird :: ”H ﬂ -
! A3S Slt;aa:iSSn }4; }40 }40 o
| Prepare one or more osis I~ Rci] ‘Broadeast o
: | MSIB
| . 440 350
:‘ gzg o i Sygi 355 3S<>Czhed 355
] r
! ”:l Hﬂ W
Base
Station 3160 }53
Req. Unicast
MSIB

(57) Abstract: A wireless network may provide system information by either a fixed periodic broadcast or broad-beam transmission
or in response to a request by a user equipment (UE). The wireless network may broadcast (or broad-beam transmit) a signal that in-
dicates to the UEs within a cell or zone coverage area that system information is to be transmitted on a fixed periodic schedule or in
response to a request sent by one or more UEs.



WO 2016/130353 A3 |00 0T 0 O 0

SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,  _ before the expiration of the time limit for amending the

GW, KM, ML, MR, NE, SN, TD, TG). claims and to be republished in the event of receipt of
Published: amendments (Rule 48.2(h))

—  with international search report (Art. 21(3)) (88) Date of publication of the international search report:
20 October 2016



10

15

20

25

WO 2016/130353 PCT/US2016/015990

ON-DEMAND SYSTEM INFORMATION

CROSS REFERENCES
[0001] The present Application for Patent claims priority to U.S. Patent Application
No. 14/803,793 by Kubota et al., entitled “On-Demand System Information,” filed July 20,
2015; U.S. Provisional Patent Application No. 62/121,326 by Horn et al., entitled “Service
Based System Information Acquisition,” filed February 26, 2015; and U.S. Provisional Patent
Application No. 62/114,157 by Kubota et al., entitled “On-Demand System Information,”
filed February 10, 2015; each of which is assigned to the assignee hereof.

BACKGROUND
FIELD OF THE DISCLOSURE

[0002] The present disclosure, for example, relates to wireless communication systems,
and more particularly to the transmission of on-demand system information in a wireless
communication system, such as a wireless communication system having a user equipment

(UE)-centric network.

DESCRIPTION OF RELATED ART

[0003] Wireless communication systems are widely deployed to provide various types of
communication content such as voice, video, packet data, messaging, broadcast, and so on.
These systems may be multiple-access systems capable of supporting communication with
multiple users by sharing the available system resources (e.g., time, frequency, and power).
Examples of such multiple-access systems include code-division multiple access (CDMA)
systems, time-division multiple access (TDMA) systems, frequency-division multiple access

(FDMA) systems, and orthogonal frequency-division multiple access (OFDMA) systems.

[0004] By way of example, a wireless multiple-access communication system may include
a number of base stations, each simultaneously supporting communication for multiple
communication devices, otherwise known as user equipments (UEs). A base station may
communicate with UEs on downlink channels (e.g., for transmissions from a base station to a

UE) and uplink channels (e.g., for transmissions from a UE to a base station).
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[0005] In a wireless multiple-access communication system, each cell of a network may
broadcast synchronization signals and system information for UEs to discover. Upon
discovering the synchronization signals and system information broadcast by a particular cell,
a UE may perform an initial access procedure to access the network via the cell. The cell via
which the UE accesses the network may become the UE’s serving cell. As the UE moves
within the network, the UE may discover other cells (e.g., neighboring cells) and determine

whether a handover of the UE to a neighboring cell or a cell reselection is warranted.

SUMMARY
[0006] The present disclosure generally relates to wireless communication systems, and
more particularly to the transmission of on-demand system information in a wireless
communication system, such as a wireless communication system having a user equipment
(UE)-centric network. Wireless communication systems such as Long Term Evolution (LTE)
communication systems or LTE-Advanced (LTE-A) communication systems have a network-
centric network. In a wireless communication system having a network-centric network, the
network perpetually broadcasts synchronization signals and system information for UEs to
discover. Upon discovering the synchronization signals and system information broadcast by
a particular cell, a UE may perform an initial access procedure to access the network via the
cell. Once connected to the network, the UE may discover other cells as it moves within the
network. The other cells may broadcast different synchronization signals or system
information. A wireless communication system having a network-centric network therefore
entails various signal broadcasts, which broadcasts consume power and may or may not be

received or used by some or all of a cell’s UEs.

[0007] A wireless communication system having a network-centric network also places
relatively more of the network processing on UEs (e.g., a UE identifies a first serving cell
upon initially accessing the network, and then identifies and monitors handover targets (other
serving cells) as part of its mobility management). The present disclosure therefore describes
a wireless communication system in which system information may be transmitted after
being requested by one or more UEs. In some cases, the system information may be
transmitted to a UE in a unicast or narrow-beam operation. In some cases, the wireless
communication system in which the system information is transmitted may have a UE-centric

network.
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[0008] In a first set of illustrative examples, a method for wireless communication at a
user equipment (UE) is described. In one configuration, the method may include receiving
a first signal comprising a system information block including a first indication of whether
system information is to be requested by the UE and a second indication of at least one of a
channel, a frequency, or timing information for sending, by the UE, a request for the
system information. The method may further include identifying one or more functions for
which system information is to be obtained; sending, by the UE, the request for system
information in accordance with the first indication; receiving, at the UE, the system
information in accordance with the first indication and the request, wherein the received
system information includes system information for the identified one or more functions;
and establishing a connection between the UE and a base station in accordance with the

received system information.

[0009] In some embodiments of the method, obtaining system information may include
sending a request for system information in accordance with the indication, and receiving
system information in response to the request. In some embodiments of the method,
obtaining system information may include receiving system information via a second
signal in accordance with the indication. The second signal may be transmitted via a
broadcast or broad-beam operation. In some embodiments of the method, receiving the
first signal may include receiving information indicating where a request for system
information is to be sent by the UE. In some embodiments of the method, receiving the
first signal may include receiving information indicating a predetermined channel on
which system information is to be transmitted via a second broadcast signal via a broadcast
or broad-beam operation. In some embodiments of the method, the first signal may be a

synchronization signal.

[0010] In some embodiments of the method, receiving the first signal may include
receiving the first signal as part of a broad-beam operation in a massive multiple-
input/multiple-output (MIMO) network. In these embodiments, obtaining system
information may include receiving system information as part of a broad-beam or narrow-

beam operation.

[0011] In some embodiments of the method, receiving the first signal may include

receiving the first signal as part of a broadcast operation in a non-massive MIMO network.



13 Mar 2019

2016218353

10

15

20

25

30

In some embodiments, obtaining system information may include receiving system

information as part of a broadcast or unicast operation.

[0012] In some embodiments, the method may further include identifying one or more
services for which system information is to be obtained, where obtaining the system
information may include obtaining system information for the identified one or more
services in accordance with the indication. In these examples, obtaining the system
information may include sending a request for system information for the one or more
services; and receiving the system information for the one or more services in response to
the request. In some examples, obtaining the system information may include sending a
separate request for system information for each of the one or more services, each request
being for system information of a different service; and receiving, individually, system

information for the one or more services in response to each request.

[0013] In some embodiments of the method, the indication may be a first indication, and
receiving the first signal may include receiving a second indication that system information
for the one or more services is to be broadcast at one or more predetermined times and on

one or more predetermined channels.

[0014] In some embodiments of the method, the indication may be a first indication, and
receiving the first signal may include receiving a second indication that system information
for the one or more services is available. In these examples, obtaining system information
may include sending one or more requests for system information for the one or more
services in accordance with the first indication and the second indication; and receiving
system information for the one or more services in response to the one or more requests.

In some of these examples, receiving the first signal may include receiving information
identifying a target device where one or more requests for system information for the one
or more services are to be sent. In some examples, receiving the first signal may include
receiving information identifying one or more time periods corresponding to when one or
more requests for system information for the one or more services are to be sent, where
each time period corresponds to a separate service of the one or more services. In some
embodiments of the method, obtaining system information may include receiving system
information for the one or more services via one or more second signals, the one or more

second signals being transmitted via a broadcast or broad-beam operation.
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[0015] In some embodiments of the method, obtaining system information may include
receiving system information for the one or more services, where the system information
includes information identifying the one or more services for which the system information
is valid. Additionally or alternatively, obtaining system information may include receiving
system information for one of the one or more services; determining whether additional
system information for the one of the one or more services is needed; and requesting
additional system information for the one of the one or more services based at least in part

on the determining.

[0016] In some embodiments of the method, the one or more services may include one
or more of an energy efficient service, a high reliability service, a low latency service, a

broadcast service, or a small data service.

[0017] In some embodiments of the method, obtaining system information may include
receiving system information for the one or more services, where the system information
includes information identifying a validity time period; and re-obtaining system
information for the one or more services upon expiration of the validity time period. The
validity time period may be based on a power saving mode (PSM) time period or an

amount of time to cycle through all value tags of the system information.

[0018] In a second set of illustrative examples, an apparatus for wireless communication
at a UE is described. In one configuration, the apparatus may include means for receiving,
at a UE, a first signal comprising a system information block, the first signal including a
first indication of whether system information is to be requested by the UE and a second
indication of at least one of a channel, a frequency, or timing information for sending, by
the UE, a request for the system information. The apparatus further includes a means for
identifying one or more functions for which system information is to be obtained; means,
by the UE, the request for the system information in accordance with the first indication;
means for receiving, at the UE, the system information in accordance with the first
indication and the request, wherein the received system information includes system
information for the identified one or more functions; and means for establishing a
connection between the UE and a base station in accordance with the received system
information. In some examples, the apparatus may further include means for
implementing one or more aspects of the method for wireless communication described

above with respect to the first set of illustrative examples.
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[0019] In a third set of illustrative examples, another apparatus for wireless
communication at a UE is described. In one configuration, the apparatus may include a
processor, memory in electronic communication with the processor, and instructions stored
in the memory. In some examples, the instructions may also be executable by the
processor to implement one or more aspects of the method for wireless communication

described above with respect to the first set of illustrative examples.

[0020] In a fourth set of illustrative examples, a non-transitory computer-readable
medium storing computer-executable code for wireless communication at a UE is
described. In some examples, the code may also be used to implement one or more aspects
of the method for wireless communication described above with respect to the first set of

illustrative examples.

[0021] In a fifth set of illustrative examples, another method for wireless communication
is described. In one configuration, the method may include transmitting, from a base
station, a first signal comprising a system information block including a first indication of
whether system information is to be requested by a user equipment (UE) and a second
indication of at least one of a channel, a frequency, or timing information for sending, by
the UE, a request for the system information; receiving, at the base station, the request for
the system information in accordance with the indication; transmitting, from the base
station, the system information in accordance with the first indication and the request,
wherein the system information associated with functions available to the UE, wherein
separate transmissions are used to transmit the system information for different functions
and different configurations of functions; and establishing a connection between the base

station and the UE in accordance with the system information.

[0022] In some embodiments, the method may include receiving a request for system
information in accordance with the indication, and transmitting system information in
response to the request. In some embodiments of the method, transmitting system
information may include transmitting system information via a second signal in accordance
with the indication, where the second signal is transmitted via a broadcast or broad-beam
operation. In some embodiments, the method may include including, in the first signal,
information indicating where a request for system information is to be sent. In some

embodiments, the method may include including, in the first signal, information indicating
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a predetermined channel on which system information is to be transmitted via a broadcast

or broad-beam operation.

[0023] In some embodiments of the method, transmitting system information may
include transmitting system information in accordance with the indication and a
transmission mode. In some embodiments, the method may include changing the
transmission mode to be a broadcast or broad-beam mode targeting a cell edge and having
fixed periodic scheduling. In some embodiments, the method may include changing the
transmission mode to be a broadcast or broad-beam mode targeting a cell edge and having
an on-demand periodic scheduling triggered by a request for system information in
accordance with the indication. In some embodiments, the method may include changing
the transmission mode to be a broadcast or broad-beam mode having an on-demand
aperiodic scheduling triggered by a request for system information in accordance with the
indication. In some embodiments, the method may include changing the transmission
mode to be a unicast or narrow-beam mode having an on-demand aperiodic scheduling
triggered by a request for system information in accordance with the indication. In some
embodiments, the method may include changing the transmission mode based on network
load or congestion status. In some embodiments of the method, the first signal may be a

synchronization signal.

[0024] In some embodiments, the method may include using a broad-beam operation to
transmit the first signal in a massive MIMO network. In some of these examples, the
method may include using a broad-beam or narrow-beam operation to transmit system

information, in accordance with the indication and a transmission mode.

[0025] In some embodiments, the method may include using a broadcast operation to
transmit the first signal in a non-massive MIMO network. In some of these examples, the
method may include using a broadcast or unicast operation to transmit system information,

in accordance with the indication and a transmission mode.

[0026] In some embodiments of the method, transmitting system information may
include transmitting, in accordance with the indication, system information associated with
services available to the UE, where separate transmissions are used to transmit the system
information for different services and different configurations of services. In some
embodiments, the method may include receiving a request for system information for one

or more services in accordance with the indication; and transmitting system information for
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the one or more services in response to the request. In some embodiments, the method
may include receiving multiple requests for system information for one or more services in
accordance with the indication, each request being from the UE and being for system
information of a different service; and transmitting system information for the one or more
services in response to the request. In these examples, transmitting system information in
response to the request may include transmitting system information for each of the one or
more services in a joint transmission. Alternatively, transmitting system information in
response to the request may include transmitting system information for each of the one or

more services in separate transmissions.

[0027] In some embodiments, the indication may be a first indication, and the method
may further include including, in the first signal, a second indication that system
information for one or more services is to be broadcast at one or more predetermined times
and on one or more predetermined channels. In some embodiments, the indication may be
a first indication, and the method may further include including, in the first signal, a second
indication that system information for one or more services is available to be requested. In
some of these examples, the method may include receiving one or more requests for
system information for one or more services in accordance with the first indication and the
second indication. In some examples, the method may further include including, with the
first signal, information indicating where and when one or more requests for system

information for one or more services are to be sent.

[0028] In some embodiments, the method may further include including, in the system
information, information indicating one or more services for which the system information
is valid. In some embodiments, the method may further include including, in the system
information, information indicating a duration of time for which the system information is
valid, where the system information for different services and different configurations of
services includes different durations of time. In some embodiments, the method may
further include receiving one or more requests for system information for one or more
services in accordance with the indication without having included in the first signal a
second indication of which services system information is available. In some
embodiments, the method may further include receiving one or more requests for system
information in accordance with the indication; and identifying the system information to
be sent pertaining to different services based at least in part on transmission resources used

by the one or more requests. In some embodiments, the method may further include
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changing the indication to indicate that system information is to be transmitted via either a

broadcast or broad-beam operation or via a unicast or narrow-beam operation.

[0029] In a sixth set of illustrative examples, another apparatus for wireless
communication is described. In one configuration, the apparatus may include means for
transmitting a first signal, comprising a system information block and including a first
indication of whether system information is to be requested by a user equipment (UE) and
a second indication of at least one of a channel, a frequency, or timing information for
sending, by the UE, a request for the system information; means for receiving, at the base
station, the request from the UE for the system information; means for transmitting the
system information in accordance with the first indication and the request, wherein the
system information associated with functions available to the UE, wherein separate
transmissions are used to transmit the system information for different functions and
different configurations of functions; and means for establishing a connection between the
base station and the UE in accordance with the received system information. In some
examples, the apparatus may further include means for implementing one or more aspects
of the method for wireless communication described above with respect to the fifth set of

illustrative examples.

[0030] In a seventh set of illustrative examples, another apparatus for wireless
communication is described. In one configuration, the apparatus may include a processor,
memory in electronic communication with the processor, and instructions stored in the
memory. In some examples, the instructions may also be executable by the processor to
implement one or more aspects of the method for wireless communication described above

with respect to the fifth set of illustrative examples.

[0031] In an eighth set of illustrative examples, another non-transitory computer-
readable medium storing computer-executable code for wireless communication is
described. In some examples, the code may also be used to implement one or more aspects
of the method for wireless communication described above with respect to the fifth set of

illustrative examples.

[0032] The foregoing has outlined rather broadly the features and technical advantages
of examples according to the disclosure in order that the detailed description that follows
may be better understood. Additional features and advantages will be described

hereinafter. The conception and specific examples disclosed may be readily utilized as a
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basis for modifying or designing other structures for carrying out the same purposes of the
present disclosure. Such equivalent constructions do not depart from the scope of the
appended claims. Characteristics of the concepts disclosed herein, both their organization
and method of operation, together with associated advantages will be better understood
from the following description when considered in connection with the accompanying
figures. Each of the figures is provided for the purpose of illustration and description only,
and not as a definition of the limits of the claims. Additionally throughout the specification
and the claims that follow, unless the context requires otherwise, the words “comprise” and
“include” and variations such as “comprising” and “including” will be understood to imply
the inclusion of a stated integer or group of integers, but not the exclusion of any other
integer or group of integers. Further the reference to any prior art in this specification is
not, and should not be taken as, an acknowledgement of any form of suggestion that such

prior art forms part of the common general knowledge.

BRIEF DESCRIPTION OF THE DRAWINGS
[0033] A further understanding of the nature and advantages of the present disclosure
may be realized by reference to the following drawings. In the appended figures, similar
components or features may have the same reference label. Further, various components
of the same type may be distinguished by following the reference label by a dash and a
second label that distinguishes among the similar components. If only the first reference
label is used in the specification, the description is applicable to any one of the similar

components having the same first reference label irrespective of the second reference label.

[0034] FIG. 1 illustrates an example of a wireless communication system in accordance

with various aspects of the present disclosure;

[0035] FIG. 2 shows an example of user equipment (UE) mobility within a wireless

communication system in accordance with various aspects of the present disclosure;

[0036] FIGs. 3A and 3B illustrate example transmission/reception timelines of a
respective first base station, second base station, third base station, fourth base station, fifth
base station, and sixth base station, in accordance with various aspects of the present

disclosure;
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[0037] FIG. 4 is a swim lane diagram illustrating transmissions of a sync signal, a master
system information block (MSIB), and another system information block (OSIB) by a base

station, in accordance with various aspects of the present disclosure;

[0038] FIG. 5 illustrates a Venn diagram of respective coverage areas for a 5G wireless
communication network, a first neighbor radio access technology (RAT; e.g., a neighbor
RAT1), a second neighbor RAT (e.g., a neighbor RAT2), and a third neighbor RAT (e.g., a

neighbor RAT3), in accordance with various aspects of the present disclosure;

[0039] FIG. 6 is a swim lane diagram illustrating transmissions of a sync signal, an
MSIB, and an OSIB by a base station, in accordance with various aspects of the present

disclosure;

[0040] FIG. 7 shows a block diagram of a UE for use in wireless communication, in

accordance with various aspects of the present disclosure;
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[0041] FIG. 8 shows a block diagram of a UE for use in wireless communication, in

accordance with various aspects of the present disclosure;

[0042] FIG. 9 shows a block diagram of a UE for use in wireless communication, in

accordance with various aspects of the present disclosure;

[0043] FIG. 10 shows a block diagram of a UE for use in wireless communication, in

accordance with various aspects of the present disclosure;

[0044] FIG. 11 shows a block diagram of a UE for use in wireless communication, in

accordance with various aspects of the present disclosure;

[0045] FIG. 12 shows a block diagram of a UE for use in wireless communication, in

accordance with various aspects of the present disclosure;

[0046] FIG. 13 shows a block diagram of a UE for use in wireless communication, in

accordance with various aspects of the present disclosure;

[0047] FIG. 14 shows a block diagram of a UE for use in wireless communication, in

accordance with various aspects of the present disclosure;

[0048] FIG. 15 shows a block diagram of a UE for use in wireless communication, in

accordance with various aspects of the present disclosure;

[0049] FIG. 16 shows a block diagram of a base station for use in wireless communication,

in accordance with various aspects of the present disclosure;

[0050] FIG. 17 shows a block diagram of a base station for use in wireless communication,

in accordance with various aspects of the present disclosure;

[0051] FIG. 18 shows a block diagram of a base station for use in wireless communication,

in accordance with various aspects of the present disclosure;

[0052] FIG. 19 shows a block diagram of a base station for use in wireless communication,

in accordance with various aspects of the present disclosure;

[0053] FIG. 20 shows a block diagram of a base station for use in wireless communication,

in accordance with various aspects of the present disclosure;
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[0054] FIG. 21 shows a block diagram of a base station for use in wireless communication,

in accordance with various aspects of the present disclosure;

[0055] FIG. 22 shows a block diagram of a base station for use in wireless communication,

in accordance with various aspects of the present disclosure;

[0056] FIG. 23 shows a block diagram of a base station for use in wireless communication,

in accordance with various aspects of the present disclosure;

[0057] FIG. 24A shows a block diagram of a base station (e.g., a base station forming part
or all of an eNB) for use in wireless communication, in accordance with various aspects of

the present disclosure;

[0058] FIG. 24B shows a block diagram of a base station (e.g., a base station forming part
or all of an eNB) for use in wireless communication, in accordance with various aspects of

the present disclosure;

[0059] FIG. 25 is a block diagram of a multiple input multiple output (MIMO)
communication system including a base station and a UE, in accordance with various aspects

of the present disclosure;

[0060] FIG. 26 is a flow chart illustrating an example of a method for wireless

communication at a UE, in accordance with various aspects of the present disclosure;

[0061] FIG. 27 is a flow chart illustrating an example of a method for wireless

communication at a UE, in accordance with various aspects of the present disclosure;

[0062] FIG. 28 is a flow chart illustrating an example of a method for wireless

communication at a UE, in accordance with various aspects of the present disclosure;

[0063] FIG. 29 is a flow chart illustrating an example of a method for wireless

communication at a base station, in accordance with various aspects of the present disclosure;

[0064] FIG. 301is a flow chart illustrating an example of a method for wireless

communication at a base station, in accordance with various aspects of the present disclosure;

[0065] FIG. 31 1s a flow chart illustrating an example of a method for wireless

communication at a base station, in accordance with various aspects of the present disclosure;
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[0066] FIG. 32 is a flow chart illustrating an example of a method for wireless

communication at a base station, in accordance with various aspects of the present disclosure;

[0067] FIG. 33 is a flow chart illustrating an example of a method for wireless

communication at a UE, in accordance with various aspects of the present disclosure;

[0068] FIG. 34 is a flow chart illustrating an example of a method for wireless

communication at a UE, in accordance with various aspects of the present disclosure;

[0069] FIG. 35 is a flow chart illustrating an example of a method for wireless

communication at a base station, in accordance with various aspects of the present disclosure;

[0070] FIG. 361s a flow chart illustrating an example of a method for wireless

communication at a base station, in accordance with various aspects of the present disclosure;

[0071] FIG. 37 is a flow chart illustrating an example of a method for wireless

communication at a UE, in accordance with various aspects of the present disclosure;

[0072] FIG. 38 is a flow chart illustrating an example of a method for wireless

communication at a UE, in accordance with various aspects of the present disclosure;

[0073] FIG. 39 is a flow chart illustrating an example of a method for wireless

communication at a base station, in accordance with various aspects of the present disclosure;

[0074] FIG. 40 is a flow chart illustrating an example of a method for wireless

communication at a base station, in accordance with various aspects of the present disclosure;

[0075] FIG. 41 is a flow chart illustrating an example of a method for wireless

communication at a UE, in accordance with various aspects of the present disclosure;

[0076] FIG. 42 is a flow chart illustrating an example of a method for wireless

communication at a UE, in accordance with various aspects of the present disclosure;

[0077] FIG. 43 is a flow chart illustrating an example of a method for wireless

communication at a base station, in accordance with various aspects of the present disclosure;

[0078] FIG. 44 is a flow chart illustrating an example of a method for wireless

communication at a base station, in accordance with various aspects of the present disclosure;
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[0079] FIG. 45 is a flow chart illustrating an example of a method for wireless
communication at a base station, in accordance with various aspects of the present disclosure;

and

[0080] FIG. 46 is a flow chart illustrating an example of a method for wireless

communication at a base station, in accordance with various aspects of the present disclosure.

DETAILED DESCRIPTION
[0081] The described features may generally be implemented in a wireless communication
system having a user equipment (UE)-centric network. A UE-centric network may be
deployed, in some cases: as a plurality of base stations in which each of one or more base
stations are associated with a number of transceivers co-located with base station servers; as a
plurality of base stations in which each of one or more base stations are associated with a
number of remote transceivers (e.g., a number of remote radio heads (RRHs) located
remotely from base station servers; as a number of zones in which each zone is defined by the
coverage area(s) of one or more cells or base stations; or as a combination thereof. A
wireless communication system having a UE-centric network may be advantageous, in some
respects, in a time-division duplex (TDD) system having a large antenna array, which large
antenna array may have limited coverage for broadcast channels (e.g., the channels that
broadcast synchronization signals and system information in a wireless communication
system having a network-centric network). As described in the present disclosure, a wireless
communication system having a UE-centric network may forego the broadcast of system
information. A wireless communication system having a UE-centric network may also be
advantageous, in some respects, because the broadcast of system information by a base

station can contribute significantly to the power consumption of the base station.

[0082] In one aspect of the disclosure, for example, a wireless network may provide
system information by either a fixed periodic broadcast or broad-beam transmission or in
response to a request by a UE. The wireless network may broadcast (or broad-beam transmit)
a synchronization signal, for example, that indicates to the UEs within a cell or zone coverage
area that system information is to be transmitted on a fixed periodic schedule, or in response
to a request sent by one or more UEs. In an “on-demand” system, wherein the UEs request

the transmission of system information, the system information may be transmitted as either a
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periodic broadcast or broad-beam transmission, as an aperiodic broadcast or broad-beam

transmission, or as an aperiodic unicast or narrow-beam transmission.

[0083] In another aspect of the disclosure, a wireless network may provide service-specific
system information. The service-specific system information may be provided as a broadcast
or upon receipt of a request from a UE. In an on-demand system, the wireless network may
broadcast (or broad-beam transmit) a synchronization signal, for example, that indicates to
the UEs within a cell or zone coverage area that service-specific system information is
available for the UEs to request. UEs may then transmit one or more requests for service-
specific system information, and may receive the system information for the identified
services. Alternatively, in a broadcast system, the wireless network may broadcast (or broad-
beam transmit) a synchronization signal, for example, that indicates to the UEs within a cell
or zone coverage area that service-specific system information is to be transmitted on a fixed
periodic schedule based on the corresponding service. Thus, a UE requiring system
information for a given service can learn from the synchronization signal the time or times
during which the UE may listen to receive the service-specific system information. Service-
specific system information may be transmitted jointly or in separate transmissions

corresponding to the service.

[0084] In another aspect of the disclosure, a wireless network may provide system
information to a UE incrementally. For example, the wireless network may transmit master
system information, followed by one or more transmissions of other system information (e.g.,
non-master system information). The master system information may include, for example,
system information that allows a UE to perform an initial access of a network. The master
system information or other system information may be broadcast, broad-beam transmitted,
unicast, or narrow-beam transmitted to a number of UEs. In some cases, the master system
information or other system information may be transmitted on a fixed periodic schedule, or
in response to a request sent by one or more UEs. In various embodiments, the master
system information and other system information may be transmitted in the same, similar, or

different ways.

[0085] In yet another aspect of the disclosure, for example, a wireless network may
indicate when system information has changed or should be updated. In this manner, a UE

need not update its stored system information every time system information is transmitted,
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but may instead update its stored system information on an “as needed” basis. A UE may
also initiate an update of its stored system information upon the occurrence of one or more
events, such as: a determination that the UE has moved a certain distance since last updating

its stored system information, or a determination that the UE has moved into a new zone.

[0086] Techniques described herein may be used for various wireless communication
systems such as code-division multiple access (CDMA) systems, time-division multiple
access (TDMA) systems, frequency-division multiple access (FDMA) systems, orthogonal
frequency-division multiple access (OFDMA) systems, and single carrier frequency-division
multiple access (SC-FDMA) systems, and other systems. The terms “system” and “network”
are often used interchangeably. A CDMA system may implement a radio technology such as
CDMAZ2000, Universal Terrestrial Radio Access (UTRA), efc. CDMA2000 covers IS-2000,
IS-95, and IS-856 standards. IS-2000 Releases O and A are commonly referred to as
CDMA2000 1X, 1X, efc. 1S-856 (TIA-856) is commonly referred to as CDMA2000 1xEV-
DO, High Rate Packet Data (HRPD), efc. UTRA includes Wideband CDMA (WCDMA) and
other variants of CDMA. A TDMA system may implement a radio technology such as
Global System for Mobile Communications (GSM). An OFDMA system may implement a
radio technology such as Ultra Mobile Broadband (UMB), Evolved UTRA (E-UTRA), IEEE
802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM™ , efc. UTRA and E-
UTRA are part of Universal Mobile Telecommunication System (UMTS). Long Term
Evolution (LTE) and LTE-Advanced (LTE-A) are newer releases of UMTS that use E-
UTRA. UTRA, E-UTRA, UMTS, LTE, LTE-A, and GSM are described in documents from
an organization named “3rd Generation Partnership Project” (3GPP). CDMA2000 and UMB
are described in documents from an organization named “3rd Generation Partnership Project
2” (3GPP2). The techniques described herein may be used for the systems and radio
technologies mentioned above as well as other systems and radio technologies, including
cellular (e.g., LTE) communications over a shared radio frequency spectrum band. The
description below, however, describes an LTE/LTE-A system for purposes of example, and
LTE terminology is used in much of the description below, although the techniques are
applicable beyond LTE/LTE-A applications (e.g., to 5G networks or other next generation

communication systems).
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[0087] The following description provides examples, and is not limiting of the scope,
applicability, or examples set forth in the claims. Changes may be made in the function and
arrangement of elements discussed without departing from the scope of the disclosure.
Various examples may omit, substitute, or add various procedures or components as
appropriate. For instance, the methods described may be performed in an order different
from that described, and various steps may be added, omitted, or combined. Also, features

described with respect to some examples may be combined in other examples.

[0088] FIG. 1 illustrates an example of a wireless communication system 100 in
accordance with various aspects of the present disclosure. The wireless communication
system 100 may include one or more base stations 105, one or more UEs 115, and a core
network 130. The core network 130 may provide user authentication, access authorization,
tracking, internet protocol (IP) connectivity, and other access, routing, or mobility functions.
The base stations 105 may interface with the core network 130 through backhaul links 132
(e.g., S1, etc.). The base stations 105 may perform radio configuration and scheduling for
communication with the UEs 115, or may operate under the control of a base station
controller (not shown). In various examples, the base stations 105 may communicate, either
directly or indirectly (e.g., through core network 130), with one another over backhaul links

134 (e.g., X1, etc.), which may be wired or wireless communication links.

[0089] The base stations 105 may wirelessly communicate with the UEs 115 via one or
more antennas. In some examples, the one or more antennas may include one or more base
station antennas (and transceivers) co-located with base station servers and/or one or more
RRH antennas (and transceivers) located remotely from base station servers. Each of the
base stations 105 may provide communication coverage for a respective geographic coverage
area 110. In some examples, base stations 105 may be referred to as a base transceiver
station, a radio base station, an access point, a radio transceiver, a NodeB, eNodeB (eNB),
Home NodeB (HNB), a Home eNodeB, or some other suitable terminology. The geographic
coverage area 110 for a base station 105 may be divided into sectors making up only a
portion of the coverage area (not shown). The geographic coverage area(s) 110 of for one or
more base stations 105 may define a zone of the wireless communication system 100. The

wireless communication system 100 may include base stations 105 of different types (e.g.,
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macro or small cell base stations). There may be overlapping geographic coverage areas 110

for different technologies.

[0090] In some examples, the wireless communication system 100 may be or include an
LTE or LTE-A network. The wireless communication system 100 may also be or include a
next generation network, such as a 5G wireless communication network. In LTE/LTE-A and
5G networks, the term evolved node B (eNB) may be generally used to describe the base
stations 105, while the term UE may be generally used to describe the UEs 115. The wireless
communication system 100 may be a heterogeneous LTE/LTE-A or 5G network in which
different types of eNBs provide coverage for various geographical regions. For example,
each eNB or base station 105 may provide communication coverage for a macro cell, a small
cell, or other types of cell. The term “cell” is a 3GPP term that can be used to describe a base
station, a carrier or component carrier associated with a base station, or a coverage area (e.g.,

sector, efc.) of a carrier or base station, depending on context.

[0091] A macro cell may generally cover a relatively large geographic area (e.g., several
kilometers in radius) and may allow unrestricted access by UEs 115 with service
subscriptions with the network provider. A small cell may include a lower-powered base
station, as compared with a macro cell, that may operate in the same or different (e.g.,
licensed, unlicensed, efc.) frequency bands as macro cells. Small cells may include pico
cells, femto cells, and micro cells according to various examples. A pico cell, for example,
may cover a small geographic area and may allow unrestricted access by UEs 115 with
service subscriptions with the network provider. A femto cell may also cover a small
geographic area (e.g., a home) and may provide restricted access by UEs 115 having an
association with the femto cell (e.g., UEs 115 in a closed subscriber group (CSG), UEs 115
for users in the home, and the like). An eNB for a macro cell may be referred to as a macro
eNB. An eNB for a small cell may be referred to as a small cell eNB, a pico eNB, a femto
eNB, or a home eNB. An eNB may support one or multiple (e.g., two, three, four, and the
like) cells.

[0092] The communication networks that may accommodate some of the various disclosed
examples may be packet-based networks that operate according to a layered protocol stack
and data in the user plane may be based on the IP. A radio link control (RLC) layer may

perform packet segmentation and reassembly to communicate over logical channels. A MAC
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layer may perform priority handling and multiplexing of logical channels into transport
channels. The MAC layer may also use HARQ to provide retransmission at the MAC layer
to improve link efficiency. In the control plane, the radio resource control (RRC) protocol
layer may provide establishment, configuration, and maintenance of an RRC connection
between a UE 115 and the base stations 105. The RRC protocol layer may also be used for
core network 130 support of radio bearers for the user plane data. At the physical (PHY)

layer, the transport channels may be mapped to physical channels.

[0093] The UEs 115 may be dispersed throughout the wireless communication system 100,
and each UE 115 may be stationary or mobile. A UE 115 may also include or be referred to
by those skilled in the art as a mobile station, a subscriber station, a mobile unit, a subscriber
unit, a wireless unit, a remote unit, a mobile device, a wireless device, a wireless
communications device, a remote device, a mobile subscriber station, an access terminal, a
mobile terminal, a wireless terminal, a remote terminal, a handset, a user agent, a mobile
client, a client, or some other suitable terminology. A UE 115 may be a cellular phone, a
smart phone, a personal digital assistant (PDA), a wireless modem, a wireless communication
device, a handheld device, a tablet computer, a laptop computer, a cordless phone, a wireless
local loop (WLL) station, a data card, a Universal Serial Bus (USB) dongle, a wireless router,
efc.. A UE 115 may be able to communicate with various types of base stations and network
equipment including macro eNBs, small cell eNBs, relay base stations, and the like. As a UE
115 moves within the wireless communication system 100, the UE 115 may move from cell
to cell or from zone to zone (with a zone including one or more cells). When the wireless
communication system 100 is deployed as a UE-centric network, a UE 115 may move from
cell to cell within a zone without a physical channel reconfiguration, with the network
providing data transfer services via the same radio resources despite a change in the UE’s

serving cell.

[0094] The wireless communication links 125 shown in wireless communication system
100 may carry uplink (UL) transmissions from a UE 115 to a base station 105, or downlink
(DL) transmissions, from a base station 105 to a UE 115. The downlink transmissions may
also be called forward link transmissions while the uplink transmissions may also be called
reverse link transmissions. Each of the wireless communication links 125 may include one or

more carriers, where each carrier may be a signal made up of multiple sub-carriers (e.g.,
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waveform signals of different frequencies) modulated according to the various radio
technologies described above. Each modulated signal may be sent on a different sub-carrier
and may carry control information (e.g., reference signals, control channels, efc.), overhead
information, user data, efc. The wireless communication links 125 may transmit bidirectional
communications using frequency division duplex (FDD) (e.g., using paired spectrum
resources) or TDD operation (e.g., using unpaired spectrum resources). Frame structures

may be defined for FDD (e.g., frame structure type 1) and TDD (e.g., frame structure type 2).

[0095] In some embodiments of the wireless communication system 100, base stations 105
or UEs 115 may include multiple antennas for employing antenna diversity schemes to
improve communication quality and reliability between base stations 105 and UEs 115.
Additionally or alternatively, base stations 105 or UEs 115 may employ multiple input
multiple output (MIMO) techniques (e.g., any MIMO but not massive MIMO (e.g. multi-
antenna MIMO and multi-user MIMO) techniques or massive MIMO techniques) that may
take advantage of multi-path environments to transmit multiple spatial layers carrying the

same or different coded data.

[0096] Wireless communication system 100 may support operation on multiple cells or
carriers, a feature which may be referred to as carrier aggregation (CA) or multi-carrier

operation. A carrier may also be referred to as a component carrier (CC), a layer, a channel,

29 CC 2%

efc. The terms “carrier,” “component carrier,” “cell,” and “channel” may be used
interchangeably herein. A UE 115 may be configured with multiple downlink CCs and one
or more uplink CCs for carrier aggregation. Carrier aggregation may be used with both FDD

and TDD component carriers.

[0097] In some embodiments of the wireless communication system 100, the wireless
communication system 100 may have a UE-centric network. On the network side, the base
stations 105 may broadcast a periodic synchronization (sync) signal. The UEs 115 may
receive the sync signal, acquire a timing of the network from the sync signal, and in response
to acquiring the timing of the network, transmit a pilot signal. The pilot signal transmitted by
a UE 115 may be concurrently receivable by a plurality of cells (e.g., base stations 105)
within the network. Each of the plurality of cells may measure a strength of the pilot signal,
and the network (e.g., one or more of the base stations 105, each in communication with the

UE 115 via one or more centrally-located transceivers and/or RRHs, and/or a central node
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within the core network 130) may determine a serving cell for the UE 115. As the UE 115
continues to transmit a pilot signal, the network may handover the UE 115 from one serving
cell to another, with or without informing the UE 115. System information (SI) may be
transmitted to the UEs 115 in a broadcast mode (e.g., where a base station 105 transmits SI
regardless of whether the SI is requested or needed by any UE 115 within the coverage area
110 of the base station 105) or in an on-demand mode (e.g., where a base station 105
transmits SI in response to receiving a request for SI from one or more UEs 115, which
request may be included in, or be, the pilot signal of a UE 115). When transmitting SIin an
on-demand mode, a base station 105 may forego the broadcast of SI, which may conserve

power.

[0098] FIG. 2 shows an example of UE mobility within a wireless communication system
200 in accordance with various aspects of the present disclosure. More particularly, FIG. 2
shows a UE 115-a as it moves to various points (e.g., point A, point B, and point C) within
the coverage areas 110-a and 110-b of respective first and second base stations 105-a and
105-b. In some examples, the UE 115-a may be an example of one or more aspects of the
UEs 115 described with reference to FIG. 1, and the first and second base stations 105-a and
105-b may be examples of one or more aspects of the base stations 105 described with

reference to FIG. 1.

[0099] By way of example, the UE 115-a may be powered on within the coverage area
110-a of the first base station 105-a and may perform an initial acquisition of SI within the
coverage area 110-a of the first base station 105-a. In some examples, the UE 115-a may
perform an initial acquisition of SI by receiving an instance of a periodic sync signal from the
first base station 105-a; determining, from the sync signal, where and when to listen for a
broadcast of SI by the first base station 105-a; and then listening for and receiving the SI
broadcast by the first base station 105-a. In other examples, the UE 115-a may perform an
initial acquisition of SI by receiving an instance of a periodic sync signal from the first base
station 105-a; determining, from the sync signal, where and when to listen for a broadcast of
SI by the first base station 105-a and, in some cases, where and when to transmit a request for
SI; transmitting a request for SI; and then listening for and receiving the SI broadcast by the
first base station 105-a. In still other examples, the UE 115-a may perform an initial

acquisition of service-specific SI by determining from a periodic sync signal received from
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the first base station 105-a that service-specific SI is available to receive either via broadcast
or via request, and then either listening for the service-specific SI or requesting the service-

specific SI.

[0100] While still at point A, the UE 115-a may determine to reacquire SI based on the
expiration of dynamic SI, or based on an elapsed time since last acquiring SI. The UE 115-a
may also reacquire SI, at point A, after receiving an instance of a sync signal indicating that

ST has changed. In other embodiments, the UE 115-a may not reacquire SI at point A.

[0101] Upon moving from point A to point B, the UE 115-a may determine to reacquire SI.
The UE 115-a may determine to reacquire SI, for example, based on its movement, based on
the distance between point A and point B, based on the expiration of dynamic SI, or based on
an elapsed time since last acquiring SI. The UE 115-a may also reacquire SI, at point B, after
receiving an instance of a sync signal indicating that SI has changed. In other embodiments,

the UE 115-a may not reacquire SI at point B.

[0102] Upon moving from point B to point C, and into the coverage area 110-b of the
second base station 105-b, the UE 115-a may perform an initial acquisition of SI from the
second base station 105-b. In other embodiments, the UE 115-a need not acquire SI from the
second base station 105-b unless one of the reasons for reacquiring SI at point B arises. In
some cases, SI may not be acquired at the coverage area 110-b because the first coverage area
110-a and the second coverage area 110-b are configured to operate as members of a

common zone, such that data transfer services for the UE 115-a are provided by the network.

[0103] FIG. 2 illustrates that SI may be acquired during various UE mobility states, and for
various reasons. For example, SI may be acquired when a UE is unattached to a network
(e.g., as part of an initial acquisition of SI). SI may also be acquired after a UE attaches to a
network and while the UE is stationary (e.g., because a timer or SI has expired, or because
the network has indicated (e.g., in an instance of a sync signal or in a paging message) that SI
has changed). SI may also be acquired after a UE attaches to a network and while the UE is
mobile (e.g., for any of the reasons that SI is reacquired while the UE is stationary, because
the UE has moved to a new location, because the UE has moved a certain distance from a
previous location at which SI was acquired, or because the UE has moved to a coverage area

of a new base station or cell).
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[0104] FIG. 3A and FIG. 3B illustrate example transmission/reception timelines 305, 320,
335, 350, 365, and 380 of a respective first base station, second base station, third base
station, fourth base station, fifth base station, and sixth base station, in accordance with
various aspects of the present disclosure. The transmissions of the base stations may be
received by one or more UEs and used, by the UE(s), during initial SI acquisition (e.g., SI
acquisition during system selection or mobility to a new cell or zone) or an SI change
acquisition (e.g., upon a change of SI, or upon expiration of dynamic SI). In some examples,
the base stations may belong to respective different cells or zones of a wireless
communication system, such as different cells or zones of the wireless communication
system 100 or 200 described with reference to FIGs. 1 or 2. In some examples, the first base
station, second base station, third base station, fourth base station, fifth base station, and sixth
base station may be examples of one or more aspects of the base stations 105 described with

reference to FIG. 1.

[0105] As shown in FIGs. 3A and 3B, each of the base stations may transmit a periodic
sync signal (Sync) 310, 325, 340, 355, 370, or 385. In the examples of FIG. 3A, each of the
base stations also transmits a periodic or on-demand master system information block
(MSIB) 315, 330, 342, or 358. In some cases, an instance of a sync signal and an instance of
an MSIB, together, may provide information equivalent to the information included in an
LTE/LTE-A master information block (MIB), system information block 1 (SIB1), and SIB2.
In the examples of FIG. 3B, each of the base stations transmits a service-specific SIB 375,

390.

[0106] In some embodiments, a sync signal transmitted by a base station may be common
(e.g., non-cell-specific) to a plurality of cells within an access network (e.g., to a plurality of
cells within a zone), and may be broadcast from each of the cells in the plurality of cells (e.g.,
from each of a plurality of base stations in the cells) in a single frequency network (SFN)
manner. The sync signal need not include a cell identifier. In some embodiments, the sync
signal may have a relatively short duration or be transmitted relatively infrequently. For
example, the sync signal may have a duration of one symbol and be transmitted once every
ten seconds. In other examples, the sync signal may be transmitted more frequently, such as
once per radio frame. In some embodiments, an instance of a sync signal may carry a few

bits of information. More particularly, and in some embodiments, an instance of a sync
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signal may include information such as: information that a UE may use to determine whether
to request a subsequently transmitted MSIB, information that a UE may use to determine
where and when to request the subsequently transmitted MSIB (e.g., frequency and timing
information for transmitting an MSIB transmission request), information that a UE may use
to determine where and when the subsequently transmitted MSIB may be received (e.g.,
channel, frequency, and/or timing information), information that indicates when an MSIB has
changed, or information that a UE may use to distinguish the cell or zone transmitting the
sync signal from one or more other cells or zones (e.g., from neighboring cells or zones). In
some embodiments, an instance of a sync signal may include information that a UE may use
to determine whether to request subsequently transmitted service-specific SIB, information
that a UE may use to determine where and when to request the subsequently transmitted
service-specific SIB (e.g., frequency and timing information for transmitting a service-
specific SIB transmission request), or information that a UE may use to determine where and
when the subsequently transmitted service-specific SIB may be received (e.g., channel,

frequency, and/or timing information).

[0107] In some embodiments, a sync signal may indicate a PHY layer channel on which an
MSIB or service-specific SIB transmission request is to be transmitted, or indicate a special
PHY layer channel for the transmission of an MSIB or service-specific SIB transmission
request under certain conditions. In some cases, a sync signal may also indicate how to
transmit an MSIB or service-specific SIB transmission request (e.g., a format to be used
when transmitting an MSIB or service-specific SIB transmission request), or how to transmit
an MSIB or service-specific SIB transmission request under certain conditions. In other
embodiments, a sync signal may specify fewer parameters for the transmission of an MSIB or
service-specific SIB transmission request. However, this may necessitate the base station
listening for MSIB or service-specific SIB transmission requests under more conditions (or

always), which may impact UE relay energy efficiency.

[0108] A UE may receive an instance of a sync signal and acquire a timing of an access
network based on the sync signal. In response to acquiring the timing of the access network,
the UE may transmit a pilot signal. The pilot signal may be concurrently receivable by a
plurality of cells within the access network (e.g., by a plurality of cells within a zone of the

access network). In some embodiments, the pilot signal may include a spatial signature (e.g.,



10

15

20

25

30

WO 2016/130353 PCT/US2016/015990
25

a sounding reference signal (SRS)). In some embodiments, the pilot signal may be
transmitted in an MSIB transmission request occasion indicated by an instance of the sync
signal. In some embodiments, the pilot signal may be transmitted with a pre-determined
random sequence or a random sequence generated by the UE, which random sequence may
be used by the access network (e.g., a base station of the network) to temporarily identify the
UE during an initial acquisition procedure. In some embodiments, the pilot signal may be or

include the MSIB transmission request.

[0109] An MSIB 315, 330, 342, or 358 may indicate where and when a UE may establish a
connection with an access network. An MSIB may include information such as: information
identifying an access network, cell, or zone; information indicating whether a UE is allowed
to (or should) use the access network; or information indicating how a UE may use the access
network (e.g., information indicating how a UE may use the access network when the UE
powers up, or when the UE moves to a new cell or zone after detecting an out-of-service
(OoS) or radio link failure (RLF) event). The information identifying an access network,

cell, or zone may include a public land mobile network (PLMN) identifier (ID), a tracking
area code (TAC), a cell identifier (cell ID), or a zone identifier (zone ID). The information
indicating whether a UE is allowed to (or should) use the access network may include system
selection or access restriction information for a cell or zone (e.g., radio quality information,
congestion avoidance information, or closed subscriber group (CSG) information). The
information indicating how a UE may use the access network may include access
configuration information (e.g., random access channel (RACH) information, or UE-timers
and constants information). The MSIB may also include PHY layer configuration
information such as: physical random access channel (PRACH) information, physical
downlink shared channel (PDSCH) information, physical downlink control channel
(PDCCH) information, physical uplink shared channel (PUSCH) information, physical uplink
control channel (PUCCH) information, and SRS information, or other information usable to

access a PHY layer of the wireless communication system.

[0110] A service-specific SIB 375, 390 may indicate where and when a UE may establish a
connection with an access network for a specific service. Specific services may include, for
example, an energy efficient service, a high reliability service, a low latency service, a

broadcast service, or a small data service. These services may require additional SI (e.g., SI
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that is not included in an MSIB) in order to allow the UE to access the network. For
example, a multimedia broadcast multicast service (MBMS) in LTE may have additional
configuration information in SIB13 that is related to accessing an MBMS. Additionally, as
radio access technologies evolve, it may be desirable to not only enable the transmission of
additional SI for specific services, but to also enable the transmission of different
configurations of the same service-specific SI for improving performance of the different
services. The additional service-specific SI may include, for example, information on
identifying the access network and cell (e.g., PLMN ID, TAC, or cell ID). The additional
service-specific SI may also include information and access restrictions for a cell (including
radio quality, congestion avoidance, CSG). The additional service-specific SI may further
include information on access configuration (RACH, UE-timers and constraints and other 5G

network equivalents).

[0111] For example, a service-specific SIB may include information to enable more
efficient access configurations and longer validity timers for SI in a wide area network
(WAN) internet of everything (IOE) where lower power operations may be desirable as IOE
devices may not connect with the network until after long sleep periods. Additionally,
services such as WAN IOE may include different information in an MSIB to avoid requiring

an IOE device to read additional SI.

[0112] Turning now to the transmission/reception timeline 305 of the first base station (in
FIG. 3A), the first base station may transmit a periodic sync signal 310 as previously
described. Upon receiving an instance of the sync signal, a UE needing to perform initial
acquisition may identify an access network associated with the first base station (and in some
cases, information to differentiate the first base station, its cell, or its zone from other base
stations, cells, or zones); determine whether the UE can (or should) acquire SI of the access
network; and determine how the UE can acquire SI of the access network. When determining
how the UE can acquire SI of the access network, the UE may determine, via signaling
associated with the sync signal, that the first base station transmits an MSIB 315 in a
broadcast (or broad-beam) transmission mode with fixed periodic signaling. The UE may
also identity, from the sync signal, a time for receiving the MSIB transmission. A UE that
does not need to perform initial acquisition may determine, from the sync signal, whether it

has moved to a new cell or new zone. When a UE determines that it has moved to a new cell
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or new zone, the UE may use information included in the sync signal to acquire new or

updated SI from the new cell or new zone.

[0113] With reference to the transmission/reception timeline 320 of the second base station
(of FIG. 3A), the second base station may transmit a periodic sync signal 325 as previously
described. Upon receiving an instance of the sync signal, a UE needing to perform initial
acquisition may identify an access network associated with the second base station (and in
some cases, information to differentiate the second base station, its cell, or its zone from other
base stations, cells, or zones); determine whether the UE can (or should) acquire SI of the
access network; and determine how the UE can acquire SI of the access network. When
determining how the UE can acquire the SI of access network, the UE may determine, via
signaling associated with the sync signal, that the second base station transmits an MSIB 330
in an on-demand broadcast (or broad-beam) transmission mode with periodic signaling (i.e.,
that the second base station will start a broadcast (or broad-beam) transmission of the MSIB,
with a periodic scheduling, upon receiving an MSIB transmission request signal 332 from the
UE). The UE may also identify, from the sync signal, where and when to transmit the MSIB
transmission request, and a time for receiving the MSIB transmission. A UE that does not
need to perform initial acquisition may determine, from the sync signal, whether it has moved
to a new cell or new zone. When a UE determines that it has moved to a new cell or new
zone, the UE may use information included in the sync signal to acquire new or updated SI

from the new cell or new zone.

[0114] With reference to the transmission/reception timeline 335 of the third base station
(of FIG. 3A), the third base station may transmit a periodic sync signal 340 as previously
described. Upon receiving an instance of the sync signal, a UE needing to perform initial
acquisition may identify an access network associated with the third base station (and in some
cases, information to differentiate the third base station, its cell, or its zone from other base
stations, cells, or zones); determine whether the UE can (or should) acquire SI of the access
network; and determine how the UE can acquire SI of the access network. When determining
how the UE can acquire SI of the access network, the UE may determine, via signaling
associated with the sync signal, that the third base station transmits an MSIB 342 in an on-
demand broadcast (or broad-beam) transmission mode with aperiodic signaling (i.e., that the

third base station will schedule a broadcast (or broad-beam) transmission of the MSIB upon
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receiving an MSIB transmission request signal 345 from the UE, and that the UE may
monitor a scheduling channel (e.g., a PDCCH) for scheduling information (Sched.) 348 to
determine when the MSIB will be transmitted). The UE may also identify, from the sync
signal, where and when to transmit the MSIB transmission request. A UE that does not need
to perform initial acquisition may determine, from the sync signal, whether it has moved to a
new cell or new zone. When a UE determines that it has moved to a new cell or new zone,
the UE may use information included in the sync signal to acquire new or updated SI from

the new cell or new zone.

[0115] With reference to the transmission/reception timeline 350 of the fourth base station
(of FIG. 3A), the fourth base station may transmit a periodic sync signal 355 as previously
described. Upon receiving an instance of the sync signal, a UE needing to perform initial
acquisition may identify an access network associated with the fourth base station (and in
some cases, information to differentiate the fourth base station, its cell, or its zone from other
base stations, cells, or zones); determine whether the UE can (or should) acquire SI of the
access network; and determine how the UE can acquire SI of the access network. When
determining how the UE can acquire SI of the access network, the UE may determine, via
signaling associated with the sync signal, that the fourth base station transmits an MSIB 358
in a unicast (or narrow-beam) transmission mode (i.e., that the fourth base station will
schedule a unicast (or narrow-beam) transmission of the MSIB upon receiving an MSIB
transmission request signal 360 from the UE, and that the UE may monitor a scheduling
channel (e.g., a PDCCH) for scheduling information (Sched.) 362 to determine when the
MSIB will be transmitted). The UE may also identify, from the sync signal, where and when
to transmit the MSIB transmission request. A UE that does not need to perform initial
acquisition may determine, from the sync signal, whether it has moved to a new cell or new
zone. When a UE determines that it has moved to a new cell or new zone, the UE may use
information included in the sync signal to acquire new or updated SI from the new cell or

new zone.

[0116] In each of the transmission/reception timelines 305, 320, 335, and 350 shown in
FIG. 3A, the base station transmits an MSIB 315, 330, 342, or 358. A UE may receive the
MSIB, in some examples, by monitoring a System Information-Radio Network Temporary

Identifier (SI-RNTI) on a common physical control channel (e.g., a PDCCH), decoding a
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downlink assignment message associated with the SI-RNTI, and receiving the MSIB on a
shared channel (e.g., a PDSCH) according to information contained in the downlink
assignment message. Alternatively, when a Radio Network Temporary Identifier (RNTI;
e.g., a cell-RNTI (C-RNTI) or zone-RNTI (Z-RNTI)) is assigned for the UE, the UE may
monitor the RNTI on a common physical control channel (e.g., a PDCCH), decode a
downlink assignment message associated with the RNTI, and receive the MSIB on a shared
channel (e.g., a PDSCH) according to information contained in the downlink assignment
message. In another alternative, the UE may monitor an SI-RNTT in order to receive
broadcast SI, while the UE may also use an RNTI dedicatedly allocated for the UE (e.g., C-
RNTT or zone RNTI) to receive unicast SI.

[0117] When camped on a cell, a UE may decode at least a portion of each instance of the
periodic sync signal transmitted by the cell, to determine whether information included in the
MSIB has changed. Alternatively, the UE may decode at least a portion of every Nth
instance of the periodic sync signal, or may decode at least a portion of an instance of the
periodic sync signal upon the occurrence of one or more events. The decoded portion of a
subsequent instance of the sync signal may include information (e.g., a modification flag or
value tag) which may be set to indicate whether SI for the cell has changed. Upon
determining that SI for the cell has changed (e.g., after receiving the instance 310-a of the
sync signal 310 in transmission/reception timeline 305), the UE may request and/or receive

an MSIB (e.g., MSIB 315-a) with the changed SI.

[0118] As a UE moves within the coverage area of a wireless communication system, the
UE may detect sync signals of different cells (or zones), such as the sync signals of the
different cells (or coverage areas 110, 110-a, 110-b or zones) described with reference to
FIGs. 1 or 2, or the different cells (or base stations or zones) described with reference to FIG.
3A. Upon detecting a sync signal of a cell or zone, a UE may compare a cell global identity
(CGI) (or base station identity code (BSIC) or zone identity) corresponding to a cell (or base
station or zone) for which the UE last acquired SI to a CGI (or BSIC or zone identity)
associated with the sync signal, to determine whether the UE has detected a new sync signal

(e.g., a sync signal of a different cell, base station, or zone).

[0119] An on-demand transmission of an MSIB may be initiated by a UE (e.g., during

initial access) or by an access network (e.g., when information included in the MSIB changes,
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or when a dedicated SIB is transmitted). In some cases, a base station transmitting and
receiving signals in accord with one of the transmission/reception timelines 305, 320, 335, or
350 may switch transmission/reception modes, and thereby switch from one of the
transmission/reception timelines to another of the transmission/reception timelines. The
switch may be made, for example, based on network loading or congestion status. In some
embodiments, a base station may also or alternatively switch between an “on-demand unicast
(or narrow-beam)” mode and an “always-on broadcast (or broad-beam)” mode for MSIB
transmissions. In some examples, a base station may signal the mode or modes under which

it is operating in its periodic sync signal.

[0120] Turning now to the transmission/reception timeline 365 of the fifth base station (of
FIG. 3B), the fifth base station may transmit a service-specific periodic sync signal 370. The
service-specific periodic sync signal 370 may be an example of one of the sync signals 310,
325, 340, 355, except that the service-specific periodic sync signal 370 may include an
indication that service-specific SIis available. The service-specific periodic sync signal 370
may also include information as to which services the service-specific SI is available.
Additionally, the service-specific periodic sync signal 370 may include information regarding
a schedule for when the service-specific SI for different services may be requested or
transmitted. As an example, certain service-specific SI may not be sent in every sync signal
period. A synchronized MBMS service may only require that the service-specific SIB be
transmitted on the order of seconds, for example, and thus may not be available during every
sync signal period. Upon receiving an instance of the sync signal, a UE may determine that
the UE has need for one or more of the available service-specific SI. In accordance with the
service-specific periodic sync signal 370, the UE may transmit a SIB transmit (Tx) request
372. The UE may transmit a SIB Tx request 372-a for transmission of SI pertaining to a
specific service (e.g., service 1), and may subsequently transmit a SIB Tx request 372-b for
transmission of SI pertaining to a different specific service (e.g., service 2). In response to
the receipt of the SIB Tx requests 372, one or more base stations may transmit service-
specific SIBs 375 to the UE. The fifth base station may transmit a service-specific SIB 375-a
in response to the SIB Tx request 372-a, and may also transmit a service-specific SIB 375-b
in response to the SIB Tx request 372-b. Alternatively, the fifth base station may broadcast
the service-specific SIBs 375 without waiting for a SIB Tx request 372. In this alternative,
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the service-specific periodic sync signal 370 may indicate when and on what resources a UE

may listen to receive the service-specific SIBs 375.

[0121] With reference to the transmission/reception timeline 380 of the sixth base station
(of FIG. 3B), the sixth base station may transmit a service-specific periodic sync signal 385.
The service-specific periodic sync signal 385 may be an example of one of the sync signals
310, 325, 340, 355, except that the service-specific periodic sync signal 385 may include an
indication that service-specific SI is available. However, the service-specific periodic sync
signal 385 may not indicate the actual services for which Sl is available. Instead, in the
transmission/reception timeline 380, the UE is required to explicitly identify in a SIB Tx
request 388 the services for which SIis desired. The service-specific sync signal 385 may
include information regarding when and on what resources the UE may transmit its SIB Tx
request 388. Thus, upon receiving an instance of the sync signal, a UE may determine that
the UE has need for one or more of the available service-specific SI. In accordance with the
service-specific periodic sync signal 385, the UE may transmit a SIB Tx request 388 that
identifies the requested SI. In response to the receipt of the SIB Tx request 388, the sixth
base station may transmit service-specific SIBs 390 to the UE. The service-specific SIBs 390
may be transmitted together, or jointly, in a single transmission, or may be transmitted

separately.

[0122] Based on the services indicated in either the service-specific periodic sync signals
370, 385 or the SIB Tx requests 372, 388, a base station may transmit service-specific SIBs
375, 390 to the UE. The service-specific SIBs 375, 390 may include a service-specific
configuration such as SI parameters specifically configured to improve the service or meet
service requirements. For example, service-specific configurations may include validity
timers or SI reading requirements that require an IOE device to reacquire SI after the IOE
device awakens from a power saving mode (PSM) or deep sleep. For example, an IOE
device may acquire SI having a particular value tag and then may transition into a PSM for an
extended period of time (as a result of the device being an IOE device, for example). By the
time the IOE device awakens, the SI may have changed more than once. In fact, it may even
be possible that the SI will have changed a number of times equal to a number of values
usable for SI value tags, meaning that the ST acquired by the IOE device may, coincidentally,

have the same value tag as an SI detected by the IOE device when the IOE device awakens.
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If the TOE device relies on SI value tags to determine whether the IOE device is to acquire
updated SI, the IOE device may determine that no new Sl is to be acquired. However,
validity timers or SI reading requirements may be used to ensure that the IOE device acquires
updated SI, even if an SI value tag would indicate otherwise. For example, the validity
timers or SI reading requirements may require that an IOE device reacquire SI after the
expiration of a specified time, which may, in one example, be equal to the PSM time for the
IOE device. Alternatively, a validity timer may be received as part of a service-specific
configuration of service-specific SIB 375, 390. In this case, the validity timer may be set to a
time duration which requires the IOE device to re-acquire SI at least once during each SI
value tag wrap-around. Thus, if an operator changes the SI every ten minutes, and the SI
value tag range is from 0-31, then the validity timer may be set to 320 minutes. The validity
timer may be based on other factors as well. The validity timer or SI reading requirements
may be conveyed to the IOE device as part of a service-specific configuration in service-

specific SIBs 375, 390.

[0123] As an example, in some LTE standards, a UE may consider stored SI to be invalid
after three hours from the moment the SI was confirmed to be valid. While certain
exceptions may apply in LTE (for example, csg-PhysCellldRange, though this exception is
due to the fact that updated SI may not be available if the UE is not camped on a CSG cell),
the three-hour requirement may not be appropriate for many devices, including IOE devices
that may either enter a PSM or where the SI value tags cycle through at different frequencies.
Therefore, for WAN IOE devices, the validity timer may be extended or reduced for SI that is
related to the WAN IOE network.

[0124] The service-specific SIBs 375, 390 may also include service-specific information
such as service-specific parameters like those defined for MBMS. For a WAN IOE device, a
service-specific configuration may be included in a single SIB so that the IOE device need

not transmit multiple requests to incrementally receive any necessary SI.

[0125] Additionally, when multiple service-specific SIs are supported corresponding to
multiple services, a network may use different transmission modes to support the
transmission of SI for each service. Thus, and for example, a WAN IOE SI may be

periodically broadcast, whereas nominal SI may be sent on-demand.



10

15

20

25

30

WO 2016/130353 PCT/US2016/015990
33

[0126] In the on-demand scenario, if a UE requests SI for more than one service in the SIB
Tx requests 372, 388, the responding base station may either provide separate SI for each
service or provide a common SI for all the desired services, where, for example, the base
station may apply the most stringent configuration value for a parameter based on the service

requirements for each requested service.

[0127] In addition to a periodic or on-demand MSIB, a base station may transmit one or
more periodic or on-demand other SIBs (OSIBs). An OSIB may include information
equivalent to the information included in one or more of the LTE/LTE-A SIBs other than
SIB1 or SIB2 (e.g., information to enable an operator to manage system selection intra-radio
access technology (RAT) or inter-RAT, information for a UE to discover the availability and
configuration(s) of one or more services). One example transmission of an OSIB is shown in

FI1G. 4.

[0128] FIG. 4 is a swim lane diagram 400 illustrating transmissions of a sync signal, an
MSIB, and an OSIB by a base station 105-c, in accordance with various aspects of the present
disclosure. FIG. 4 also illustrates requests and receptions of the MSIB and OSIB by a UE
115-b performing initial acquisition of SI of an access network. In some examples, the base
station may incorporate aspects of one or more of the base stations described with reference
to FIGs. 1 or 2. Similarly, the UE 115-b may incorporate aspects of one or more of the UEs
115 described with reference to FIGs. 1 or 2.

[0129] At 405, the base station 105-c may transmit an instance of a periodic sync signal, as
described with reference to FIG. 3A. The UE 115-b may receive the instance of the sync
signal and, at block 410, process the instance of the sync signal and determine that it needs to
transmit an MSIB transmission request, at 415, to obtain an MSIB from the base station 105-
c. The UE 115-b may also determine, from the instance of the sync signal, where and when
to transmit the MSIB transmission request and where and when to expect transmission of the

MSIB by the base station 105-c.

[0130] At 420, the base station 105-c may transmit the MSIB. The UE 115-b may receive
the MSIB and, at block 425, process information included in the MSIB. The UE 115-b may
also, and optionally, prepare an OSIB transmission request. In some examples, an optional
OSIB transmission request may be prepared (e.g., at block 425) and transmitted (e.g., at 430)

when the UE 115-b has not previously acquired SI from the cell or zone in which the base
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station 105-c operates, or when cached SI for the cell or zone has expired, or when the UE
determines that SI for the cell or zone has changed (e.g., from the sync signal, from
information in the MSIB signaling a change in SI, or from a paging message), or when the
UE determines (e.g., during RRC IDLE) that it is in a location where new SI may be
provided (e.g., a location in which new neighbor cell list equivalent information may be
provided, or a location where new global positioning system (GPS) assistance information
may be provided). In some cases, the OSIB transmission request may indicate what OSIB
information is being requested. For example, a UE 115-b may indicate, in the OSIB
transmission request, what SI (e.g., what type of SI or what SIBs) the UE would like to
receive. In some examples, a single OSIB transmission request 430 may be transmitted, and
the single OSIB transmission request 430 may indicate one or a plurality of elements of other
SI that the UE would like to receive (e.g., a binary value may be set to TRUE for each
element of other SI that the UE would like to receive). In other examples, the UE 115-b may
request some types of other SI in different OSIB transmission requests, and the UE may

transmit a plurality of OSIB transmission requests to the base station.

[0131] The base station 105-c may receive the OSIB transmission request (or OSIB
transmission requests) and, at block 435, prepare one or more OSIBs for transmission to the
UE at 440 or 445. In some embodiments, the base station may prepare one or more OSIBs
including the SI requested by the UE in the OSIB transmission request. Additionally or
alternatively, the base station 105-c (and/or another network node with which the base station
communicates) may determine what SI should be transmitted to the UE 115-b in an OSIB.
The base station 105-¢ and/or other network node may determine what SI to transmit to the
UE 115-b based on, for example, a UE identity, a UE type, capabilities information the base
station has acquired for the UE, or other information known about (and potentially acquired
from) the UE. In this manner, the amount of SI transmitted to the UE 115-b may be

optimized, which may help to conserve power, to free up resources, efc.

[0132] As previously indicated, an OSIB may include information equivalent to the
information included in one or more of the LTE/LTE-A SIBs other than SIB1 or SIB2 (e.g.,
information to enable an operator to manage system selection intra-RAT or inter-RAT,
information for a UE to discover the availability and configuration(s) of one or more

services). The information included in an OSIB may be numbered and organized based on SI
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function, in order to enable a base station to deliver information to a UE based on a subset of
UE functions, based on UE capabilities, or based on UE service requirements (e.g., a base
station may not deliver MBMS information to a UE when the UE is not capable of using
MBMS services). In some cases, information included in an OSIB may be numbered and

organized the same or similar to information included in LTE/LTE-A SIBs.

[0133] Information included in an OSIB may be organized so that it may be efficiently
received or processed by a UE. For example, the information may be organized so that a UE
can read the information as infrequently as possible. In some embodiments, the information
may be organized based on the scope of the information; based on whether the information
applies system wide, intra-constellation, per cell or per zone; based on the duration for which
information remains valid (e.g., validity time); or based on whether the information is semi-
static or dynamic. When information changes very dynamically, the information may be

organized so that it can be transmitted with reduced latency.

[0134] An on-demand transmission of an OSIB may be initiated by a UE (e.g., during
initial access) or by an access network (e.g., when information included in the OSIB changes,

or when a dedicated SIB is transmitted).

[0135] As previously described, a base station may in some cases switch between an “on-
demand unicast (or narrow-beam)” mode and an “always-on broadcast (or broad-beam)” or
an “on-demand broadcast (or broad-beam)” mode for MSIB transmissions. A base station
may also switch between an “on-demand unicast (or narrow-beam)” mode and an “always-on
broadcast (or broad-beam)”or an “on-demand broadcast (or broad-beam)” mode for OSIB
transmissions. For “always-on broadcast (or broad-beam)” OSIB transmissions, an OSIB

transmission schedule may be signaled in an MSIB transmission.

[0136] In some cases, a UE may receive and process an MSIB or OSIB based on a change
in location of the UE. In some cases, the MSIB or OSIB may be received and processed after
transmitting a respective MSIB transmission request or OSIB transmission request. In this
regard, FIG. 5 illustrates a Venn diagram 500 of respective coverage areas for a first zone
505, a second zone 510, a third zone 515, and a fourth zone 520. In some embodiments, the
first zone 505 may include a 5G wireless communication network, the second zone 510 may
include a first neighbor RAT (e.g., a neighbor RAT1), the third zone 515 may include a
second neighbor RAT (e.g., a neighbor RAT2), and the fourth zone 520 may include a third
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neighbor RAT (e.g., a neighbor RAT3), in accordance with various aspects of the present
disclosure. By way of example, the SG wireless communication network may incorporate
aspects of the wireless communication system 100 or 200 described with reference to FIGs. 1
or 2. Each of the first neighbor RAT, the second neighbor RAT, and the third neighbor RAT
may also incorporate aspects of the wireless communication system 100 or 200. The 5G
wireless communication network, first neighbor RAT, second neighbor RAT, and third

neighbor RAT may also take different forms.

[0137] When a UE initially acquires access to a SG wireless communication network in the
first zone 505, or as a UE moves within the 5G wireless communication network, the UE may
acquire SI for the first neighbor RAT, the second neighbor RAT, or the third neighbor RAT.
In some cases, a UE may acquire SI for the neighbor RATs using distance-based SI
acquisition. A UE may employ distance-based SI acquisition by determining (e.g.,
calculating) a distance between the current location of the UE and a location of the UE when
the UE last acquired neighbor RAT SI. When the determined distance exceeds a threshold
distance, the UE may initiate a SI acquisition procedure (e.g., the UE may receive an OSIB
containing the neighbor RAT SI, or the UE may transmit an OSIB transmission request in
which the UE requests the neighbor RAT SI). The threshold distance may be configured by
the network and may be indicated in an MSIB (e.g., as part of a measurement configuration

indicated in the MSIB).

[0138] In some embodiments, distance-based SI acquisition may be employed on a per
neighbor RAT basis. In other embodiments, distance-based SI acquisition may be employed

on a collective neighbor RAT basis.

[0139] In some cases, a UE may receive and process an MSIB or OSIB based on a change
in SI signaled in a periodic sync signal. In some cases, the MSIB or OSIB may be received
and processed after transmitting a respective MSIB transmission request or OSIB

transmission request.

[0140] FIG. 6 is a swim lane diagram 600 illustrating transmissions of a sync signal, an
MSIB, and an OSIB by a base station 105-d, in accordance with various aspects of the
present disclosure. FIG. 6 also illustrates requests and receptions of the MSIB and OSIB by a
UE 115-c performing a system information update. In some examples, the base station 105-d

may incorporate aspects of one or more of the base stations 105 described with reference to
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FIGs. 1, 2, or 4. Similarly, the UE 115-c may incorporate aspects of one or more of the UEs
115 described with reference to FIGs. 1, 2, or 4.

[0141] At 605, the base station 105-d may transmit an instance of a periodic sync signal, as
described with reference to FIG. 3A, or a paging message. The instance of the sync signal or
paging message may include information (e.g., a modification flag or value tag) indicating

that SI for a cell including the base station has changed.

[0142] In some embodiments, the instance of the sync signal or paging message may
include a general indicator that SI has changed (e.g., a modification flag). The general
indicator or modification flag may include, for example, a counter value that is incremented
when ST has changed, or a Boolean variable (e.g., a binary value) that is set to TRUE (e.g., a
logic “1”) when SI included in an MSIB has changed (or when the network expects a UE to
re-acquire the MSIB) or FALSE (e.g., a logic “0”) when SI included in an MSIB has not
changed (or when the network does not expect a UE to re-acquire the MSIB). The instance
of the sync signal or paging message may also or alternatively indicate whether certain
elements of SI have changed. For example, the instance of the sync signal or paging message
may indicate whether SI for services such as Public Warning System (PWS; e.g., the
Earthquake and Tsunami Warning System (ETWS) or the Commercial Mobile Alert System
(CMAYS)) has changed, which may simplify decoding and improve battery life when such

information is changing more frequently.

[0143] The UE 115-c may receive the instance of the sync signal or paging message and, at
block 610, process the instance of the sync signal or paging message (e.g., compare a counter
value associated with the sync signal or paging message with a previously received counter
value, or determine whether a modification flag is set to TRUE or FALSE); determine that SI
for the cell or zone including the base station has changed; and (in some cases) determine that
the changed Sl is relevant to the UE. The UE may also determine that it needs to transmit an
MSIB transmission request, at 615, to obtain an MSIB including the changed SI from the
base station. The UE may also determine, from the instance of the sync signal or paging
message, where and when to transmit the MSIB transmission request and where and when to

expect transmission of the MSIB by the base station.

[0144] At 620, the base station 105-d may transmit the MSIB. In some cases, the MSIB

may include information indicating whether other SI has changed. For example, the MSIB
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may include a general indicator that other SI has changed (e.g., a modification flag). The
general indicator or modification flag may include, for example, a counter value that is
incremented when SI included in an OSIB has changed, or a Boolean variable (e.g., a binary
value) that is set to TRUE (e.g., a logic “1”) when Sl included in an OSIB has changed (or
when the network expects a UE to re-acquire the OSIB) and to FALSE (e.g., a logic “07)
when ST included in an OSIB has not changed (or when the network does not expect a UE to
re-acquire the OSIB). The MSIB may also or alternatively indicate whether certain elements
of other SI have changed. For example, the MSIB may include a value tag per type of SI or
equivalent LTE/LTE-A SIB (e.g., a first Boolean variable set to TRUE or FALSE to indicate
whether SI for MBMS services has changed, a second Boolean variable set to TRUE or
FALSE based on whether SI for PWS services (e.g., CMAS services or ETWS services) has
changed, etc.).

[0145] The UE 115-c may receive the MSIB and, at block 625, process information
included in the MSIB. The UE may use information indicating what SI has changed to
determine whether other ST useful to the UE (e.g., SI monitored by the UE) has changed and
needs to be requested. For example, the UE may compare an OSIB counter value included in
the MSIB with a previously received OSIB counter value, or determine whether an OSIB
modification flag is set to TRUE or FALSE, or compare value tags for one or more
monitored elements of other SI to previously received value tags for the one or more
monitored elements of other SI, to determine with an OSIB needs to be requested. When
other ST useful to the UE has not changed, the UE need not transmit an OSIB transmission
request. However, when other SI useful to the UE has changed, the UE may prepare (e.g., at
block 625) and transmit (e.g., at 630) an OSIB transmission request. In some cases, the OSIB
transmission request may be a generic request (e.g., a request that causes the base station to
return all other SI, or a request that allows the base station to return whatever SI the base
station deems useful to the UE). In other cases, the OSIB transmission request may indicate
what OSIB information is being requested. For example, a UE may indicate, in the OSIB
transmission request, what SI (e.g., what type of SI or what SIBs) the UE would like to

receive.

[0146] The base station 105-d may receive the OSIB transmission request and, at block

635, prepare one or more OSIBs for transmission to the UE at 640 or 645. In some
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embodiments, the base station may prepare an OSIB including the SI requested by the UE in

the OSIB transmission request. Additionally or alternatively, the base station (and/or another

network node with which the base station communicates) may determine what SI should be

transmitted to the UE in an OSIB. The base station and/or other network node may

determine what SI to transmit to the UE based on, for example, a UE identity, a UE type,

capabilities information the base station has acquired for the UE, or other information known

about (and potentially acquired from) the UE. In this manner, the amount of SI transmitted to

the UE may be optimized, which may help to conserve power, to free up resources, efc.

[0147]

OSIB in a 5G wireless communication system:

The below table provides an example allocation of SI between an MSIB and an

SG System Information

Contents

Equivalent LTE/LTE-A SIBs

MSIB:

Unicast (on-demand) SI, or
SI broadcast with short
periodicity

PHY layer basic
configuration information
(e.g., downlink bandwidth,
SFN, efc.)

MIB

Constellation ID (PLMN ID,
Constellation code,
CSG/HNB ID), Constellation
selection information (q-
RxMin), FreqBand
information, Scheduling
information for other SIBs (if
broadcast supported), SI
value tag (may be signaled

by sync signal)

SIB1

Access Class (AC)-Barring
info, Service Specific Access
Control (SSAC) info,
Extended Access Barring
(EAB) Radio Common

SIB2
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config (details: RACH
(RACH preamble
signatures), (Broadcast
Control Channel (BCCH),
paging Control Channel
(PCCH)), PRACH, PDSCH,
PUSCH, PUCCH, SRS, UE-
timers and constants,
Multimedia Broadcast Single
Frequency Network
(MBSFN) config, UL-Freq
info + UL bandwidth, Time

alignment timer

OSIB: Mobility related parameters, | SIB3-SIB8

e.g., cell reselection

Unicast (on-demand) SI, or parameters, neighbor

Sl broadeast with very long constellation/zone lists,

periodicity

WLAN oftloading signaling SIB17

PWS, MBMS, GPS SIB10-SIB16

assistance data

[0148] Although each of FIGs. 4-6, and to some extent the remainder of the present
disclosure, focused primarily on the transmission of an MSIB or an OSIB, any number of
MSIBs or OSIBs may be transmitted — either individually or in groups, and in response to a
singular MSIB transmission request and/or OSIB transmission request, or in response to a
plurality of MSIB transmission requests and/or OSIB transmission requests. In some cases,
master system information may distributed among one or more of an MSIB, an MTC_SIB, or
other SIBs carrying master information. In some cases, other system information may be
distributed among one or more of an OSIB1 carrying neighbor cell/zone information, an
OSIB2 carrying MBMS related information, an OSIB3 carrying PWS related information, or
other SIBs carrying other information. An MSIB or OSIB may also include one or more

elements. When SI changes, a modification flag or value tag may be transmitted or received,
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for example, per MSIB, per element within an MSIB, per OSIB, or per element within an
OSIB.

[0149] FIG. 7 shows a block diagram 700 of a UE 115-d for use in wireless
communication, in accordance with various aspects of the present disclosure. The UE 115-d
may be an example of aspects of one or more of the UEs 115 described with reference to
FIGs. 1-6. The UE 115-d may also be or include a processor. The UE 115-d may include a
UE receiver module 710, an SI acquisition module 720, or a UE transmitter module 730. The
ST acquisition module 720 may include an SI acquisition mode module 735, a UE SI request
module 740, or an SI receipt module 745. Each of these modules may be in communication

with each other.

[0150] The modules of the UE 115-d may, individually or collectively, be implemented
using one or more application-specific integrated circuits (ASICs) adapted to perform some
or all of the applicable functions in hardware. Alternatively, the functions may be performed
by one or more other processing units (or cores), on one or more integrated circuits. In other
examples, other types of integrated circuits may be used (e.g., Structured/Platform ASICs,
Field Programmable Gate Arrays (FPGAs), a System on Chip (SoC), or other Semi-Custom
ICs), which may be programmed in any manner known in the art. The functions of each
module may also be implemented, in whole or in part, with instructions embodied in a

memory, formatted to be executed by one or more general or application-specific processors.

[0151] In some examples, the UE receiver module 710 may include at least one radio
frequency (RF) receiver. The UE receiver module 710 or RF receiver may be used to receive
various types of data or control signals (7.e., transmissions) over one or more communication
links of a wireless communication system, such as one or more communication links of the
wireless communication system 100 described with reference to FIG. 1. As an example, the
UE receiver module 710 may be used to receive a periodic sync signal, as described with
reference to FIGs. 3A, 3B, and 4. The UE receiver module 710 may also be used to receive
various signals that include one or more forms of SI, as also described with reference to FIGs.
3A, 3B, and 4. The receipt and processing of the synchronization signals and the SI signals
(for example, the periodic sync signals 310, 325, 340, or 355 of FIG. 3A, and the broadcast
MSIBs 315, 330, 342, or the unicast MSIB 358 of FIG. 3A) may be additionally facilitated

through the SI acquisition module 720, as described in greater detail below.
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[0152] In some examples, the UE transmitter module 730 may include at least one RF
transmitter. The UE transmitter module 730 or RF transmitter may be used to transmit
various types of data or control signals (7.e., transmissions) over one or more communication
links of a wireless communication system, such as one or more communication links of the
wireless communication system 100 described with reference to FIG. 1. As an example, the
UE transmitter module 730 may be used to transmit an MSIB transmission request signal
332, 345, 360, as described with reference to FIG. 3A. The transmission of the MSIB
transmission request signals 332, 345, 360, for example, may be additionally facilitated

through the SI acquisition module 720, as described in greater detail below.

[0153] The SI acquisition module 720 may be used to manage one or more aspects of
wireless communication for the UE 115-d. In particular, in the UE 115-d, the SI acquisition
module 720 may be used to facilitate the acquisition of SI from a base station 105, in
accordance to aspects of some of the embodiments described above. The SI acquisition
module 720 may include an SI acquisition mode module 735, a UE SI request module 740, or

an SI receipt module 745.

[0154] The SI acquisition mode module 735 may be used by the UE 115-d to facilitate
receipt by the UE 115-d of a periodic sync signal 310, 325, 340, 355, as illustrated in FIGs.
3A, 3B, and 4, for example. The received periodic sync signal 310, 325, 340, 355 may
indicate to the UE 115-d whether the UE 115-d is to transmit a request signal, such as an
MSIB transmission request signal 332, 345, 360, for example, in order to receive a
transmission of SI. For example, the UE 115-d may receive a periodic sync signal 310 that
indicates to the UE 115-d that SI may be broadcast by a base station 105 regardless of any
requests sent by the UE 115-d. In this instance, the SI acquisition mode module 735 may
determine that no request is necessary in order for the UE 115-d to receive SI. In another
example, however, the UE 115-d may receive a periodic sync signal 325, 340, 355, which
may each indicate that the UE 115-d is to transmit a request for SI (in the form of an MSIB
transmission request signal 332, 345, 360, for example) in order to receive SI. In this
instance, the SI acquisition mode module 735 may determine that a request is necessary in
order for the UE 115-d to receive SI. Thus, the ST acquisition mode module 735 may be
configured to determine whether the UE 115-d is operating in a network having a broadcast

SI mode or an on-demand SI mode.
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[0155] In the event that the UE 115-d is operating in a network using an on-demand SI
mode, meaning that the UE 115-d is to transmit a request to receive SI, the UE SI request
module 740 may be used to facilitate the creation of such a request. As an example, the UE
SI request module 740 may be used to formulate any one of the MSIB transmission request
signals 332, 345, 360 of FIG. 3A. The UE SI request module 740 may use information
included with the periodic sync signal 325, 340, 355 to determine how to formulate the MSIB
transmission request signals 332, 345, 360. For example, the periodic sync signal 325, 340,
355 may include information indicating where the MSIB transmission request signals 332,

345, 360 should be sent, as well as the timing of such signals.

[0156] The SI receipt module 745 may be used to facilitate the receipt of SI transmitted to
the UE 115-d. The SI may be transmitted as a broadcast without any need for a request sent
by the UE 115-d. In this example, the SI acquisition mode module 735 may indicate to the SI
receipt module 745 that SIis to be received via a broadcast. The SI receipt module 745 may
then facilitate receipt of the SI using information included with the periodic sync signal 310,
such as a predetermined channel or timing of the SI broadcast. In another example. the SI
may be transmitted as either a broadcast or a unicast in response to a request sent by the UE
115-d. In these examples, the SI acquisition mode module 735 may indicate to the SI receipt
module 745 that Sl is to be received as either a broadcast or a unicast in response to a request.
The SI receipt module 745 may then facilitate receipt of the SI using information included
with the periodic sync signals 325, 340, 355, such as a predetermined channel or timing of

the SI broadcast or unicast.

[0157] FIG. 8 shows a block diagram 800 of a UE 115-¢ for use in wireless
communication, in accordance with various examples. The UE 115-e may be an example of
one or more aspects of a UE 115 described with reference to FIGs. 1-7. The UE 115-e may
include a UE receiver module 710-a, an SI acquisition module 720-a, and/or a UE transmitter
module 730-a, which may be examples of the corresponding modules of UE 115-d (of FIG.
7). The UE 115-e may also include a processor (not shown). Each of these components may
be in communication with each other. The SI acquisition module 720-a may include an SI
acquisition mode module 735-a, a UE SI request module 740-a, and/or an SI receipt module
745-a. The SI acquisition mode module 735-a may further include a sync signal receipt

module 805 and/or an SI acquisition mode determination module 810. The UE receiver
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module 710-a and the UE transmitter module 730-a may perform the functions of the UE
receiver module 710 and the UE transmitter module 730, of FIG. 7, respectively.

[0158] The modules of the UE 115-e may, individually or collectively, be implemented
using one or more ASICs adapted to perform some or all of the applicable functions in
hardware. Alternatively, the functions may be performed by one or more other processing
units (or cores), on one or more integrated circuits. In other examples, other types of
integrated circuits may be used (e.g., Structured/Platform ASICs, FPGAs, a SoC, or other
Semi-Custom ICs), which may be programmed in any manner known in the art. The
functions of each module may also be implemented, in whole or in part, with instructions
embodied in a memory, formatted to be executed by one or more general or application-

specific processors.

[0159] The SI acquisition mode module 735-a may include a sync signal receipt module
805 and/or an SI acquisition mode determination module 810. The sync signal receipt
module 805 may be used by the UE 115-¢ to facilitate receipt by the UE 115-¢ of a periodic
sync signal 310, 325, 340, 355, as illustrated in FIGs. 3A, 3B, and 4, for example. The
received periodic sync signal 310, 325, 340, 355 may indicate to the UE 115-e whether the
UE 115-e is to transmit a request signal, such as an MSIB transmission request signal 332,
345, 360, for example, in order to receive a transmission of SI. Thus, the SI acquisition mode
determination module 810 may be used to determine, from the received periodic sync signal
310, 325, 340, 355, whether an SI acquisition mode is fixed or on-demand. For example, the
UE 115-¢, through the sync signal receipt module 805, may receive a periodic sync signal
310 that indicates to the UE 115-e that ST may be broadcast by a base station 105 regardless
of any requests sent by the UE 115-e. In this instance, the SI acquisition mode determination
module 810 may determine that no request is necessary in order for the UE 115-e to receive
SI. In another example, however, the UE 115-e may receive, via the sync signal receipt
module 805, a periodic sync signal 325, 340, 355, which may each indicate that the UE 115-e
is to transmit a request for SI (in the form of an MSIB transmission request signal 332, 345,
360, for example) in order to receive SI. In this instance, the SI acquisition mode
determination module 810 may determine that a request is necessary in order for the UE 115-

e toreceive SI. Thus, the SI acquisition mode determination module 810 may be configured
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to determine whether the UE 115-e is operating in a network having a fixed broadcast SI

mode or an on-demand SI mode.

[0160] In the event that the UE 115-e is operating in a network using an on-demand SI
mode, meaning that the UE 115-¢ is to transmit a request to receive SI, the UE SI request
module 740-a may be used to facilitate the creation of such a request. As an example, the UE
SI request module 740-a may be used to formulate any one of the MSIB transmission request
signals 332, 345, 360 of FIG. 3A. The UE SI request module 740-a may use information
included with the periodic sync signal 325, 340, 355 to determine how to formulate the MSIB
transmission request signals 332, 345, 360. For example, the periodic sync signal 325, 340,
355 may include information indicating where the MSIB transmission request signals 332,

345, 360 should be sent, as well as the timing of such signals.

[0161] The SI receipt module 745-a may be used to facilitate the receipt of SI transmitted
to the UE 115-e. The SI may be transmitted as a broadcast without any need for a request
sent by the UE 115-e. In this example, the SI acquisition mode module 735-a may indicate to
the SI receipt module 745-a that SI is to be received via a broadcast. The SI receipt module
745-a may then facilitate receipt of the SI using information included with the periodic sync
signal 310, such as a predetermined channel or timing of the SI broadcast. The UE 115-¢
may receive the SI, in some examples, by monitoring an SI-RNTI on a common physical
control channel (e.g., a PDCCH), decoding a downlink assignment message associated with

the SI-RNTI, and receiving the SI on a shared channel (e.g., a PDSCH).

[0162] In another example. the SI may be transmitted as either a broadcast or a unicast in
response to a request sent by the UE 115-e. In these examples, the SI acquisition mode
module 735-a may indicate to the SI receipt module 745-a that SI is to be received as either a
broadcast or a unicast in response to a request. The SI receipt module 745-a may then
facilitate receipt of the SI using information included with the periodic sync signals 325, 340,
355, such as a predetermined channel or timing of the SI broadcast or unicast. The UE 115-¢
may receive the SI, in some examples, by monitoring an SI-RNTI on a common physical
control channel (e.g., a PDCCH), decoding a downlink assignment message associated with
the SI-RNTI, and receiving the MSIB on a shared channel (e.g., a PDSCH). Alternatively,
when an RNTT; (e.g., a C-RNTI or Z-RNTI) is assigned for the UE 115-¢, the UE 115-e may
monitor the RNTI on a common physical control channel (e.g., a PDCCH), decode a
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downlink assignment message associated with the RNTIL, and receive the SI on a shared
channel (e.g., a PDSCH) according to information contained in the downlink assignment
message. In another alternative, the UE 115-e may monitor an SI-RNTI in order to receive
broadcast SI, while the UE may also use an RNTI dedicatedly allocated for the UE (e.g., C-
RNTT or zone RNTI) to receive unicast SI.

[0163] In each of the examples described above with respect to the UEs 115-d, 115-e of
FIGs. 7 and 8, the terms broadcast operation and broad-beam operation may be used
interchangeably, at the level at which operations of UEs 115-d, 115-e have been described.
Similarly, the terms unicast operation and narrow-beam operation may be used
interchangeably, at the level at which operations of UEs 115-d, 115-e have been described.
In general, if the UE 115-d, 115-e is operating in a massive MIMO network, the UE 115-d,
115-e may receive the periodic sync signal 310, 325, 340, 355 as part of a broad-beam
operation, and may receive the SI as part of either a broad-beam or a narrow-beam operation.
On the other hand, if the UE 115-d, 115-e is operating in a non-massive MIMO network, the
UE 115-d, 115-e may receive the periodic sync signal 310, 325, 340, 355 as part of a
broadcast operation, and may receive the SI as part of either a broadcast or a unicast

operation.

[0164] FIG. 9 shows a block diagram 900 of a UE 115-f for use in wireless
communication, in accordance with various aspects of the present disclosure. The UE 115-f
may be an example of aspects of one or more of the UEs 115 described with reference to
FIGs. 1-8. The UE 115-f may also be or include a processor. The UE 115-f may include a
UE receiver module 710-b, an SI acquisition module 720-b, or a UE transmitter module 730-
b, which may be examples of the corresponding modules of UE 115-d (of FIG. 7). The SI
acquisition module 720-b may include a service-specific SI acquisition mode module 905, a
UE service-specific SI request module 910, or an SI receipt module 745-b. The SI receipt
module 745-b may be an example of the SI receipt module 745 of FIGs. 7 or 8. Each of these

modules may be in communication with each other.

[0165] The modules of the UE 115-r may, individually or collectively, be implemented
using one or more ASICs adapted to perform some or all of the applicable functions in
hardware. Alternatively, the functions may be performed by one or more other processing

units (or cores), on one or more integrated circuits. In other examples, other types of
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integrated circuits may be used (e.g., Structured/Platform ASICs, FPGAs, an SoC, or other
Semi-Custom ICs), which may be programmed in any manner known in the art. The
functions of each module may also be implemented, in whole or in part, with instructions
embodied in a memory, formatted to be executed by one or more general or application-

specific processors.

[0166] In some examples, the UE receiver module 710-b may include at least one RF
receiver. The UE receiver module 710-b or RF receiver may be used to receive various types
of data or control signals (i.e., transmissions) over one or more communication links of a
wireless communication system, such as one or more communication links of the wireless
communication system 100 described with reference to FIG. 1. As an example, the UE
receiver module 710-b may be used to receive a service-specific periodic sync signal, as
described with reference to FIG. 3B. The UE receiver module 710-b may also be used to
receive various signals that include one or more forms of SI, as also described with reference
to FIG. 3B. The receipt and processing of the service-specific synchronization signals and
the SI signals (for example, the service-specific periodic sync signals 370, 385 of FIG. 3B,
and the service-specific SIBs 375, 390 (of FIG. 3B)) may be additionally facilitated through

the SI acquisition module 720-b, as described in greater detail below.

[0167] In some examples, the UE transmitter module 730-b may include at least one RF
transmitter. The UE transmitter module 730-b or RF transmitter may be used to transmit
various types of data or control signals (7.e., transmissions) over one or more communication
links of a wireless communication system, such as one or more communication links of the
wireless communication system 100 described with reference to FIG. 1. As an example, the
UE transmitter module 730-b may be used to transmit a SIB Tx request 372, 388, as
described with reference to FIG. 3B. The transmission of the SIB Tx request 372, 388, for
example, may be additionally facilitated through the ST acquisition module 720-b, as

described in greater detail below.

[0168] The SI acquisition module 720-b may be used to manage one or more aspects of
wireless communication for the UE 115-f. In particular, in the UE 115-f, the SI acquisition
module 720-b may be used to facilitate the acquisition of service-specific SI from a base

station 105, in accordance to aspects of some of the embodiments described above. The SI
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acquisition module 720-b may include a service-specific SI acquisition mode module 905, a

UE service-specific SI request module 910, or an SI receipt module 745-b.

[0169] The service-specific SI acquisition mode module 905 may be used by the UE 115-f
to facilitate receipt by the UE 115-f of a service-specific periodic sync signal 370, 385, as
illustrated in FIG. 3B, for example. The received service-specific periodic sync signal 370,
385 may indicate to the UE 115-f that service-specific SI is available for the UE 115-f. The
service-specific periodic sync signal 370, 385 may also indicate whether the UE 115-fis to
transmit one or more request signals, such as an SIB Tx request 372, 388, for example, in
order to receive a service-specific SIB 375, 390. For example, the UE 115-f may receive a
service-specific periodic sync signal 370 that indicates to the UE 115-f that service-specific
SIis available. The service-specific periodic sync signal 370 may indicate that the service-
specific Sl is to be broadcast at a specific time and using specific resources. In that case, the
service-specific SI acquisition mode module 905 may determine that, in order to obtain the
service-specific SI, the UE 115-f must listen for the service-specific SI at the designated
times. Alternatively, the service-specific periodic sync signal 370 may indicate that the
service-specific Sl is to be requested in accordance with a schedule. In this instance, the
service-specific SI acquisition mode module 905 may determine that, in order to obtain the
service-specific SI, the UE 115-f must transmit one or more requests for service-specific SI in
accordance with the schedule identified by the serviced-specific periodic sync signal 370. In
yet another embodiment, a service-specific periodic sync signal 385 may indicate that
service-specific Sl is available by request but that the UE 115-f must explicitly request the
service-specific SI. In this case, the service-specific SI acquisition mode module 905 may
determine that the UE 115-f must identify which services it requires SI and then include that

identification in a request.

[0170] In the event that the UE 115-f is operating in a network using an on-demand
service-specific SI mode, meaning that the UE 115-f is to transmit a request to receive
service-specific SI, the UE service-specific SI request module 910 may be used to facilitate
the creation of such a request. As an example, the UE service-specific SI request module 910
may be used to formulate any one of the SIB Tx requests 372, 388 of FIG. 3B. The UE
service-specific SI request module 910 may use information included with the service-

specific periodic sync signals 370, 385 to determine how to formulate the SIB Tx requests
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372, 388. For example, the service-specific periodic sync signal 370, 385 may include
information indicating where the SIB Tx requests 372, 388 should be sent, as well as the

timing of such signals.

[0171] The SI receipt module 745-b may be used to facilitate the receipt of service-specific
SI transmitted to the UE 115-f. The service-specific SI may be transmitted as a broadcast
without any need for a request sent by the UE 115-f. In this example, the service-specific SI
acquisition mode module 905 may indicate to the SI receipt module 745-b that service-
specific Sl is to be received via a broadcast. The SI receipt module 745-b may then facilitate
receipt of the service-specific SI using information included with the service-specific periodic
sync signal 370, such as a predetermined channel or timing of the service-specific SI
broadcasts. In another example. the service-specific SI may be transmitted as either a
broadcast or a unicast in response to a request sent by the UE 115-f. In these examples, the
service-specific SI acquisition mode module 905 may indicate to the SI receipt module 745-b
that service-specific SI is to be received as either a broadcast or a unicast in response to a
request. The SI receipt module 745-b may then facilitate receipt of the service-specific SI
using information included with the service-specific periodic sync signal 370, 385, such as a

predetermined channel or timing of the SI broadcast or unicast.

[0172] FIG. 10 shows a block diagram 1000 of a UE 115-g for use in wireless
communication, in accordance with various examples. The UE 115-g may be an example of
one or more aspects of a UE 115 described with reference to FIGs. 1-9. The UE 115-g may
include a UE receiver module 710-c, an SI acquisition module 720-c, and/or a UE transmitter
module 730-c, which may be examples of the corresponding modules of UE 115-f (of FIG.
9). The UE 115-g may also include a processor (not shown). Each of these components may
be in communication with each other. The SI acquisition module 720-c may include a
service-specific SI acquisition mode module 905-a, a UE service-specific SI request module
910-a, and/or an SI receipt module 745-c. The service-specific SI acquisition mode module
905-a may further include a sync signal receipt module 1005 and/or a service-specific SI
acquisition mode determination module 1010. The UE receiver module 710-c and the UE
transmitter module 730-c may perform the functions of the UE receiver module 710 and the

UE transmitter module 730, of FIG. 7, respectively.
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[0173] The modules of the UE 115-g may, individually or collectively, be implemented
using one or more ASICs adapted to perform some or all of the applicable functions in
hardware. Alternatively, the functions may be performed by one or more other processing
units (or cores), on one or more integrated circuits. In other examples, other types of
integrated circuits may be used (e.g., Structured/Platform ASICs, FPGAs, a SoC, or other
Semi-Custom ICs), which may be programmed in any manner known in the art. The
functions of each module may also be implemented, in whole or in part, with instructions
embodied in a memory, formatted to be executed by one or more general or application-

specific processors.

[0174] The service-specific SI acquisition mode module 905-a may include a sync signal
receipt module 1005 and/or a service-specific SI acquisition mode determination module
1010. The sync signal receipt module 1005 may be used by the UE 115-g to facilitate receipt
by the UE 115-g of a service-specific periodic sync signal 370, 385, as illustrated in FIG. 3B,
for example. The received service-specific periodic sync signal 370, 385 may indicate to the
UE 115-g whether service-specific SI is available for the UE 115-g, and whether the UE 115-
g is to transmit a request signal, such as SIB Tx requests 372, 388, for example, in order to
receive a transmission of service-specific SI. Thus, the service-specific SI acquisition mode
determination module 1010 may be used to determine, from the received service-specific
periodic sync signal 370, 385, whether service-specific SI may be received as one or more
broadcasts, may be explicitly requested, or may be requested in accordance with a schedule.
For example, the UE 115-g may receive a service-specific periodic sync signal 370 that
indicates to the UE 115-g that service-specific Sl is to be broadcast at a specific time and
using specific resources. In that case, the service-specific SI acquisition mode determination
module 1010 may determine that, in order to obtain the service-specific SI, the UE 115-g
must listen for the service-specific SI at the designated times. Alternatively, the service-
specific periodic sync signal 370 may indicate that the service-specific SIis to be requested
in accordance with a schedule. In this instance, the service-specific SI acquisition
determination mode module 1010 may determine that, in order to obtain the service-specific
SI, the UE 115-g must transmit one or more requests for service-specific SI in accordance
with the schedule identified by the serviced-specific periodic sync signal 370. In yet another
embodiment, a service-specific periodic sync signal 385 may indicate that service-specific SI

is available by request but that the UE 115-g must explicitly request the service-specific SI.
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In this case, the service-specific SI acquisition mode determination module 1010 may
determine that the UE 115-g must identify which services it requires SI and then include that

identification in a request.

[0175] In the event that the UE 115-g is operating in a network using an on-demand
service-specific SI mode, the UE service-specific SI request module 910-a may be used to
facilitate the creation of such a request. As an example, the UE service-specific SI request
module 910-a may be used to formulate any one of the SIB Tx requests 372, 388 of FIG. 3B.
The UE service-specific SI request module 910-a may use information included with the
service-specific periodic sync signals 370, 385 to determine how to formulate the SIB Tx
requests 372, 388. For example, the service-specific periodic sync signal 370, 385 may
include information indicating where the SIB Tx requests 372, 388 should be sent, as well as

the timing of such signals.

[0176] The SI receipt module 745-c may be used to facilitate the receipt of service-specific
ST transmitted to the UE 115-g. The service-specific SI may be transmitted as a broadcast
without any need for a request sent by the UE 115-g. In this example, the service-specific SI
acquisition mode determination module 1010 may indicate to the SI receipt module 745-c
that service-specific Sl is to be received via a broadcast. The SI receipt module 745-c may
then facilitate receipt of the service-specific SI using information included with the service-
specific periodic sync signal 370, such as a predetermined channel or timing of the service-
specific SI broadcasts. In another example. the service-specific SI may be transmitted as
either a broadcast or a unicast in response to a request sent by the UE 115-g. In these
examples, the service-specific SI acquisition mode determination module 1010 may indicate
to the SI receipt module 745-c that service-specific Sl is to be received as either a broadcast
or a unicast in response to a request. The SI receipt module 745-c may then facilitate receipt
of the service-specific SI using information included with the service-specific periodic sync

signal 370, 385, such as a predetermined channel or timing of the SI broadcast or unicast.

[0177] FIG. 11 shows a block diagram 1100 of a UE 115-h for use in wireless
communication, in accordance with various aspects of the present disclosure. The UE 115-h
may be an example of aspects of one or more of the UEs 115 described with reference to
FIGs. 1-10. The UE 115-h may include a UE receiver module 710-d, an SI acquisition
module 720-d, and/or a UE transmitter module 730-d, which may be examples of the
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corresponding modules of UE 115-d (of FIG. 7). The UE 115-h may also include a processor
(not shown). Each of these components may be in communication with each other. The SI
acquisition module 720-d may include a master SI acquisition module 1105, an SI processing
module 1110, a UE SI request module 1115, and/or an other SI acquisition module 1120.

The UE receiver module 710-d and the UE transmitter module 730-d may perform the
functions of the UE receiver module 710 and the UE transmitter module 730, of FIG. 7,
respectively. In addition, the UE receiver module 710-d may be used to receive SI signals
such as the OSIB 440, 445, 640, or 645 of FIGs. 4 and 6; and the UE transmitter module 730-
d may be used to transmit SI signals such as the MSIB transmission request signal 332, 345,
360, 415, or 615 of FIGs. 3A, 4, and 6, or the OSIB transmission request 430 or 630 of FIGs.
4 and 6.

[0178] The modules of the UE 115-e may, individually or collectively, be implemented
using one or more ASICs adapted to perform some or all of the applicable functions in
hardware. Alternatively, the functions may be performed by one or more other processing
units (or cores), on one or more integrated circuits. In other examples, other types of
integrated circuits may be used (e.g., Structured/Platform ASICs, FPGAs, a SoC, or other
Semi-Custom ICs), which may be programmed in any manner known in the art. The
functions of each module may also be implemented, in whole or in part, with instructions
embodied in a memory, formatted to be executed by one or more general or application-

specific processors.

[0179] The master SI acquisition module 1105 may be used to receive a first set of system
information (e.g., master system information, such as the master system information included

in the MSIB received at 420 in FIG. 4).

[0180] The SI processing module 1110 may be used to determine, based at least in part on
the first set of system information, that additional system information (e.g., non-master
system information, such as the other system information described with reference to FIG. 4)

is available.

[0181] The UE SIrequest module 1115 may be used to transmit a request (e.g., the OSIB
transmission request transmitted at 430 in FIG. 4) for the additional system information. In
some examples, the UE SI request module 1115 may transmit a plurality of requests for the

additional system information. In some examples, a single OSIB transmission request may
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indicate one or a plurality of elements of additional system information that the UE 115-h
would like to receive (e.g., a binary value in the OSIB transmission request may be set to
TRUE for each element of additional system information that the UE 115-h would like to
receive). In other examples, the UE 115-h may request some types of additional system
information in different OSIB transmission requests, and the UE SI request module 1115 may

be used to transmit a plurality of OSIB transmission requests.

[0182] The other SI acquisition module 1120 may be used to receive the additional system
information (e.g., to receive the other system information included in the OSIB received at

440 or 445 in FIG. 4).

[0183] In some embodiments, receiving the first set of system information using the master
ST acquisition module 1105 may include receiving an indication of one or more sets of
additional system information that are available. In some embodiments, transmitting the
request for the additional system information using the SI request module 1115 may include
identifying, in the request for the additional system information, one or more sets of
additional system information. In some embodiments, the one or more sets of additional
system information identified in the request for the additional system information may
include one or more sets of additional system information indicated in the first set of system

information.

[0184] In some embodiments, receiving the additional system information using the other
ST acquisition module 1120 may include at least one of: receiving system information
indicating which RATs are available in a region and how the UE 115-h is to select an
available RAT (e.g., UE mobility rules and policies); receiving system information indicating
which services are available in a region and how the UE 115-h is to obtain an available
service; receiving system information relating to an MBMS or a PWS service; receiving
system information relating to location, positioning, or navigation services; or receiving

system information based at least in part on a determined location of the UE 115-h.

[0185] In some embodiments, transmitting the request for additional system information
using the UE SI request module 1115 may include including one or more capabilities of the
UE in the request. In these embodiments, receiving the additional system information using
the other SI acquisition module 1120 may include receiving system information based at least

in part on the one or more capabilities of the UE 115-h included in the request.
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[0186] In some embodiments, transmitting the request for additional system information
using the UE SI request module 1115 may include including a location of the UE 115-h in the
request. In these embodiments, receiving the additional system information using the other
ST acquisition module 1120 may include receiving system information based at least in part

on the location of the UE 115-h included in the request.

[0187] In some embodiments, transmitting the request for additional system information
using the UE SI request module 1115 may include including an identification of the UE 115-
h in the request. In these embodiments, receiving the additional system information using the
other SI acquisition module 1120 may include receiving system information based at least in

part on the identification of the UE 115-h included in the request.

[0188] FIG. 12 shows a block diagram 1200 of a UE 115-i for use in wireless
communication, in accordance with various aspects of the present disclosure. The UE 115-1
may be an example of aspects of one or more of the UEs 115 described with reference to
FIGs. 1-11. The UE 115-1 may include a UE receiver module 710-¢, an SI acquisition
module 720-e, and/or a UE transmitter module 730-e, which may be examples of the
corresponding modules of UE 115-d, 115-f or 115-h (of F1Gs. 7,9, or 11). The UE 115-1
may also include a processor (not shown). Each of these components may be in
communication with each other. The SI acquisition module 720-e may include a sync signal
processing module 1205, a master SI acquisition module 1105-a, an SI processing module
1110-a, a UE SI request module 1115-a, or an other SI acquisition module 1120-a. The UE
receiver module 710-e and the UE transmitter module 730-e may perform the functions of the

UE receiver module 710 and the UE transmitter module 730, of FIGs. 7, 9, or 11.

[0189] The modules of the UE 115-1 may, individually or collectively, be implemented
using one or more ASICs adapted to perform some or all of the applicable functions in
hardware. Alternatively, the functions may be performed by one or more other processing
units (or cores), on one or more integrated circuits. In other examples, other types of
integrated circuits may be used (e.g., Structured/Platform ASICs, FPGAs, a SoC, or other
Semi-Custom ICs), which may be programmed in any manner known in the art. The
functions of each module may also be implemented, in whole or in part, with instructions
embodied in a memory, formatted to be executed by one or more general or application-

specific processors.
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[0190] The sync signal processing module 1205 may be used to decode information
received from a downlink channel. The decoded information may indicate that master system
information (e.g., an MSIB) is received in response to a master system information request
(e.g., an MSIB transmission request such as the MSIB transmission request transmitted at 415
in FIG. 4). In some examples, the downlink channel may include a synchronization signal
(e.g., the instance of the periodic sync signal received at 405 in FIG. 4). The decoded

information may include information decoded from the synchronization signal.

[0191] The UE SIrequest module 1115-a may be used to transmit a master system
information request in accordance with the information decoded from the downlink channel

by the sync signal processing module 1205.

[0192] The master SI acquisition module 1105-a may be used to receive the master system
information (e.g., the master system information included in the MSIB received at 420 in
FIG. 4). The master system information may include system information that allows the UE
115-1 to perform an initial access of a network using one or more of an identification of the
network, an identification of a base station in the network, cell selection configuration and

access restrictions, or a network access configuration.

[0193] The SI processing module 1110-a may be used to determine, based at least in part
on the master system information, that additional system information (e.g., non-master
system information, such as the other system information described with reference to FIG. 4)

is available.

[0194] The UE SI request module 1115-a may also be used to transmit a request (e.g., the
OSIB transmission request transmitted at 430 in FIG. 4) for the additional system
information. In some examples, the UE SI request module 1115-a may transmit a plurality of
requests for the additional system information. In some examples, a single OSIB
transmission request may indicate one or a plurality of elements of additional system
information that the UE 115-1 would like to receive (e.g., a binary value in the OSIB
transmission request may be set to TRUE for each element of additional system information
that the UE 115-1 would like to receive). In other examples, the UE 115-1 may request some
types of additional system information in different OSIB transmission requests, and the UE

ST request module 1115-a may be used to transmit a plurality of OSIB transmission requests.
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[0195] The other SI acquisition module 1120-a may be used to receive the additional
system information (e.g., to receive the other system information included in the OSIB

received at 440 or 445 in FIG. 4).

[0196] In some embodiments, receiving the master system information using the master SI
acquisition module 1105-a may include receiving an indication of one or more sets of
additional system information that are available. In some embodiments, transmitting the
request for the additional system information using the UE SI request module 1115-a may
include identifying, in the request for the additional system information, one or more sets of
additional system information. In some embodiments, the one or more sets of additional
system information identified in the request for the additional system information may
include one or more sets of additional system information indicated in the master system

information.

[0197] FIG. 13 shows a block diagram 1300 of a UE 115-] for use in wireless
communication, in accordance with various aspects of the present disclosure. The UE 115+
may be an example of aspects of one or more of the UEs 115 described with reference to
FIGs. 1-12. The UE 115-) may include a UE receiver module 710-f, an SI acquisition
module 720-f, or a UE transmitter module 730-f, which may be examples of the
corresponding modules of UE 115-d (of FIG. 7). The UE 115-j may also include a processor
(not shown). Each of these components may be in communication with each other. The SI
acquisition module 720-f may include a signal processing module 1305 or a UE SI request
module 1310. The UE receiver module 710-f and the UE transmitter module 730-f may
perform the functions of the UE receiver module 710 and the UE transmitter module 730, of
FIG. 7, respectively. In addition, the UE receiver module 710-f may be used to receive SI
signals such as the OSIB 440, 445, 640, or 645 of FIGs. 4 and 6, a value tag associated with
SI, or a zone identifier; and the UE transmitter module 730-f may be used to transmit SI
signals such as the MSIB transmission request signal 332, 345, 360, 415, or 615 of FIGs. 3A,
4, and 6, or the OSIB transmission request 430 or 630 of FIGs. 4 and 6.

[0198] The modules of the UE 115-j may, individually or collectively, be implemented
using one or more ASICs adapted to perform some or all of the applicable functions in
hardware. Alternatively, the functions may be performed by one or more other processing

units (or cores), on one or more integrated circuits. In other examples, other types of
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integrated circuits may be used (e.g., Structured/Platform ASICs, FPGAs, a SoC, or other
Semi-Custom ICs), which may be programmed in any manner known in the art. The
functions of each module may also be implemented, in whole or in part, with instructions
embodied in a memory, formatted to be executed by one or more general or application-

specific processors.

[0199] The signal processing module 1305 may be used to receive a first signal (e.g., a
sync signal or paging message such as the instance of the periodic sync signal or paging
message received at 605 in FIG. 6 or the MSIB received at 620 in FIG. 6). In some cases, the
signal processing module 1305 may receive the first signal while the UE 115-] 1s
communicating with a network using first system information. The signal processing module
1305 may also be used to determine, based at least in part on the first signal, to request

updated system information.

[0200] The UE SI request module 1310 may be used to request updated system
information (e.g., to transmit the MSIB transmission request transmitted at 615 in FIG. 6 or
the OSIB transmission request transmitted at 630 in FIG. 6) based at least in part on the

determination made by the signal processing module 1305.

[0201] In some embodiments, determining to request the updated system information using
the signal processing module 1305 may include at least one of’ identifying that the UE 115
has moved into a zone using second system information that is different from the first system
information; identifying that the network has changed at least a portion of the first system
information; or identifying that the UE 115-] has moved more than a predetermined distance
from a location where the UE 115-j obtained the first system information a previous time

(e.g., from the location where the UE obtained the first system information last time).

[0202] In some embodiments, receiving the first signal using the signal processing module
1305 may include receiving a zone identifier (e.g., an area code, a BSIC, or another cell
identifier). In some cases, the zone identifier may be received as part of a synchronization
signal. In some cases, the zone identifier may be transmitted as part of a synchronization
signal. In some cases, the zone identifier may identify one of the neighbor RATs of zones
510, 515, or 520 described with reference to FIG. 5. In these embodiments, the signal
processing module 1305 may use the zone identifier to identify that the UE 115-j has moved

from a first zone to a second zone. In some embodiments, determining to request updated
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system information using the signal processing module 1305 may include identifying a
distance between a current location of the UE 115-j and a location where the UE 115
obtained the first system information a previous time (e.g., the last time), and determining
that the identified distance exceeds a predetermined threshold. In some cases, the
predetermined threshold may be received from the network. In some cases, a location signal
identifying a location of the UE 115-] may also be received. The location signal may be
received, for example, as part of receiving the first signal. The location signal may also be
received in other ways, such as via a Global Navigation Satellite System (GNSS; e.g., GPS,
Galileo, GLONASS or BeiDou).

[0203] FIG. 14 shows a block diagram 1400 of a UE 115-k for use in wireless
communication, in accordance with various aspects of the present disclosure. The UE 115-k
may be an example of aspects of one or more of the UEs 115 described with reference to
FIGs. 1-13. The UE 115-k may include a UE receiver module 710-g, an SI acquisition
module 720-g, or a UE transmitter module 730-g, which may be examples of the
corresponding modules of UE 115-d or 115+ (of FIGs. 7, 9, or 11). The UE 115-k may also
be or include a processor (not shown). Each of these components may be in communication
with each other. The SI acquisition module 720-g may include a signal processing module
1305-a or a UE SI request module 1310-a. The UE receiver module 710-g and the UE
transmitter module 730-g may perform the functions of the UE receiver module 710 and the

UE transmitter module 730, of FIGs. 7,9, or 11.

[0204] The modules of the UE 115-k may, individually or collectively, be implemented
using one or more ASICs adapted to perform some or all of the applicable functions in
hardware. Alternatively, the functions may be performed by one or more other processing
units (or cores), on one or more integrated circuits. In other examples, other types of
integrated circuits may be used (e.g., Structured/Platform ASICs, FPGAs, a SoC, or other
Semi-Custom ICs), which may be programmed in any manner known in the art. The
functions of each module may also be implemented, in whole or in part, with instructions
embodied in a memory, formatted to be executed by one or more general or application-

specific processors.

[0205] The signal processing module 1305-a may be used to receive a first signal (e.g., a

sync signal or paging message such as the instance of the periodic sync signal or paging
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message received at 605 in FIG. 6 or the MSIB received at 620 in FIG. 6). In some cases, the
signal processing module 1305-a may receive the first signal while the UE 115-k is
communicating with a network using first system information, and the first signal may

include an indication that at least a portion of the first system information has changed.

[0206] The signal processing module 1305-a may include a modification flag or value tag
processing module 1405. The modification flag or value tag processing module 1405 may be
used, in some examples, to receive one or more modification flags, each of which indicates,
by a counter value or Boolean variable (e.g., a binary value), that a corresponding portion of
the first system information has changed. In some examples, the corresponding portion of the
first system information may include a portion of master system information, such as an
MSIB or element of an MSIB, In other examples, the corresponding portion of the first
system information may include additional non-master system information, such as an OSIB
or element of an OSIB. The master system information may include one or more of an
identification of the network, an identification of a base station in the network, cell selection
configuration and access restrictions, or network access configuration information. The
master system information may also or alternatively include, for example, one or more other
elements of the master system information described with reference to FIG. 3A. The
additional non-master system information may include one or more elements of the other
system information described with reference to FIG. 4 or 6. In some embodiments, the

modification flag may be received with (or as a part of) the first signal.

[0207] The modification flag or value tag processing module 1405 may also be used, in
some examples, to receive one or more value tags corresponding to at least a portion (or
different portions) of the first system information that has/have changed. In some examples,
the one or more value tags may correspond to one or more portions of master system
information (e.g., one or more MSIBs, or one or more elements of one or more MSIBs), one
or more portions of additional non-master system information (e.g., one or more OSIBs, or
one or more elements of one or more OSIBs), or a combination thereof. The master system
information may include one or more of an identification of the network, an identification of
a base station in the network, cell selection configuration and access restrictions, or network
access configuration information. The master system information may also or alternatively

include, for example, one or more other elements of the master system information described
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with reference to FIG. 3A. The additional non-master system information may include one or
more elements of the other system information described with reference to FIG. 4 or 6. In
some embodiments, one or more value tags may be received with (or as part of) the first

signal.

[0208] The signal processing module 1305-a or modification flag or value tag processing
module 1405 may also be used to determine, based at least in part on the first signal, a
modification flag included in the first signal, or one or more value tags included in the first
signal, to request updated system information. In some cases, determining to request updated
system information may include determining a received modification flag is set to TRUE. In
some cases, determining to request updated system information may include comparing a
received value tag with a previously received value tag), and determining to request the
updated system information based at least in part on the comparison (e.g., determining to

request the updated system information when the value tags do not match).

[0209] The UE SI request module 1310-a may be used to request updated system
information based at least in part on the determination made by the signal processing module
1305-a (e.g., to transmit the MSIB transmission request at 615 in FIG. 6 or to transmit the
OSIB transmission request at 630 in FIG. 6).

[0210] FIG. 15 shows a block diagram 1500 of a UE 115-1 for use in wireless
communication, in accordance with various aspects of the present disclosure. The UE 115-1
may have various configurations and may be included or be part of a personal computer (e.g.,
a laptop computer, a netbook computer, a tablet computer, efc.), a cellular telephone, a smart
phone, a PDA, a wireless modem, a USB dongle, a wireless router, a digital video recorder
(DVR), an internet appliance, a gaming console, an e-reader, efc. The UE 115-1 may, in some
examples, have an internal power supply (not shown), such as a small battery, to facilitate
mobile operation. In some examples, the UE 115-1 may be an example of aspects of one or
more of the UEs 115 described with reference to FIGs. 1-14. The UE 115-1 may be
configured to implement at least some of the UE features and functions described with

reference to FIGs. 1-14.

[0211] The UE 115-1 may include a UE processor module 1510, a UE memory module
1520, at least one UE transceiver module (represented by UE transceiver module(s) 1530), at

least one UE antenna (represented by UE antenna(s) 1540), or SI acquisition module 720-h.
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Each of these components may be in communication with each other, directly or indirectly,

over one or more buses 1535.

[0212] The UE memory module 1520 may include random access memory (RAM) or read-
only memory (ROM). The UE memory module 1520 may store computer-readable,
computer-executable code 1525 containing instructions that are configured to, when
executed, cause the UE processor module 1510 to perform various functions described herein
related to wireless communication, including, for example, transmissions of a pilot signal.
Alternatively, the code 1525 may not be directly executable by the UE processor module
1510 but be configured to cause the UE 115-1 (e.g., when compiled and executed) to perform

various of the functions described herein.

[0213] The UE processor module 1510 may include an intelligent hardware device, e.g., a
central processing unit (CPU), a microcontroller, an ASIC, efc. The UE processor module
1510 may process information received through the UE transceiver module(s) 1530 or
information to be sent to the UE transceiver module(s) 1530 for transmission through the UE
antenna(s) 1540. The UE processor module 1510 may handle various aspects of

communicating over (or managing communications over) a wireless medium.

[0214] The UE transceiver module(s) 1530 may include a modem configured to modulate
packets and provide the modulated packets to the UE antenna(s) 1540 for transmission, and
to demodulate packets received from the UE antenna(s) 1540. The UE transceiver module(s)
1530 may, in some examples, be implemented as one or more UE transmitter modules and
one or more separate UE receiver modules. The UE transceiver module(s) 1530 may support
communications on one or more wireless channels. The UE transceiver module(s) 1530 may
be configured to communicate bi-directionally, via the UE antenna(s) 1540, with one or more
base stations, such as one or more of the base stations 105 described with reference to FIG. 1,
2,4, or 6. While the UE 115-1 may include a single UE antenna, there may be examples in
which the UE 115-1 may include multiple UE antennas 1540.

[0215] The UE state module 1550 may be used, for example, to manage transitions of the
UE 115-1 between RRC connected states, and may be in communication with other
components of the UE 115-1, directly or indirectly, over the one or more buses 1535. The UE

state module 1550, or portions of it, may include a processor, and/or some or all of the
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functions of the UE state module 1550 may be performed by the UE processor module 1510

or in connection with the UE processor module 1510.

[0216] The SI acquisition module 720-h may be configured to perform or control some or
all of the system information acquisition features or functions described with reference to
FIGs. 1-14. The SI acquisition module 720-h, or portions of it, may include a processor, or
some or all of the functions of the SI acquisition module 720-h may be performed by the UE
processor module 1510 or in connection with the UE processor module 1510. In some
examples, the SI acquisition module 720-h may be an example of the SI acquisition module

720 described with reference to FIGs. 7-14.

[0217] FIG. 16 shows a block diagram 1600 of a base station 105-e for wireless
communication, in accordance with various aspects of the present disclosure. The base
station 105-e may be an example of one or more aspects of a base stations 105 described with
reference to FIGs. 1-6. The base station 105-e may also be or include a processor. The base
station 105-e may include a base station (or RRH) receiver module 1610, an SI transmission
module 1620, or a base station (or RRH) transmitter module 1630. The SI transmission
module 1620 may include an SI transmission mode module 1635, a base station SI request
module 1640, or an SI transmit module 1645. Each of these modules may be in
communication with each other. In configurations of the base station 105-e including one or
more RRHs, aspects of one or more of the modules 1610, 1620, or 1630 may be moved to

each of the one or more RRHs.

[0218] The base station 105-¢, through the base station receiver module 1610, the SI
transmission module 1620, and/or the base station transmitter module 1630, may be
configured to perform aspects of the functions described herein. For example, the base
station 105-e may be configured to determine an SI transmission mode, receive requests for
SI (from a UE 115, for example), and transmit the SI in accordance with one or more of the
received requests and the determined transmission modes, as described in greater detail

herein.

[0219] The components of the base station 105-e may, individually or collectively, be
implemented using one or more ASICs adapted to perform some or all of the applicable
functions in hardware. Alternatively, the functions may be performed by one or more other

processing units (or cores), on one or more integrated circuits. In other examples, other types



10

15

20

25

30

WO 2016/130353 PCT/US2016/015990
63

of integrated circuits may be used (e.g., Structured/Platform ASICs, FPGAs, a SoC, or other
Semi-Custom ICs), which may be programmed in any manner known in the art. The
functions of each component may also be implemented, in whole or in part, with instructions
embodied in a memory, formatted to be executed by one or more general or application-

specific processors.

[0220] In some examples, the base station receiver module 1610 may include at least one
RF receiver. The base station receiver module 1610 or RF receiver may be used to receive
various types of data or control signals (7.e., transmissions) over one or more communication
links of a wireless communication system, such as one or more communication links of the
wireless communication system 100 described with reference to FIG. 1. As an example, the
base station receiver module 1610 may be used to receive an MSIB transmission request
signal 332, 345, 360, as described with reference to FIGs. 3A, 3B, and 4. The receipt and
processing of the SI request signals (for example, the MSIB transmission request signal 332,
345, 360 of FIG. 3A) may be additionally facilitated through the SI transmission module

1620, as described in greater detail below.

[0221] In some examples, the base station transmitter module 1630 may include at least
one RF transmitter. The base station transmitter module 1630 or RF transmitter may be used
to transmit various types of data or control signals (i.e., transmissions) over one or more
communication links of a wireless communication system, such as one or more
communication links of the wireless communication system 100 described with reference to
FIG. 1. As an example, the base station transmitter module 1630 may be used to transmit a
periodic sync signal 310, 325, 340, or 355, as described with reference to FIGs. 3A, 3B, and
4. The base station transmitter module 1630 may also be used to transmit various signals that
include one or more forms of SI, such as the broadcast MSIBs 315, 330, 342, or the unicast
MSIB 358, as also described with reference to FIGs. 3A, 3B, and 4. The transmission of the
synchronization signals and the SI signals may be additionally facilitated through the SI

transmission module 1620, as described in greater detail below.

[0222] The SI transmission module 1620 may be used to manage one or more aspects of
wireless communication for the base station105-e. In particular, the SI transmission module
1620 may be used to facilitate the transmission of SI from the base station 105-¢, in

accordance to aspects of some of the embodiments described above. The SI transmission
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module 1620 may include an SI transmission mode module 1635, a base station SI request

module 1640, or an SI transmit module 1645.

[0223] The SI transmission mode module 1635 may be used by the base station 105-e to
facilitate determination by the base station 105-e of an SI transmission mode and
transmission by the base station 105-e of a periodic sync signal 310, 325, 340, 355, as
illustrated in FIGs. 3A, and 4, for example. Examples of the different transmission modes
may be illustrated and described above with relation to FIG. 3A. For example, one
transmission mode may include an SI broadcast having fixed periodic scheduling and
targeting a cell edge, as illustrated in the transmission/reception timeline 305 of FIG. 3A. In
this example, the base station 105-e may transmit a periodic sync signal 310 which may
indicate to UEs 115 that SI information is to be periodically broadcast without the need for
the UEs 115 to transmit a specific request for SI. This SI transmission mode may be
beneficially used when many UEs 115 are requesting SI. Because the SI transmission is a
broadcast, the number of UEs 115 requiring SI will have no effect on the transmission of SI.
However, this SI transmission mode may also include some drawbacks. Namely, a broadcast
that targets a cell edge may require a significant transmission power and thus may result in
radio resource wastage if the number of UEs 115 camped on the cell or zone is low.
Additionally, in this transmission mode, the base station 105-e may broadcast SI regardless of
the number of UEs 115 camped on the cell or zone. Even if no UEs 115 are camped on the
cell or zone, the base station 105-e may continue to broadcast SI, thus resulting in resource

wastage and possible interference.

[0224] Another transmission mode may include an SI broadcast having an on-demand
periodic scheduling and that targets a cell edge, as illustrated in the transmission/reception
timeline 320 of FIG. 3A. In this example, the base station 105-e may transmit a periodic sync
signal 325 which may indicate to UEs 115 that SI information is to be periodically broadcast
in response to an MSIB transmission request signal 332. This SI transmission mode may be
beneficially used such that the base station 105-¢ is not required to perform resource
allocation and data scheduling on a per UE basis but can just continue a periodic broadcast.
Additionally, if no UEs 115 are requesting SI, the base station 105-e may discontinue its

broadcasts in order to save energy and reduce interference. Conversely, the broadcast
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targeting of a cell edge may still require a significant power usage, which may still result in

power wastage and possible interference.

[0225] Yet another transmission mode may include an SI broadcast having an on-demand
aperiodic scheduling and that targets a group of UEs 115, as illustrated in the
transmission/reception timeline 335 of FIG. 3A. In this example, the base station 105-e may
transmit a periodic sync signal 340 which may indicate to UEs 115 that SI information is to
be aperiodically broadcast in response to an MSIB transmission request signal 345. This SI
transmission mode may be beneficially used such that the base station 105-e is able to stop SI
broadcasts when no UEs are requesting SI, thus saving energy and reducing possible
interference. Additionally, because the base station 105-e is targeting only a group of UEs
115 (instead of a cell edge), less transmission power is required. However, in this
transmission mode, the base station 105-e may be required to optimize SI transmission for
groups of UEs, thus potentially levying a higher processing load. Additionally, this mode is
still not as efficient as unicast transmission, though efficiency may depend on a number of

UEs 115 requesting SL.

[0226] A fourth transmission mode may include an ST unicast having on-demand aperiodic
scheduling and that targets a single UE 115, as illustrated in the transmission/reception
timeline 350 of FIG. 3A. In this example, the base station 105-e may transmit a periodic sync
signal 355 which may indicate to UEs 115 that SI information is to be aperiodically unicast in
response to an MSIB transmission request signal 360. This SI transmission mode has
benefits of allowing the base station 105-¢e to stop SI transmission when no UEs 115 are
requesting SI, and can provide high efficiency in providing SI to UEs 115. This mode may,

however, have an accompanying increase in processing loads at the base station 105-e.

[0227] The transmission modes described above have been generally described using the
terms broadcast and unicast, which may be most appropriately used when the network in
which the base station 105-e is participating is a non-massive MIMO network. On the other
hand, if a massive MIMO environment is configured, broad-beam and narrow-beam
transmissions may be used in place of broadcast or unicast transmissions. A broad-beam
transmission may provide wide coverage which can serve more than one UE 115, though a
broad-beam transmission may require additional radio resources with respect to a narrow-

beam transmission which serves only a single UE 115.
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[0228] In general, a broad-beam or broadcast operation offers better efficiency in situations
where there are many UEs 115 attempting to acquire SI, while a narrow-beam or unicast
operation offers better efficiency in situations where there are a smaller number of UEs 115

attempting to acquire SI.

[0229] The SI transmission mode module 1635 may facilitate a transition between
transmission modes, for example. One implementation may include the changing of
transmission modes based on a number of UEs 115 requesting SI acquisition, network load,

congestion status, or available radio resources.

[0230] For example, in a non-massive MIMO situation, if the number of UEs 115
requesting SI acquisition is greater than a predetermined threshold number N, then the SI
transmission mode module 1635 may determine to include an indicator in a periodic sync
signal 310 that indicates that the SI will be periodically broadcast (e.g., the indicator may
indicate that SI transmission is fixed). In this situation, the base station 105-e may
periodically broadcast the SI without requiring a specific SI request from a UE 115, and UEs
115 may acquire the SI by monitoring an SI-RNTI and/or an RNTI assigned for the
concerned UE (e.g., a C-RNTI/Z-RNTI) if present, for example, and as described above.

[0231] If, however, in the non-massive MIMO situation, the number of UEs 115 requesting
ST acquisition is not greater than or equal to the predetermined threshold number N or is
smaller than the predetermined the threshold number N, the SI transmission mode module
1635 may determine to include an indicator in a periodic sync signal 325, 340, 355 that
indicates that the SI will be transmitted in response to a request (e.g., the indicator may
indicate that SI transmission is on-demand). In this situation, the base station 105-e may
transmit the SI in response to a specific SI request from a UE 115, and UEs 115 may acquire
the SI by monitoring an SI-RNTT and/or an RNTT assigned for the concerned UE (e.g., a C-
RNTI/Z-RNTI) if present, for example, and as described above. In this situation, the base-
station 105-e may transmit the SI by either broadcasting the SI in accordance with on-demand
periodic scheduling targeting a cell edge, broadcasting the SI in accordance with on-demand
aperiodic scheduling targeting a group of UEs 115, or unicasting the SI in accordance with

on-demand aperiodic scheduling targeting a single UE 115.

[0232] In a massive MIMO situation, if the number of UEs 115 requesting SI acquisition is

greater than a predetermined threshold number N, then the SI transmission mode module
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1635 may determine to include an indicator in a periodic sync signal 310 that indicates that
the SI will be periodically transmitted via a broad-beam operation (e.g., the indicator may
indicate that SI transmission is fixed). In this situation, the base station 105-e may
periodically transmit via broad-beam the SI without requiring a specific SI request from a UE
115, and UEs 115 may acquire the SI by monitoring an SI-RNTI and/or an RNTTI assigned for
the concerned UE (e.g., a C-RNTI/Z-RNTI) if present, for example, and as described above.

[0233] If, however, in the massive MIMO situation, the number of UEs 115 requesting SI
acquisition is not greater than or equal to the predetermined threshold number N, or is smaller
than the predetermined threshold number N, the SI transmission mode module 1635 may
determine to include an indicator in a periodic sync signal 325, 340, 355 that indicates that
the SI will be transmitted in response to a request (e.g., the indicator may indicate that SI
transmission is on-demand). The SI transmission may be either broad-beam or narrow-beam.
In this situation, the base station 105-e may transmit the SI in response to a specific SI
request from a UE 115, and UEs 115 may acquire the SI by monitoring an SI-RNTI and/or an
RNTTI assigned for the concerned UE (e.g., a C-RNTI/Z-RNT]I) if present, for example, and
as described above. In this situation, the base-station 105-e may transmit the SI by either
using a broad-beam transmission of the SI in accordance with on-demand periodic scheduling
targeting a cell edge, using a broad-beam transmission of the SI in accordance with on-
demand aperiodic scheduling targeting a group of UEs 115, or by using a narrow-beam
transmission of the SI in accordance with on-demand aperiodic scheduling targeting a single

UE 115.

[0234] In the event that the base station 105-e is operating in a network using an on-
demand SI mode, meaning that the base station 105-¢ is to receive a request from a UE 115
prior to the base station 105-e transmitting SI, the base station SI request module 1640 may
be used to facilitate the receipt of such a request. As an example, the base station SI request
module 1640 may be used to receive any one of the MSIB transmission request signals 332,
345, 360 of FIG. 3A. The MSIB transmission request signals 332, 345, 360 may be sent in
accordance with information included with the periodic sync signals 325, 340, 355, such as

destination and/or timing to be used for the MSIB transmission request signals 332, 345, 360.

[0235] The SI transmit module 1645 may be used to facilitate the transmission of SI to the

UEs 115. The SI may be transmitted as a broadcast or broad-beam operation without any
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need for a request sent by a UE 115. In this example, the SI transmission mode module 1635
may indicate to the SI transmit module 1645 that SI is to be transmitted via a broadcast or a
broad-beam operation. The SI transmit module 1645 may then facilitate transmission of the
SIin accordance with information included with the periodic sync signal 310, such as on a
predetermined channel or timing of the SI broadcast. In another example. the SI may be
transmitted as either a broadcast or a unicast (or a broad-beam operation or a narrow-beam
operation) in response to a request sent by a UE 115. In these examples, the SI transmission
mode module 1635 may indicate to the SI transmit module 1645 that SI is to be transmitted
as either a broadcast or a unicast (or a broad-beam operation or a narrow-beam operation) in
response to a request. The SI transmit module 1645 may then facilitate transmission of the SI
in accordance with information included with the periodic sync signals 325, 340, 355, such as
use of a predetermined channel or timing of the SI broadcast or unicast (or broad-beam

operation or narrow-beam operation).

[0236] FIG. 17 shows a block diagram 1700 of a base station 105-f for use in wireless
communication, in accordance with various examples. The base station 105-f may be an
example of one or more aspects of a base station 105 described with reference to FIGs. 1-6
and 14. The base station 105-f may include a base station (or RRH) receiver module 1610-a,
an SI transmission module 1620-a, or a base station (or RRH) transmitter module 1630-a,
which may be examples of the corresponding modules of base station 105-e (of FIG. 16).

The base station 105-f may also include a processor (not shown). Each of these components
may be in communication with each other. The SI transmission module 1620-a may include
an SI transmission mode module 1635-a, a base station SI request module 1640-a, or an SI
transmit module 1645-a. The SI transmission mode module 1635-a may further include a
sync signal transmit module 1705 or an SI transmission mode determination module 1710.
The base station receiver module 1610-a and the base station transmitter module 1630-a may
perform the functions of the base station receiver module 1610 and the base station
transmitter module 1630, of FIG. 16, respectively. In configurations of the base station 105-f
including one or more RRHs, aspects of one or more of the modules 1610-a, 1620-a, or 1630-

a may be moved to each of the one or more RRHs.

[0237] The modules of the base station 105-f may, individually or collectively, be

implemented using one or more ASICs adapted to perform some or all of the applicable
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functions in hardware. Alternatively, the functions may be performed by one or more other
processing units (or cores), on one or more integrated circuits. In other examples, other types
of integrated circuits may be used (e.g., Structured/Platform ASICs, FPGAs, a SoC, or other
Semi-Custom ICs), which may be programmed in any manner known in the art. The
functions of each module may also be implemented, in whole or in part, with instructions
embodied in a memory, formatted to be executed by one or more general or application-

specific processors.

[0238] The sync signal transmit module 1705 of the SI transmission mode module 1635-a
may be used by the base station 105-f to transmit a periodic sync signal to indicate to UEs
115 whether SI acquisition is to be performed via a fixed periodic mode or via an on-demand
mode. The sync signal transmit module 1705 may transmit a periodic sync signal 310, 325,

340, 355, as illustrated in FIG. 3A, for example.

[0239] The base station 105-f may further operate in a specific SI transmission mode,
which may be determined through the use of the SI transmission mode determination module
1710. Examples of the different transmission modes may be illustrated and described above
with relation to FIG. 3A. For example, one transmission mode may include an SI broadcast
having fixed periodic scheduling and targeting a cell edge, as illustrated in the
transmission/reception timeline 305 of FIG. 3A. In this example, the base station 105-f may
transmit a periodic sync signal 310 which may indicate to UEs 115 that SI information is to
be periodically broadcast without the need for the UEs 115 to transmit a specific request for

SL

[0240] Another transmission mode may include an SI broadcast having an on-demand
periodic scheduling and that targets a cell edge, as illustrated in the transmission/reception
timeline 320 of FIG. 3A. In this example, the base station 105-f may transmit a periodic sync
signal 325 which may indicate to UEs 115 that SI information is to be periodically broadcast

in response to an MSIB transmission request signal 332.

[0241] Yet another transmission mode may include an SI broadcast having an on-demand
aperiodic scheduling and that targets a group of UEs 115, as illustrated in the
transmission/reception timeline 335 of FIG. 3A. In this example, the base station 105-f may
transmit a periodic sync signal 340 which may indicate to UEs 115 that SI information is to

be aperiodically broadcast in response to an MSIB transmission request signal 345.
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[0242] A fourth transmission mode may include an ST unicast having on-demand aperiodic
scheduling and that targets a single UE 115, as illustrated in the transmission/reception

timeline 350 of FIG. 3A. In this example, the base station 105-f may transmit a periodic sync
signal 355 which may indicate to UEs 115 that SI information is to be aperiodically unicast in

response to an MSIB transmission request signal 360.

[0243] The transmission modes described above have been generally described using the
terms broadcast and unicast, which may be most appropriately used when the network in
which the base station 105-f is participating is a non-massive MIMO network. On the other
hand, if a massive MIMO environment is configured, broad-beam and narrow-beam
transmissions may be used in place of broadcast or unicast transmissions. A broad-beam
transmission may provide wide coverage which can serve more than one UE 115, though a
broad-beam transmission may require additional radio resources with respect to a narrow-

beam transmission which serves only a single UE 115.

[0244] In general, a broad-beam or broadcast operation offers better efficiency in situations
where there are many UEs 115 attempting to acquire SI, while a narrow-beam or unicast
operation offers better efficiency in situations where there are a smaller number of UEs 115

attempting to acquire SI.

[0245] The SI transmission mode determination module 1710 may facilitate a transition
between transmission modes, for example. One implementation may include the changing of
transmission modes based on a number of UEs 115 requesting ST acquisition, network load,

congestion status, or available radio resources.

[0246] For example, in a non-massive MIMO situation, if the number of UEs 115
requesting SI acquisition is greater than a predetermined threshold number N, then the SI
transmission mode determination module 1710 may determine to include an indicator in a
periodic sync signal 310 that indicates that the SI will be periodically broadcast (e.g., the
indicator may indicate that SI transmission is fixed). In this situation, the base station 105-f
may periodically broadcast the SI without requiring a specific SI request from a UE 115, and
UEs 115 may acquire the SI by monitoring an SI-RNTI and/or an RNTT assigned for the
concerned UE (e.g., a C-RNTI/Z-RNTI) if present, for example, and as described above.
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[0247] If, however, in the non-massive MIMO situation, the number of UEs 115 requesting
ST acquisition is not greater than or equal to the predetermined threshold number N, or is
smaller than the predetermined threshold number N, the SI transmission mode determination
module 1710 may determine to include an indicator in a periodic sync signal 325, 340, 355
that indicates that the SI will be transmitted in response to a request (e.g., the indicator may
indicate that SI transmission is on-demand). In this situation, the base station 105-f may
transmit the SI in response to a specific SI request from a UE 115, and UEs 115 may acquire
the SI by monitoring an SI-RNTT and/or an RNTT assigned for the concerned UE (e.g., a C-
RNTI/Z-RNTI) if present, for example, and as described above. In this situation, the base-
station 105-f may transmit the SI by either broadcasting the SI in accordance with on-demand
periodic scheduling targeting a cell edge, broadcasting the SI in accordance with on-demand
aperiodic scheduling targeting a group of UEs 115, or unicasting the SI in accordance with

on-demand aperiodic scheduling targeting a single UE 115.

[0248] In a massive MIMO situation, if the number of UEs 115 requesting SI acquisition is
greater than a predetermined threshold number N, then the SI transmission mode
determination module 1710 may determine to include an indicator in a periodic sync signal
310 that indicates that the SI will be periodically transmitted via a broad-beam operation
(e.g., the indicator may indicate that SI transmission is fixed). In this situation, the base
station 105-f may periodically transmit via broad-beam the SI without requiring a specific SI
request from a UE 115, and UEs 115 may acquire the SI by monitoring an SI-RNTI and/or an
RNTTI assigned for the concerned UE (e.g., a C-RNTI/Z-RNT]I) if present, for example, and

as described above.

[0249] If, however, in the massive MIMO situation, the number of UEs 115 requesting SI
acquisition is not greater than or equal to the predetermined threshold number N, or is smaller
than the predetermined threshold number N, the SI transmission mode determination module
1710 may determine to include an indicator in a periodic sync signal 325, 340, 355 that
indicates that the SI will be transmitted in response to a request (e.g., the indicator may
indicate that SI transmission is on-demand). The SI transmission may be either broad-beam
or narrow-beam. In this situation, the base station 105-f may transmit the SI in response to a
specific SI request from a UE 115, and UEs 115 may acquire the SI by monitoring an SI-
RNTI and/or an RNTI assigned for the concerned UE (e.g., a C-RNTI/Z-RNT]I) if present, for
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example, and as described above. In this situation, the base-station 105-f may transmit the SI
by either using a broad-beam transmission of the SI in accordance with on-demand periodic
scheduling targeting a cell edge, using a broad-beam transmission of the SI in accordance
with on-demand aperiodic scheduling targeting a group of UEs 115, or by using a narrow-
beam transmission of the SI in accordance with on-demand aperiodic scheduling targeting a

single UE 115.

[0250] In the event that the base station 105-f is operating in a network using an on-
demand SI mode, meaning that the base station 105-f is to receive a request from a UE 115
prior to the base station 105-f transmitting SI, the base station SI request module 1640-a may
be used to facilitate the receipt of such a request. As an example, the base station SI request
module 1640-a may be used to receive any one of the MSIB transmission request signals 332,
345, 360 of FIG. 3A. The MSIB transmission request signals 332, 345, 360 may be sent in
accordance with information included with the periodic sync signals 325, 340, 355, such as

destination and/or timing to be used for the MSIB transmission request signals 332, 345, 360.

[0251] The SI transmit module 1645-a may be used to facilitate the transmission of SI to
the UEs 115. The SI may be transmitted as a broadcast or broad-beam operation without any
need for a request sent by a UE 115. In this example, the SI transmission mode module
1635-a may indicate to the SI transmit module 1645-a that SI is to be transmitted via a
broadcast or a broad-beam operation. The SI transmit module 1645-a may then facilitate
transmission of the SI in accordance with information included with the periodic sync signal
310, such as on a predetermined channel or timing of the SI broadcast. In another example.
the SI may be transmitted as either a broadcast or a unicast (or a broad-beam operation or a
narrow-beam operation) in response to a request sent by a UE 115. In these examples, the SI
transmission mode module 1635-a may indicate to the SI transmit module 1645-a that Sl is to
be transmitted as either a broadcast or a unicast (or a broad-beam operation or a narrow-beam
operation) in response to a request. The SI transmit module 1645-a may then facilitate
transmission of the SI in accordance with information included with the periodic sync signals
325, 340, 355, such as use of a predetermined channel or timing of the SI broadcast or unicast

(or broad-beam operation or narrow-beam operation).

[0252] FIG. 18 shows a block diagram 1800 of a base station 105-g for use in wireless

communication, in accordance with various aspects of the present disclosure. The base
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station 105-g may be an example of aspects of one or more of the base stations 105 described
with reference to FIGs. 1-6, 16, and 17. The base station 105-g may include a base station (or
RRH) receiver module 1610-b, an SI transmission module 1620-b, or a base station (or RRH)
transmitter module 1630-b, which may be examples of the corresponding modules of base
station 105-e (of FIG. 16). The base station 105-g may also include a processor (not shown).
Each of these components may be in communication with each other. The SI transmission
module 1620-b may include a service-specific SI transmission mode module 1805, a base
station service-specific SI request module 1810, or an SI transmit module 1645-b. The base
station receiver module 1610-b and the base station transmitter module 1630-b may perform
the functions of the base station receiver module 1610 and the base station transmitter module
1630, of FIG. 16, respectively. In addition, the base station receiver module 1610-b may be
used to receive SI signals such as the SIB Tx requests 372, 388 of FIG. 3B; and the base
station transmitter module 1630-b may be used to transmit service-specific SIBs 375, 390 of
FIG. 3B. In configurations of the base station 105-g including one or more RRHs, aspects of
one or more of the modules 1610-b, 1620-b, or 1630-b may be moved to each of the one or

more RRHs.

[0253] The modules of the base station 105-g may, individually or collectively, be
implemented using one or more ASICs adapted to perform some or all of the applicable
functions in hardware. Alternatively, the functions may be performed by one or more other
processing units (or cores), on one or more integrated circuits. In other examples, other types
of integrated circuits may be used (e.g., Structured/Platform ASICs, FPGAs, a SoC, or other
Semi-Custom ICs), which may be programmed in any manner known in the art. The
functions of each module may also be implemented, in whole or in part, with instructions
embodied in a memory, formatted to be executed by one or more general or application-

specific processors.

[0254] In some examples, the base station receiver module 1610-b may include at least one
RF receiver. The base station receiver module 1610-b or RF receiver may be used to receive
various types of data or control signals (7.e., transmissions) over one or more communication
links of a wireless communication system, such as one or more communication links of the
wireless communication system 100 described with reference to FIG. 1. As an example, the

base station receiver module 1610-b may be used to receive a request for service-specific SI,



10

15

20

25

30

WO 2016/130353 PCT/US2016/015990
74

as described with reference to FIG. 3B. The receipt and processing of the service-specific SI
requests (for example, the SIB Tx requests 372, 388 of FIG. 3B) may be additionally

facilitated through the SI transmission module 1620-b, as described in greater detail below.

[0255] In some examples, the base station transmitter module 1630-b may include at least
one RF transmitter. The base station transmitter module 1630-b or RF transmitter may be
used to transmit various types of data or control signals (i.e., transmissions) over one or more
communication links of a wireless communication system, such as one or more
communication links of the wireless communication system 100 described with reference to
FIG. 1. As an example, the base station transmitter module 1630-b may be used to transmit a
service-specific periodic sync signal 370, 385 and service-specific SIBs 375, 390, as
described with reference to FIG. 3B. The transmission of the service-specific periodic sync
signals 370, 385 and service-specific SIBs 375, 390, for example, may be additionally

facilitated through the SI transmission module 1620-b, as described in greater detail below.

[0256] The SI transmission module 1620-b may be used to manage one or more aspects of
wireless communication for the base station 105-g. In particular, in the base station 105-g,
the SI transmission module 1620-b may be used to facilitate the transmission of service-
specific SI'to a UE 115, in accordance to aspects of some of the embodiments described
above. The SI transmission module 1620-b may include a service-specific SI transmission
mode module 1805, a base station service-specific SI request module 1810, or an SI transmit

module 1645-b.

[0257] The service-specific SI transmission mode module 1805 may be used by the base
station 105-g to facilitate transmission by the base station 105-g of a service-specific periodic
sync signal 370, 385, as illustrated in FIG. 3B, for example. The transmitted service-specific
periodic sync signal 370, 385 may indicate to a UE 115 that service-specific Sl is available
for the UE 115. The service-specific periodic sync signal 370, 385 may also indicate whether
the UE 115 is to transmit one or more request signals, such as an SIB Tx request 372, 388, for
example, in order to receive a service-specific SIB 375, 390. A service-specific periodic sync
signal 370 may indicate that the service-specific Sl is to be broadcast at a specific time and
using specific resources. Alternatively, a service-specific periodic sync signal 370 may
indicate that the service-specific SI is to be requested in accordance with a schedule. In yet

another embodiment, a service-specific periodic sync signal 385 may indicate that service-
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specific Sl is available by request but that a UE 115 must explicitly request the service-
specific SI.

[0258] In the event that the service-specific SI transmission mode module 1805 indicates in
a service-specific periodic sync signal 370, 385 that a UE 115 is to transmit a request for
service-specific SI, the base station service-specific SI request module 1810 may be used by
the base station 105-g to receive any such requests. Requests for service-specific SI may be
in the form of SIB Tx requests 372, 288, as described in FIG. 3B. An SIB Tx request 372
may be received by the base station service-specific SI request module 1810 at a time
indicated in a schedule included with the service-specific periodic sync signal 370, and may
thus indicate to the base station 105-g that a corresponding service-specific SIis to be
transmitted to the requesting UE 115. Alternatively, the base station 105-g may receive an

SIB Tx request 388 which explicitly requests service-specific SI.

[0259] The SI transmit module 1645-b may be used to facilitate the transmission of
service-specific SI to a UE 115. The service-specific SI may be transmitted as a broadcast
without any need for a request sent by a UE 115. In this example, the service-specific SI
transmission mode module 1805 may indicate to the SI transmit module 1645-b that service-
specific Sl is to be transmitted via a broadcast. The SI transmit module 1645-b may then
facilitate transmission of the service-specific SI in accordance with a service-specific periodic
sync signal 370, for example, using a predetermined channel or timing of the service-specific
SI broadcasts. In another example. the service-specific SI may be transmitted as either a
broadcast or a unicast in response to a request sent by a UE 115. In these examples, the
service-specific SI transmission mode module 1805 may indicate to the SI transmit module
1645-b that service-specific SI is to be transmitted as either a broadcast or a unicast in
response to a request. The SI transmit module 1645-b may then facilitate transmission of the
service-specific SI in accordance with information included with the service-specific periodic

sync signal 370, 385 and in accordance with a received SIB Tx request 372, 388.

[0260] FIG. 19 shows a block diagram 1900 of a base station 105-h for use in wireless
communication, in accordance with various aspects of the present disclosure. The base
station 105-h may be an example of aspects of one or more of the base stations 105 described
with reference to FIGs. 1-6 and 16-18. The base station 105-h may include a base station (or

RRH) receiver module 1610-¢, an SI transmission module 1620-c, or a base station (or RRH)
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transmitter module 1630-c, which may be examples of the corresponding modules of base
station 105-e (of FIG. 16). The base station 105-h may also include a processor (not shown).
Each of these components may be in communication with each other. The SI transmission
module 1620-c may include a service-specific SI transmission mode module 1805-a, a base
station service-specific SI request module 1810-a, or an SI transmit module 1645-c. The
service-specific SI transmission mode module 1805-a may further include a sync signal
transmit module 1905 and/or a service-specific SI transmission mode determination module
1910. The base station receiver module 1610-c and the base station transmitter module 1630-
¢ may perform the functions of the base station receiver module 1610 and the base station
transmitter module 1630, of FIG. 16, respectively. In addition, the base station receiver
module 1610-c may be used to receive SI signals such as the SIB Tx requests 372, 388 of
FIG. 3B; and the base station transmitter module 1630-c may be used to transmit service-
specific SIBs 375, 390 of FIG. 3B. In configurations of the base station 105-h including one
or more RRHs, aspects of one or more of the modules 1610-c, 1620-c, or 1630-c may be

moved to each of the one or more RRHs.

[0261] The modules of the base station 105-h may, individually or collectively, be
implemented using one or more ASICs adapted to perform some or all of the applicable
functions in hardware. Alternatively, the functions may be performed by one or more other
processing units (or cores), on one or more integrated circuits. In other examples, other types
of integrated circuits may be used (e.g., Structured/Platform ASICs, FPGAs, a SoC, or other
Semi-Custom ICs), which may be programmed in any manner known in the art. The
functions of each module may also be implemented, in whole or in part, with instructions
embodied in a memory, formatted to be executed by one or more general or application-

specific processors.

[0262] The SI transmission module 1620-c may be used to manage one or more aspects of
wireless communication for the base station 105-h. In particular, in the base station 105-h,
the SI transmission module 1620-¢ may be used to facilitate the transmission of service-
specific SI'to a UE 115, in accordance to aspects of some of the embodiments described

above.

[0263] The service-specific SI transmission mode module 1805-a may include a sync

signal transmit module 1905 and/or a service-specific SI transmission mode determination
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module 1910. The sync signal transmit module 1905 may be used by the base station 105-h
to facilitate transmission by the base station 105-h of a service-specific periodic sync signal
370, 385, as illustrated in FIG. 3B, for example. The transmitted service-specific periodic
sync signal 370, 385 may indicate to a UE 115 whether service-specific SI is available for the
UE 115, and whether the UE 115 may obtain the service-specific SI through broadcast or
request. Thus, the service-specific SI transmission mode determination module 1910 may be
used to determine how a UE 115 1s to obtain service-specific SI, and then the service-specific
SI transmission mode determination module 1910 can include that indication within a
service-specific periodic sync signal 370, 385. Therefore, a service-specific periodic sync
signal 370, 385 may indicate whether a UE 115 is to transmit one or more request signals,
such as an SIB Tx request 372, 388, for example, in order to receive a service-specific SIB
375, 390. A service-specific periodic sync signal 370 may indicate that the service-specific
ST is to be broadcast at a specific time and using specific resources. Alternatively, a service-
specific periodic sync signal 370 may indicate that the service-specific Sl is to be requested
in accordance with a schedule. In yet another embodiment, a service-specific periodic sync
signal 385 may indicate that service-specific SI is available by request but that a UE 115 must

explicitly request the service-specific SL.

[0264] In the event that the service-specific SI transmission mode determination module
1910 indicates in a service-specific periodic sync signal 370, 385 that a UE 115 is to transmit
a request for service-specific SI, the base station service-specific SI request module 1810-a
may be used by the base station 105-h to receive any such requests. Requests for service-
specific SI may be in the form of SIB Tx requests 372, 288, as described in FIG. 3B. An SIB
Tx request 372 may be received by the base station service-specific SI request module 1810-a
at a time indicated in a schedule included with the service-specific periodic sync signal 370,
and may thus indicate to the base station 105-h that a corresponding service-specific SI is to
be transmitted to the requesting UE 115. Alternatively, the base station 105-h may receive an

SIB Tx request 388 which explicitly requests service-specific SI.

[0265] The SI transmit module 1645-c may be used to facilitate the transmission of
service-specific SI'to a UE 115. The service-specific SI may be transmitted as a broadcast
without any need for a request sent by a UE 115. In this example, the service-specific SI

transmission mode determination module 1910 may indicate to the SI transmit module 1645-
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c that service-specific SI is to be transmitted via a broadcast. The SI transmit module 1645-c
may then facilitate transmission of the service-specific SI in accordance with a service-
specific periodic sync signal 370, for example, using a predetermined channel or timing of
the service-specific SI broadcasts. In another example. the service-specific SI may be
transmitted as either a broadcast or a unicast in response to a request sent by a UE 115. In
these examples, the service-specific SI transmission mode determination module 1910 may
indicate to the SI transmit module 1645-c that service-specific SI is to be transmitted as either
a broadcast or a unicast in response to a request. The SI transmit module 1645-c may then
facilitate transmission of the service-specific SI in accordance with information included with
the service-specific periodic sync signal 370, 385 and in accordance with a received SIB Tx

request 372, 388.

[0266] FIG. 20 shows a block diagram 2000 of a base station 105-1 for use in wireless
communication, in accordance with various aspects of the present disclosure. The base
station 105-1 may be an example of aspects of one or more of the base stations 105 described
with reference to FIGs. 1-6 and 16-19. The base station 105-1 may include a base station (or
RRH) receiver module 1610-d, an SI transmission module 1620-d, or a base station (or RRH)
transmitter module 1630-d, which may be examples of the corresponding modules of base
station 105-e (of FIG. 16). The base station 105-i may also include a processor (not shown).
Each of these components may be in communication with each other. The SI transmission
module 1620-d may include a master SI transmission management module 2005, an SI
request processing module 2010, or an other SI transmission management module 2015. The
base station receiver module 1610-d and the base station transmitter module 1630-d may
perform the functions of the base station receiver module 1610 and the base station
transmitter module 1630, of FIG. 16, respectively. In addition, the base station receiver
module 1610-d may be used to receive SI signals such as the MSIB transmission request
signal 332, 345, 360, 415, or 615 of FIGs. 3A, 4, and 6, or the OSIB transmission request 430
or 630 of FIGs. 4 and 6; and the base station transmitter module 1630-d may be used to
transmit SI signals such as the OSIB 440, 445, 640, or 645 of FIGs. 4 and 6. In
configurations of the base station 105-1 including one or more RRHs, aspects of one or more

of the modules 1610-d, 1620-d, or 1630-d may be moved to each of the one or more RRHs.
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[0267] The modules of the base station 105-1 may, individually or collectively, be
implemented using one or more ASICs adapted to perform some or all of the applicable
functions in hardware. Alternatively, the functions may be performed by one or more other
processing units (or cores), on one or more integrated circuits. In other examples, other types
of integrated circuits may be used (e.g., Structured/Platform ASICs, FPGAs, a SoC, or other
Semi-Custom ICs), which may be programmed in any manner known in the art. The
functions of each module may also be implemented, in whole or in part, with instructions
embodied in a memory, formatted to be executed by one or more general or application-

specific processors.

[0268] The master SI transmission management module 2005 may be used to transmit a
first set of system information (e.g., master system information, such as the master system

information included in the MSIB transmitted at 420 in FIG. 4).

[0269] The SI request processing module 2010 may be used to receive a request (e.g., the
OSIB transmission request received at 430 in FIG. 4) for additional system information (e.g.,
non-master system information, such as the other information described with reference to

FIG. 4),

[0270] The other SI transmission management module 2015 may be used to transmit the
additional system information based at least in part on the request (e.g., to transmit the other

system information included in the OSIB transmitted at 440 or 445 in FIG. 4).

[0271] In some embodiments, transmitting the first set of system information using the
master SI transmission management module 2005 may include transmitting an indication of
one or more sets of additional system information that are available. In some embodiments,
receiving the request for the additional system information using the SI request processing
module 2010 may include receiving one or multiple requests for additional system
information corresponding to multiple sets of additional system information to be transmitted.
For example, the SI request processing module 2010 may receive a single OSIB transmission
request indicating one or a plurality of elements of additional system information that a UE
would like to receive (e.g., a binary value in the OSIB transmission request may be set to
TRUE for each element of additional system information that the UE would like to receive).

In other examples, a UE may request some types of additional system information in different
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OSIB transmission requests, and the SI request processing module 2010 may receive a

plurality of OSIB transmission requests.

[0272] In some embodiments, transmitting the additional system information using the
other SI transmission management module 2015 may include at least one of: transmitting
system information indicating which RATs are available in a region and how a UE is to select
an available RAT; transmitting system information indicating which services are available in
a region and how a UE is to obtain an available service; transmitting system information
relating to an MBMS or a PWS service; transmitting system information relating to location,
positioning, or navigation services; or transmitting system information based at least in part

on a determined location of a UE.

[0273] In some embodiments, receiving the request for additional system information
using the SI request processing module 2010 may include receiving, in the request, one or
more capabilities of a UE transmitting the request. In these embodiments, transmitting the
additional system information using the other SI transmission management module 2015 may
include transmitting system information based at least in part on the one or more capabilities

of the base station 105-i included in the request.

[0274] In some embodiments, receiving the request for additional system information
using the SI request processing module 2010 may include receiving, in the request, a location
of a UE transmitting the request. In these embodiments, the other SI transmission
management module 2015 may identify the additional system information to transmit based
at least in part on the location of the UE included in the request. Alternatively, the other SI
transmission management module 2015 may determine a location of the UE transmitting the
request, and identify the additional system information to transmit based at least in part on the

location of the UE.

[0275] In some embodiments, receiving the request for additional system information
using the SI request processing module 2010 may include receiving, in the request, an
identification of a UE transmitting the request. In these embodiments, the other SI
transmission management module 2015 may identify the additional system information to
transmit based at least in part on the identification of the UE included in the request. In some

cases, the additional system information may be identified by accessing a database that
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includes the identification of the UE transmitting the request and one or more capabilities of

the UE.

[0276] FIG. 21 shows a block diagram 2100 of a base station 105-j for use in wireless
communication, in accordance with various aspects of the present disclosure. The base
station 105-] may be an example of aspects of one or more of the base stations 105 described
with reference to FIGs. 1-6 and 16-20. The base station 105-] may include a base station (or
RRH) receiver module 1610-¢, an SI transmission module 1620-¢, or a base station (or RRH)
transmitter module 1630-e, which may be examples of the corresponding modules of base
station 105-e, 105-g, or 105-1 (of FIGs. 16, 18, or 20). The base station 105-j may also
include a processor (not shown). Each of these components may be in communication with
each other. The SI transmission module 1620-e may include a sync signal transmission
management module 2105, a master SI transmission management module 2005-a, an SI
request processing module 2010-a, or an other SI transmission management module 2015-a.
The base station receiver module 1610-e and the base station transmitter module 1630-e may
perform the functions of the base station receiver module 1610 and the base station
transmitter module 1630, of FIGs. 16, 18, or 20. In configurations of the base station 105-j
including one or more RRHs, aspects of one or more of the modules 1610-e, 1620-¢, or 1630-

e may be moved to each of the one or more RRHs.

[0277] The modules of the base station 105-] may, individually or collectively, be
implemented using one or more ASICs adapted to perform some or all of the applicable
functions in hardware. Alternatively, the functions may be performed by one or more other
processing units (or cores), on one or more integrated circuits. In other examples, other types
of integrated circuits may be used (e.g., Structured/Platform ASICs, FPGAs, a SoC, or other
Semi-Custom ICs), which may be programmed in any manner known in the art. The
functions of each module may also be implemented, in whole or in part, with instructions
embodied in a memory, formatted to be executed by one or more general or application-

specific processors.

[0278] The sync signal transmission management module 2105 may be used to broadcast
information on a downlink channel. The information may indicate that master system
information (e.g., an MSIB) is transmitted in response to a master system information request

(e.g., an MSIB transmission request such as the MSIB transmission request received at 415 in
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FIG. 4) received from a UE. In some examples, the downlink channel may include a
synchronization signal (e.g., the instance of the periodic sync signal transmitted at 405 in

FIG. 4). The information may be included in (or associated with) the synchronization signal.

[0279] The SI request processing module 2010-a may be used to receive a master system
information request (e.g., in accordance with the information broadcast on the downlink
channel). In some cases, receiving the master system information request may include
receiving, in the request, an identification of one or more capabilities of a UE transmitting the

request.

[0280] The master SI transmission management module 2005-a may be used to transmit, in
response to receiving the master system information request, the master system information
(e.g., the master system information included in the MSIB received at 420 in FIG. 4). In
some cases, the master system information may include system information that allows a UE
to perform an initial access of a network using one or more of an identification of the
network, an identification of the base station, cell selection configuration and access

restrictions, or a network access configuration.

[0281] The SI request processing module 2010-a may also be used to receive a request for

additional system information (e.g., the OSIB transmission request received at 430 in FIG. 4).

[0282] In some examples, the other SI transmission management module 2015-a may be
used to transmit the additional system information (e.g., non-master system information, such
as the other system information described with reference to FIG.4) based at least in part on
the request. In some cases, the additional system information may be identified based at least
in part on one or more capabilities of the UE identified in the master system information
request. The additional system information may also be identified based at least in part on

information received in the request.

[0283] In some embodiments, transmitting the first set of system information using the
master SI transmission management module 2005-a may include transmitting an indication of
one or more sets of additional system information that are available. In some embodiments,
receiving the request for the additional system information by the SI request processing
module 2010-a may include receiving multiple requests for additional system information

corresponding to multiple sets of additional system information to be transmitted. For
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example, the SI request processing module 2010-a may receive a single OSIB transmission
request indicating one or a plurality of elements of additional system information that a UE
would like to receive (e.g., a binary value in the OSIB transmission request may be set to
TRUE for each element of additional system information that the UE would like to receive).
In other examples, a UE may request some types of additional system information in different
OSIB transmission requests, and the SI request processing module 2010-a may receive a

plurality of OSIB transmission requests.

[0284] FIG. 22 shows a block diagram 2200 of a base station 105-k for use in wireless
communication, in accordance with various aspects of the present disclosure. The base
station 105-k may be an example of aspects of one or more of the base stations 105 described
with reference to FIGs. 1-6 and 16-21. The base station 105-k may include a base station (or
RRH) receiver module 1610-f, an SI transmission module 1620-f, or a base station (or RRH)
transmitter module 1630-f, which may be examples of the corresponding modules of base
station 105-e (of FIG. 16). The base station 105-k may also include a processor (not shown).
Each of these components may be in communication with each other. The SI transmission
module 1620-f may include an SI transmission management module 2205 or an SI request
processing module 2210. The base station receiver module 1610-f and the base station
transmitter module 1630-f may perform the functions of the base station receiver module
1610 and the base station transmitter module 1630, of FIG. 16, respectively. In addition, the
base station receiver module 1610-f may be used to receive SI signals such as the MSIB
transmission request signal 332, 345, 360, 415, or 615 of FIGs. 3A, 3B, 4, and 6, or the OSIB
transmission request 430 or 630 of FIGs. 4 and 6; and the base station transmitter module
1630-f may be used to transmit SI signals such as the OSIB 440, 445, 640, or 645 of FIGs. 4
and 6, a value tag associated with SI, or a zone identifier. In configurations of the base
station 105-k including one or more RRHs, aspects of one or more of the modules 1610-f,

1620-f, or 1630-f may be moved to each of the one or more RRHs.

[0285] The modules of the base station 105-k may, individually or collectively, be
implemented using one or more ASICs adapted to perform some or all of the applicable
functions in hardware. Alternatively, the functions may be performed by one or more other
processing units (or cores), on one or more integrated circuits. In other examples, other types

of integrated circuits may be used (e.g., Structured/Platform ASICs, FPGAs, a SoC, or other
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Semi-Custom ICs), which may be programmed in any manner known in the art. The
functions of each module may also be implemented, in whole or in part, with instructions
embodied in a memory, formatted to be executed by one or more general or application-

specific processors.

[0286] The SI transmission management module 2205 may be used to transmit a first
signal (e.g., a sync signal or paging message such as the instance of the periodic sync signal
or paging message transmitted at 605 in FIG. 6 or the MSIB transmitted at 620 in FIG. 6)
from a base station to a UE. At the time of transmission of the first signal, the UE may
communicate with a network using first system information. The first signal may include

information to allow the UE to determine to request updated system information.

[0287] The SI request processing module 2210 may be used to receive a request from the
UE for updated system information (e.g., the MSIB transmission request received at 615 in

FIG. 6 or the OSIB transmission request received at 630 in FIG. 6).

[0288] The SI transmission management module 2205 may also be used to transmit the
updated system information (e.g., the MSIB transmitted at 620 in FIG. 6 or the OSIB
transmitted at 640 or 645 in FIG. 6) based at least in part on the request.

[0289] In some embodiments, transmitting the first signal using the SI transmission
management module 2205 may include transmitting a zone identifier (e.g., an area code, a
BSIC, or another cell identifier). In some cases, the zone identifier may be transmitted as
part of a synchronization signal. In some cases, the zone identifier may identify one of the

neighbor RATs of zones 510, 515, or 520 described with reference to FIG. 5.

[0290] FIG. 23 shows a block diagram 2300 of a base station 105-1 for use in wireless
communication, in accordance with various aspects of the present disclosure. The base
station 105-1 may be an example of aspects of one or more of the base stations 105 described
with reference to FIGs. 1-6 and 16-22. The base station 105-1 may include a base station (or
RRH) receiver module 1610-g, an SI transmission module 1620-g, or a base station (or RRH)
transmitter module 1630-g, which may be examples of the corresponding modules of base
station 105-e, 105-g, or 105-k (of FIGs. 16, 18, or 20). The base station 105-1 may also
include a processor (not shown). Each of these components may be in communication with

each other. The SI transmission module 1620-g may include an SI transmission management
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module 2205-a or an SI request processing module 2210-a. The base station receiver module
1610-g and the base station transmitter module 1630-g may perform the functions of the base
station receiver module 1610 and the base station transmitter module 1630, of FIGs. 16, 18,
20, or 22. In configurations of the base station 105-1 including one or more RRHs, aspects of
one or more of the modules 1610-g, 1620-g, or 1630-g may be moved to each of the one or

more RRHs.

[0291] The modules of the base station 105-1 may, individually or collectively, be
implemented using one or more ASICs adapted to perform some or all of the applicable
functions in hardware. Alternatively, the functions may be performed by one or more other
processing units (or cores), on one or more integrated circuits. In other examples, other types
of integrated circuits may be used (e.g., Structured/Platform ASICs, FPGAs, a SoC, or other
Semi-Custom ICs), which may be programmed in any manner known in the art. The
functions of each module may also be implemented, in whole or in part, with instructions
embodied in a memory, formatted to be executed by one or more general or application-

specific processors.

[0292] The SI transmission management module 2205-a may be used to transmit a first
signal (e.g., a sync signal or paging message such as the instance of the periodic sync signal
or paging message transmitted at 605 in FIG. 6, or the MSIB transmitted at 620 in FIG. 6)
from a base station to a UE. At the time of transmission of the first signal, the UE may
communicate with a network using first system information. The first signal may include
information to allow the UE to determine to request updated system information. The first
signal may also include an indication that at least a portion of the first system information has

changed.

[0293] The SI transmission management module 2205-a may include a modification flag
or value tag transmission management module 2305. The modification flag or value tag
transmission management module 2305 may be used, in some examples, to transmit one or
more modification flags, each of which indicates, by a counter value or Boolean variable
(e.g., a binary value), that a corresponding portion of the first system information has
changed. In some examples, the corresponding portion of the first system information may
include a portion of master system information, such as an MSIB or element of an MSIB, In

other examples, the corresponding portion of the first system information may include
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additional non-master system information, such as an OSIB or element of an OSIB. The
master system information may include one or more of an identification of the network, an
identification of a base station in the network, cell selection configuration and access
restrictions, or network access configuration information. The master system information
may also or alternatively include, for example, one or more other elements of the master
system information described with reference to FIG. 3A. The additional non-master system
information may include one or more elements of the other system information described
with reference to FIG. 4 or 6. In some embodiments, the modification flag may be

transmitted with (or as a part of) the first signal.

[0294] The modification flag or value tag transmission management module 2305 may also
be used, in some examples, to transmit one or more value tags corresponding to at least a
portion (or different portions) of the first system information that has/have changed. In some
examples, the one or more value tags may correspond to one or more portions of master
system information (e.g., one or more MSIBs, or one or more elements of one or more
MSIBs), one or more portions of additional non-master system information(e.g., one or more
OSIBs, or one or more elements of one or more OSIBs), or a combination thereof. The
master system information may include one or more of an identification of the network, an
identification of a base station in the network, cell selection configuration and access
restrictions, or network access configuration information. The master system information
may also or alternatively include, for example, one or more other elements of the master
system information described with reference to FIG. 3A. The additional non-master system
information may include one or more elements of the other system information described
with reference to FIG. 4 or 6. In some embodiments, one or more value tags may be

transmitted with (or as a part of) the first signal.

[0295] The SI request processing module 2210-a may be used to receive a request from the
UE for updated system information (e.g., to receive the MSIB transmission request at 615 in

FIG. 6, to receive the OSIB transmission request at 630 in FIG. 6).

[0296] The SI transmission management module 2205-a may also be used to transmit the
updated system information (e.g., the MSIB transmitted at 620 in FIG. 6 or the OSIB
transmitted at 640 or 645 in FIG. 6) based at least in part on the request.
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[0297] FIG. 24A shows a block diagram 2400 of a base station 105-m (e.g., a base station
forming part or all of an eNB) for use in wireless communication, in accordance with various
aspects of the present disclosure. In some examples, the base station 105-m may be an
example of one or more aspects of the base station 105 described with reference to FIGs. 1-6
and 16-23. The base station 105-m may be configured to implement or facilitate at least

some of the base station features and functions described with reference to FIG. 1-6 and 14-

19.

[0298] The base station 105-m may include a base station processor module 2410, a base
station memory module 2420, at least one base station transceiver module (represented by
base station transceiver module(s) 2450), at least one base station antenna (represented by
base station antenna(s) 2455), or a base station SI transmission module 1620-h. The base
station 105-m may also include one or more of a base station communications module 2430
or a network communications module 2440. Each of these components may be in

communication with each other, directly or indirectly, over one or more buses 2435.

[0299] The base station memory module 2420 may include RAM or ROM. The base
station memory module 2420 may store computer-readable, computer-executable code 2425
containing instructions that are configured to, when executed, cause the base station
processor module 2410 to perform various functions described herein related to wireless
communication, including, for example, transmission of a synchronization signal.
Alternatively, the code 2425 may not be directly executable by the base station processor
module 2410 but be configured to cause the base station 105-m (e.g., when compiled and

executed) to perform various of the functions described herein.

[0300] The base station processor module 2410 may include an intelligent hardware
device, e.g., a CPU, a microcontroller, an ASIC, efc. The base station processor module 2410
may process information received through the base station transceiver module(s) 2450, the
base station communications module 2430, or the network communications module 2440.
The base station processor module 2410 may also process information to be sent to the
transceiver module(s) 2450 for transmission through the base station antenna(s) 2455, to the
base station communications module 2430, for transmission to one or more other base
stations 105-n and 105-0, or to the network communications module 2440 for transmission to

a core network 130-a, which may be an example of one or more aspects of the core network
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130 described with reference to FIG. 1. The base station processor module 2410 may handle,
alone or in connection with the base station SI transmission module 1620-h, various aspects

of communicating over (or managing communications over) a wireless medium.

[0301] The base station transceiver module(s) 2450 may include a modem configured to
modulate packets and provide the modulated packets to the base station antenna(s) 2455 for
transmission, and to demodulate packets received from the base station antenna(s) 2455. The
base station transceiver module(s) 2450 may, in some examples, be implemented as one or
more base station transmitter modules and one or more separate base station receiver
modules. The base station transceiver module(s) 2450 may support communications on one
or more wireless channels. The base station transceiver module(s) 2450 may be configured
to communicate bi-directionally, via the base station antenna(s) 2455, with one or more UEs,
such as one or more of the UEs 115 described with reference to FIG. 1, 2,4, 6,7, 8,9, 10, 11,
12, 13, 14, or 15. The base station 105-m may, for example, include multiple base station
antennas 2455 (e.g., an antenna array). The base station 105-m may communicate with the
core network 130-a through the network communications module 2440. The base station

105-m may also communicate with other base stations, such as the base stations 105-n and

105-0, using the base station communications module 2430.

[0302] The base station SI transmission module 1620-h may be configured to perform or
control some or all of the base station features or functions described with reference to FIGs.
1-6 and 14-19 related to transmission of system information. The base station SI
transmission module 1620-h, or portions of it, may include a processor, or some or all of the
functions of the base station SI transmission module 1620-h may be performed by the base
station processor module 2410 or in connection with the base station processor module 2410.
In some examples, the base station SI transmission module 1620-h may be an example of the

SI transmission module 1620 described with reference to FIGs. 16-19.

[0303] FIG. 24B shows a block diagram 2405 of a base station 105-p (e.g., a base station
forming part or all of an eNB) for use in wireless communication, in accordance with various
aspects of the present disclosure. In some examples, the base station 105-p may be an
example of one or more aspects of the base station 105 described with reference to FIGs. 1-6
and 16-23. The base station 105-p may be configured to implement or facilitate at least some

of the base station features and functions described with reference to FIGs. 1-6 and 16-23.
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[0304] The base station 105-p may include a central node (or base station server) 2415 and
one or more RRHs 2445, The central node 2415 may include a central node processor
module 2410-a, a central node memory module 2420-a, a central node SI transmission
module 1620-i, or a RRH interface module 2495. In some cases, the central node memory
module 2420-a may include code 2425-a. The central node 2415 may also include one or
more of a central node communications module 2430-a that may communicate with one or
more other central nodes or base stations, such as base stations 105-q or 105-r, or a network
communications module 2440-a that may communicate with a core network 130-b. Each of
these components may be in communication with each other, directly or indirectly, over one
or more buses 2435-a. The central node processor module 2410-a, central node memory
module 2420-a, central node SI transmission module 1620-1, central node communications
module 2430-a, network communications module 2440-a, and one or more buses 2435-a may
perform the functions of the base station processor module 2410, base station memory
module 2420, base station SI transmission module 1620, base station communications
module 2430, network communications module 2440, and buses 2435, of FIG. 24A,

respectively.

[0305] Each of the one or more RRHs 2445 may include a central node interface module
2490, at least one RRH transceiver module (represented by RRH transceiver module(s)
2480), and at least one RRH antenna (represented by RRH antenna(s) 2485), Each of these
components may be in communication with each other, directly or indirectly, over one or
more RRH buses 2475. The RRH transceiver module(s) 2480 and RRH antenna(s) 2485 may
perform the functions of the base station transceiver module(s) 2450 and base station

antenna(s) 2455, of FIG. 24A, respectively.

[0306] The RRH 2445 may also include one or more of a RRH processor module 2460, a
RRH memory module 2465 (possibly storing code 2470), or a RRH SI transmission module
1620-j. Each of the RRH processor module 2460, RRH memory module 2465, and RRH SI
transmission module 1620-j may communicate with other modules of the RRH 2445 via the
one or more buses 2475. In some examples, some of the functions of the central node
processor module 2410-a, central node memory module 2420-a, or central node SI
transmission module 1620-1 may be offloaded to (or replicated in) the RRH processor module

2460, RRH memory module 2465, or RRH SI transmission module 1620-j, respectively.



10

15

20

25

30

WO 2016/130353 PCT/US2016/015990
90

[0307] The RRH interface module 2495 and central node interface module 2490 may
provide a communications interface, between the central node 2415 and RRH 2445, and
establish a bi-directional communication link 2498 between the central node 2415 and RRH
2445. The communication link 2498 may in some cases be an optical communication link,

but may also take other forms.

[0308] The deployment of one or more RRHs 2445 in communication with central node
2415 may be used, for example, to increase the coverage area of the base station 105-p or
position the central node 2415 and RRHs 2445 in more useful locations. For example, the

RRH 2445 may be positioned at a location free of RF obstructions or on a smaller cell tower.

[0309] FIG. 25 is a block diagram of a MIMO communication system 2500 including a
base station 105-s and a UE 115-m, in accordance with various aspects of the present
disclosure. The MIMO communication system 2500 may illustrate aspects of the wireless
communication system 100 described with reference to FIG. 1. The base station 105-s may
be an example of aspects of the base station 105 described with reference to FIG. 1, 2, 4, 6,
16, 17, 18, 19, 20, 21, 22, 23, or 24. The base station 105-s may be equipped with antennas
2534 through 2535, and the UE 115-m may be equipped with antennas 2552 through 2553.
In the MIMO communication system 2500, the base station 105-s may be able to send data
over multiple communication links at the same time. Each communication link may be
called a “layer” and the “rank” of the communication link may indicate the number of layers
used for communication. For example, in a 2x2 MIMO communication system where base
station 105-s transmits two “layers,” the rank of the communication link between the base
station 105-s and the UE 115-m is two. In some examples, the MIMO communication
system 2500 may be configured for communication using non-massive MIMO techniques. In
other examples, the MIMO communication system 2500 may be configured for

communication using massive MIMO techniques.

[0310] At the base station 105-s, a Tx processor 2520 may receive data from a data source.
The transmit processor 2520 may process the data. The transmit processor 2520 may also
generate control symbols or reference symbols. A transmit MIMO processor 2530 may
perform spatial processing (e.g., precoding) on data symbols, control symbols, or reference
symbols, if applicable, and may provide output symbol streams to the transmit modulators

2532 through 2533. Each modulator 2532 through 2533 may process a respective output
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symbol stream (e.g., for OFDM, efc.) to obtain an output sample stream. Each modulator
2532 through 2533 may further process (e.g., convert to analog, amplify, filter, and
upconvert) the output sample stream to obtain a downlink (DL) signal. In one example, DL
signals from modulators 2532 through 2533 may be transmitted via the antennas 2534
through 2535, respectively.

[0311] The UE 115-m may be an example of aspects of the UEs 115 described with
reference to FIG. 1,2,4,6,7,8,9, 10, 11, 12, 13, 14, or 15. At the UE 115-m, the UE
antennas 2552 through 2553 may receive the DL signals from the base station 105-s and may
provide the received signals to the modulator/demodulators 2554 through 2555, respectively.
Each modulator/demodulator 2554 through 2555 may condition (e.g., filter, amplify,
downconvert, and digitize) a respective received signal to obtain input samples. Each
modulator/demodulator 2554 through 2555 may further process the input samples (e.g., for
OFDM, efc.) to obtain received symbols. A MIMO detector 2556 may obtain received
symbols from all the modulator/demodulators 2554 through 2555, perform MIMO detection
on the received symbols, if applicable, and provide detected symbols. A receive (Rx)
processor 2558 may process (e.g., demodulate, deinterleave, and decode) the detected
symbols, providing decoded data for the UE 115-m to a data output, and provide decoded

control information to a processor 2580, or memory 2582.

[0312] The processor 2580 may in some cases execute stored instructions to instantiate an
ST acquisition module 720-1. The SI acquisition module 720-1 may be an example of aspects

of the ST acquisition module 720 described with reference to FIGs. 7-15.

[0313] On the uplink (UL), at the UE 115-m, a transmit processor 2564 may receive and
process data from a data source. The transmit processor 2564 may also generate reference
symbols for a reference signal. The symbols from the transmit processor 2564 may be
precoded by a transmit MIMO processor 2566 if applicable, further processed by the
modulator/demodulators 2554 through 2555 (e.g., for SC-FDMA, etc.), and be transmitted to
the base station 105-s in accordance with the communication parameters received from the
base station 105-s. At the base station 105-s, the UL signals from the UE 115-m may be
received by the antennas 2534 through 2535, processed by the demodulators 2532 through
2533, detected by a MIMO detector 2536 if applicable, and further processed by a receive



10

15

20

25

30

WO 2016/130353 PCT/US2016/015990
92

processor 2538, The receive processor 2538 may provide decoded data to a data output and

to the processor 2540 or memory 2542.

[0314] The processor 2540 may in some cases execute stored instructions to instantiate an
SI transmission module 1620-k. The SI transmission module 1620-k may be an example of

aspects of the SI transmission 1620 module described with reference to FIGs. 16-24.

[0315] The components of the UE 115-m may, individually or collectively, be
implemented with one or more ASICs adapted to perform some or all of the applicable
functions in hardware. Each of the noted modules may be a means for performing one or
more functions related to operation of the MIMO communication system 2500. Similarly,
the components of the base station 105-s may, individually or collectively, be implemented
with one or more ASICs adapted to perform some or all of the applicable functions in
hardware. Each of the noted components may be a means for performing one or more

functions related to operation of the MIMO communication system 2500.

[0316] FIG. 26 is a flow chart illustrating an example of a method 2600 for wireless
communication at a UE, in accordance with various aspects of the present disclosure. For
clarity, the method 2600 is described below with reference to aspects of one or more of the
UEs 115 described with reference to FIGs. 1-8, 15, or 25. In some examples a UE may
execute one or more sets of codes to control the functional elements of the UE to perform the
functions described below. In some examples, the method 2600 may be performed by a UE

during an initial access procedure.

[0317] At block 2605, a UE may receive a first signal, the first signal including an
indication of whether SI is to be requested by the UE. The first signal may, in some
examples, be a periodic sync signal, and may indicate to the UE that SI is to be acquired
through a fixed periodic broadcast or broad-beam transmission or through an on-demand
broadcast, unicast, broad-beam transmission or narrow-beam transmission. The operations at
block 2605 may be performed using the SI acquisition module 720 described with reference
to FIGs. 7, 8, 15, or 25, the SI acquisition mode module 735 described with reference to
FIGs. 7 or 8, or the sync signal receipt module 805 described with reference to FIG. 8.

[0318] At block 2610, a UE may obtain SI in accordance with the indication. Thus, if the
indication indicates that SI is to be broadcast without the UE requesting the SI, then the UE
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may receive the SIin a periodic broadcast or broad-beam transmission. If the indication
indicates that SI is to be transmitted in response to a UE request, then the UE may receive the
ST after the UE has submitted a request for the SI. The operations at block 2610 may be
performed using the ST acquisition module 720 described with reference to FIGs. 7, 8, 15, or

25, or the SI receipt module 745 described with reference to FIGs. 7 or 8.

[0319] Thus, the method 2600 may provide for wireless communication, and in particular,
for ST acquisition. It should be noted that the method 2600 is just one implementation and
that the operations of the method 2600 may be rearranged or otherwise modified such that

other implementations are possible.

[0320] FIG. 27 is a flow chart illustrating an example of a method 2700 for wireless
communication at a UE, in accordance with various aspects of the present disclosure. For
clarity, the method 2700 is described below with reference to aspects of one or more of the
UEs 115 described with reference to FIGs. 1-8, 15, or 25. In some examples a UE may
execute one or more sets of codes to control the functional elements of the UE to perform the
functions described below. In some examples, the method 2700 may be performed by a UE

during an initial access procedure.

[0321] At block 2705, a UE may receive a first signal, the first signal including an
indication of whether SI is to be requested by the UE. The first signal may, in some
examples, be a periodic sync signal, and may indicate to the UE that SI is to be acquired
through an on-demand broadcast, unicast, broad-beam transmission or narrow-beam
transmission. The operations at block 2705 may be performed using the SI acquisition
module 720 described with reference to FIGs. 7, 8, 15, or 25, the SI acquisition mode module
735 described with reference to FIGs. 7 or 8, or the sync signal receipt module 805 described
with reference to FIG. 8.

[0322] At block 2710, a UE may send a request for SI in accordance with the indication.
The request may be sent in accordance to information included within the first signal, such as
destination and/or timing information. The operations at block 2710 may be performed using
the SI acquisition module 720 described with reference to FIGs. 7, 8, 15, or 25, or the UE SI

request module 740 described with reference to FIGs. 7 or 8.
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[0323] At block 2715, a UE may receive SI in response to the request. The SI may be
received as an on-demand periodic broadcast or broad-beam transmission, an on-demand
aperiodic broadcast or broad-beam transmission, or an on-demand aperiodic unicast or
narrow-beam transmission. The operations at block 2715 may be performed using the SI
acquisition module 720 described with reference to FIGs. 7, 8, 15, or 25, or the SI receipt
module 745 described with reference to FIGs. 7 or 8.

[0324] Thus, the method 2700 may provide for wireless communication, and in particular,
for SI acquisition. It should be noted that the method 2700 is just one implementation and
that the operations of the method 2700 may be rearranged or otherwise modified such that

other implementations are possible.

[0325] FIG. 28 is a flow chart illustrating an example of a method 2800 for wireless
communication at a UE, in accordance with various aspects of the present disclosure. For
clarity, the method 2800 is described below with reference to aspects of one or more of the
UEs 115 described with reference to FIGs. 1-8, 15, or 25. In some examples a UE may
execute one or more sets of codes to control the functional elements of the UE to perform the
functions described below. In some examples, the method 2800 may be performed by a UE

during an initial access procedure.

[0326] At block 2805, a UE may receive a first signal, the first signal including an
indication of whether Sl is to be requested by the UE. The first signal may, in some
examples, be a periodic sync signal, and may indicate to the UE that SI is to be transmitted
without a need for the UE to request the SI. The operations at block 2805 may be performed
using the ST acquisition module 720 described with reference to FIGs. 7, 8, 15, or 25, the SI
acquisition mode module 735 described with reference to FIGs. 7 or 8, or the sync signal

receipt module 805 described with reference to FIG. 8.

[0327] At block 2810, a UE may receive SI via a second signal in accordance with the
indication, the second signal being transmitted via a broadcast or broad-beam operation. The
SI may be received as a fixed periodic broadcast or broad-beam transmission. The operations
at block 2810 may be performed using the SI acquisition module 720 described with
reference to FIGs. 7, 8, 15, or 25, or the SI receipt module 745 described with reference to

FIGs. 7 or 8.
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[0328] Thus, the method 2800 may provide for wireless communication, and in particular,
for SI acquisition. It should be noted that the method 2800 is just one implementation and
that the operations of the method 2800 may be rearranged or otherwise modified such that

other implementations are possible.

[0329] FIG. 29 is a flow chart illustrating an example of a method 2900 for wireless
communication at a base station, in accordance with various aspects of the present disclosure.
For clarity, the method 2900 is described below with reference to aspects of one or more of
the base stations 105 described with reference to FIGs. 16, 17, 24A, 24B, or 25. In some
examples a base station may execute one or more sets of codes to control the functional
elements of the base station to perform the functions described below. In some examples, the

method 2900 may be performed by a base station during an initial access procedure of a UE.

[0330] At block 2905, a base station may transmit a first signal, the first signal including
an indication of whether Sl is to be requested by a UE. The first signal may, in some
examples, be a periodic sync signal, and may indicate to a UE that SI is to be acquired
through a fixed periodic broadcast or broad-beam transmission or through an on-demand
broadcast, unicast, broad-beam transmission or narrow-beam transmission. The operations at
block 2905 may be performed using the SI transmission module 1620 described with
reference to FIGs. 16, 75, 24A, 24B, or 25, the SI transmission mode module 1635 described
with reference to FIGs. 16 or 17, or the sync signal transmit module 1705 described with

reference to FIG. 17.

[0331] At block 2910, a base station may transmit SI in accordance with the indication.
Thus, if the indication indicates that SI is to be broadcast without a UE requesting the SI, then
the base station may transmit the SI in a periodic broadcast or broad-beam transmission. If
the indication indicates that SI is to be transmitted in response to a UE request, then the base
station may transmit the SI after a UE has submitted a request for the SI. The operations at
block 2910 may be performed using the SI transmission module 1620 described with
reference to FIGs. 16, 17, 24A, 24B, or 25, or the SI transmit module 1645 described with
reference to FIGs. 16 or 17.

[0332] Thus, the method 2900 may provide for wireless communication, and in particular

2

for SI transmission. It should be noted that the method 2900 is just one implementation and
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that the operations of the method 2900 may be rearranged or otherwise modified such that

other implementations are possible.

[0333] FIG. 30 is a flow chart illustrating an example of a method 3000 for wireless
communication at a base station, in accordance with various aspects of the present disclosure.
For clarity, the method 3000 is described below with reference to aspects of one or more of
the base stations 105 described with reference to FIGs. 16, 17, 24A, 24B, or 25. In some
examples a base station may execute one or more sets of codes to control the functional
elements of the base station to perform the functions described below. In some examples, the

method 3000 may be performed by a base station during an initial access procedure of a UE.

[0334] At block 3005, a base station may transmit a first signal, the first signal including
an indication of whether SI is to be requested by a UE. The first signal may, in some
examples, be a periodic sync signal, and may indicate to a UE that SI is to be acquired
through an on-demand broadcast, unicast, broad-beam transmission or narrow-beam
transmission. The operations at block 3005 may be performed using the SI transmission
module 1620 described with reference to FIGs. 16, 17, 24A, 24B, or 25, the SI transmission
mode module 1635 described with reference to FIGs. 16 or 17, or the sync signal transmit

module 1705 described with reference to FIG. 17.

[0335] At block 3010, a base station may receive a request for SI in accordance with the
indication. The request may be received in accordance to information included within the
first signal, such as destination and/or timing information. The operations at block 3010 may
be performed using the SI transmission module 1620 described with reference to FIGs. 16,
17, 24A, 24B, or 25, or the base station SI request module 1640 described with reference to
FIGs. 16 or 17.

[0336] At block 3015, a base station may transmit SI in response to the request. The SI
may be transmitted as an on-demand periodic broadcast or broad-beam transmission, an on-
demand aperiodic broadcast or broad-beam transmission, or an on-demand aperiodic unicast
or narrow-beam transmission. The operations at block 3015 may be performed using the SI
transmission module 1620 described with reference to FIGs. 16, 17, 24A, 24B, or 25, or the
SI transmit module 1645 described with reference to FIGs. 16 or 17.
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[0337] Thus, the method 3000 may provide for wireless communication, and in particular,
for SI transmission. It should be noted that the method 3000 is just one implementation and
that the operations of the method 3000 may be rearranged or otherwise modified such that

other implementations are possible.

[0338] FIG. 31 is a flow chart illustrating an example of a method 3100 for wireless
communication at a base station, in accordance with various aspects of the present disclosure.
For clarity, the method 3100 is described below with reference to aspects of one or more of
the base stations 105 described with reference to FIGs. 16, 17, 24A, 24B, or 25. In some
examples a base station may execute one or more sets of codes to control the functional
elements of the base station to perform the functions described below. In some examples, the

method 3100 may be performed by a base station during an initial access procedure of a UE.

[0339] At block 3105, a base station may transmit a first signal, the first signal including
an indication of whether SI is to be requested by a UE. The first signal may, in some
examples, be a periodic sync signal, and may indicate to a UE that SI is to be transmitted
without a need for the UE to request the SI. The operations at block 3105 may be performed
using the SI transmission module 1620 described with reference to FIGs. 16, 17, 24A, 24B,
or 25, the SI transmission mode module 1635 described with reference to FIGs. 16 or 17, or

the sync signal transmit module 1705 described with reference to FIG. 17.

[0340] At block 3110, a base station may transmit SI via a second signal in accordance
with the indication, the second signal being transmitted via a broadcast or broad-beam
operation. The SI may be transmitted as a fixed periodic broadcast or broad-beam
transmission. The operations at block 3110 may be performed using the SI transmission
module 1620 described with reference to FIGs. 16, 17, 24A, 24B, or 25, or the SI transmit
module 1645 described with reference to FIGs. 16 or 17.

[0341] Thus, the method 3100 may provide for wireless communication, and in particular,
for SI transmission. It should be noted that the method 3100 is just one implementation and
that the operations of the method 3100 may be rearranged or otherwise modified such that

other implementations are possible.

[0342] FIG. 32 is a flow chart illustrating an example of a method 3200 for wireless

communication at a base station, in accordance with various aspects of the present disclosure.
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For clarity, the method 3200 is described below with reference to aspects of one or more of
the base stations 105 described with reference to FIGs. 16, 17, 24A, 24B, or 25. In some
examples a base station may execute one or more sets of codes to control the functional
elements of the base station to perform the functions described below. In some examples, the

method 3200 may be performed by a base station during an initial access procedure of a UE.

[0343] At block 3205, a base station may transmit a first signal, the first signal including
an indication of whether SI is to be requested by a UE. The first signal may, in some
examples, be a periodic sync signal, and may indicate to a UE that SI is to be acquired
through a fixed periodic broadcast or broad-beam transmission or through an on-demand
broadcast, unicast, broad-beam transmission or narrow-beam transmission. The operations at
block 3205 may be performed using the SI transmission module 1620 described with
reference to FIGs. 16, 17, 24A, 24B, or 25, the SI transmission mode module 1635 described
with reference to FIGs. 16 or 17.

[0344] At block 3210, a base station may transmit SI in accordance with the indication and
a transmission mode. Thus, if the indication and transmission mode indicates that SI is to be
broadcast without a UE requesting the SI, then the base station may transmit the SI'in a
periodic broadcast or broad-beam transmission. If the indication and transmission mode
indicates that SI is to be transmitted in response to a UE request, then the base station may
transmit the SI after a UE has submitted a request for the SI. Depending on the transmission
mode, the base station may transmit the SI as either a fixed periodic broadcast or broad-beam
transmission, an on-demand periodic broadcast or broad-beam transmission, an on-demand
aperiodic broadcast or broad-beam transmission, or an on-demand aperiodic unicast or
narrow-beam transmission. The operations at block 3210 may be performed using the SI
transmission module 1620 described with reference to FIGs. 16, 17, 24A, 24B, or 25, or the
SI transmit module 1645 described with reference to FIGs. 16 or 17.

[0345] At blocks 3215, 3220, 3225, or 3230, the base station may change its transmission
mode. Thus, the base station may perform any one or more of blocks 3215, 3220, 3225, or
3230. Changes in transmission mode may be made in response to, for example, changes in
the numbers of UEs requesting SI from the base station, network load, congestion status or

available radio resources.
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[0346] At block 3215, a base station may change the transmission mode to be a broadcast
or broad-beam mode targeting a cell edge and having fixed periodic scheduling. Changing of
the transmission mode may be based on one or more of a number of UEs requesting SI
acquisition, network load, congestion status, or available radio resources. The operations at
block 3215 may be performed using the SI transmission module 1620 described with
reference to FIGs. 16, 17, 24A, 24B, or 25, the SI transmission mode module 1635 described
with reference to FIGs. 16 or 17, or the SI transmission mode determination module 1710

described with reference to FIG. 17.

[0347] At block 3220, a base station may change the transmission mode to be a broadcast
or broad-beam mode targeting a cell edge and having an on-demand periodic scheduling
triggered by a request for system information in accordance with the indication. Changing of
the transmission mode may be based on one or more of a number of UEs requesting SI
acquisition, network load, congestion status, or available radio resources. The operations at
block 3220 may be performed using the SI transmission module 1620 described with
reference to FIGs. 16, 17, 24A, 24B, or 25, the SI transmission mode module 1635 described
with reference to FIGs. 16 or 17, or the SI transmission mode determination module 1710

described with reference to FIG. 17.

[0348] At block 3225, a base station may change the transmission mode to be a broadcast
or broad-beam mode having an on-demand aperiodic scheduling triggered by a request for
system information in accordance with the indication. Changing of the transmission mode
may be based on one or more of a number of UEs requesting SI acquisition, network load,
congestion status, or available radio resources. The operations at block 3225 may be
performed using the SI transmission module 1620 described with reference to FIGs. 16, 17,
24A, 24B, or 25, the SI transmission mode module 1635 described with reference to FIGs. 16

or 17, or the SI transmission mode determination module 1710.

[0349] At block 3230, a base station may change the transmission mode to be a unicast or
narrow-beam mode having an on-demand aperiodic scheduling triggered by a request for
system information in accordance with the indication. Changing of the transmission mode
may be based on one or more of a number of UEs requesting SI acquisition, network load,
congestion status, or available radio resources. The operations at block 3230 may be

performed using the SI transmission module 1620 described with reference to FIGs. 16, 17,
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24A, 24B, or 25, the SI transmission mode module 1635 described with reference to FIGs. 16
or 17, or the SI transmission mode determination module 1710 described with reference to

FI1G. 17.

[0350] The operations at blocks 3215, 3220, 3225, 3230 may all be performed by a base
station. Alternatively, a base station may perform any one or more of the operations

described at blocks 3215, 3220, 3225, 3230.

[0351] Thus, the method 3200 may provide for wireless communication, and in particular,
for SI transmission. It should be noted that the method 3200 is just one implementation and
that the operations of the method 3200 may be rearranged or otherwise modified such that

other implementations are possible.

[0352] FIG. 33 is a flow chart illustrating an example of a method 3300 for wireless
communication at a UE, in accordance with various aspects of the present disclosure. For
clarity, the method 3300 is described below with reference to aspects of one or more of the
UEs 115 described with reference to FIGs. 1-15 and 25. In some examples a UE may
execute one or more sets of codes to control the functional elements of the UE to perform the
functions described below. In some examples, the method 3300 may be performed by a UE

receiving system information in a unicast, narrow-beam, broadcast, or broad-beam manner.

[0353] At block 3305, a UE may receive a first signal comprising a first indication, the first
indication associated with obtaining system information. The first indication may indicate
that system information is to be obtained via request or via broadcast, for example. The
operation(s) at block 3305 may be performed using the SI acquisition module 720 described
with reference to FIGs. 9, 10, 15, or 25, the service-specific SI acquisition mode module 905
described with reference to FIGs. 9 or 10, or the sync signal receipt module 1005 described

with reference to FIG. 10.

[0354] At block 3310, a UE may identify one or more services for which system
information is to be obtained. The service-specific system information that is available may
be identified in the first signal. Nevertheless, the UE may determine which of the identified
service-specific system information is needed. Alternatively, the UE may determine in the
absence of any identification of available service-specific system information which system

information is needed. The operation(s) at block 3310 may be performed using the SI
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acquisition module 720 described with reference to FIGs. 9, 10, 15, or 25, the service-specific
ST acquisition mode module 905 described with reference to FIGs. 9 or 10, or the service-

specific SI acquisition mode determination module 1010 described with reference to FIG. 10.

[0355] At block 3315, a UE may obtain system information for the identified one or more
services in accordance with the first indication. The system information may be obtained by
either listening to a broadcast or by requesting service-specific system information. The
operation(s) at block 3315 may be performed using the SI acquisition module 720 described
with reference to FIGs. 9, 10, 15, or 25, or the UE service-specific SI request module 910 and
the SI receipt module 745 described with reference to FIGs. 9 or 10.

[0356] In some embodiments of the method 3300, obtaining system information may
include sending a request for system information for the one or more services, and receiving
the system information for the one or more services in response to the request. In other
embodiments, obtaining system information may include sending a separate request for
system information for each of the one or more services, each request being for system
information of a difference service, and receiving, individually, system information for the

one or more services in response to each of the requests.

[0357] In some embodiments, receiving the first signal may include receiving a second
indication that system information for the one or more services is to be broadcast at one or
more predetermined times and on one or more predetermined channels. Receiving the first
signal may also include receiving a second indication that system information for the one or

more services is available.

[0358] Thus, the method 3300 may provide for wireless communication. It should be
noted that the method 3300 is just one implementation and that the operations of the method

3300 may be rearranged or otherwise modified such that other implementations are possible.

[0359] FIG. 34 is a flow chart illustrating an example of a method 3400 for wireless
communication at a UE, in accordance with various aspects of the present disclosure. For
clarity, the method 3400 is described below with reference to aspects of one or more of the
UEs 115 described with reference to FIGs. 1-15 and 25. In some examples a UE may

execute one or more sets of codes to control the functional elements of the UE to perform the
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functions described below. In some examples, the method 3400 may be performed by a UE

receiving system information in a unicast, narrow-beam, broadcast, or broad-beam manner.

[0360] At block 3405, a UE may receive a first signal comprising a first indication, the first
indication associated with obtaining system information. The first indication may indicate
that system information is to be obtained via request or via broadcast, for example. The
operation(s) at block 3405 may be performed using the SI acquisition module 720 described
with reference to FIGs. 9, 10, 15, or 25, the service-specific SI acquisition mode module 905
described with reference to FIGs. 9 or 10, or the sync signal receipt module 1005 described

with reference to FIG. 10.

[0361] At block 3410, a UE may identify one or more services for which system
information is to be obtained. The service-specific system information that is available may
be identified in the first signal. Nevertheless, the UE may determine which of the identified
service-specific system information is needed. Alternatively, the UE may determine in the
absence of any identification of available service-specific system information which system
information is needed. The operation(s) at block 3410 may be performed using the SI
acquisition module 720 described with reference to FIGs. 9, 10, 15, or 25, the service-specific
ST acquisition mode module 905 described with reference to FIGs. 9 or 10, or the service-

specific SI acquisition mode determination module 1010 described with reference to FIG. 10.

[0362] Any one of blocks 3415, 3420, or 3425 may follow after block 3410, depending on
the first indication included in the first signal. At block 3415, a UE may obtain system
information for the identified one or more services by sending a request that explicitly
identifies the one or more services for which system information is to be obtained. The
operation(s) at block 3415 may be performed using the SI acquisition module 720 described
with reference to FIGs. 9, 10, 15, or 25, or the UE service-specific SI request module 910 and
the SI receipt module 745 described with reference to FIGs. 9 or 10.

[0363] At block 3420, a UE may obtain system information for the identified one or more
services by sending separate requests for system information for each of the one or more
services for which system information is to be obtained. The operation(s) at block 3420 may
be performed using the SI acquisition module 720 described with reference to FIGs. 9, 10,
15, or 25, or the UE service-specific SI request module 910 and the SI receipt module 745
described with reference to FIGs. 9 or 10.
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[0364] At block 3425, a UE may obtain system information for the identified one or more
services by listening for one or more broadcasts that include the system information for the
one or more services for which system information is to be obtained. The operation(s) at
block 3425 may be performed using the SI acquisition module 720 described with reference
to FIGs. 9, 10, 15, or 25, or the SI receipt module 745 described with reference to FIGs. 9 or
10.

[0365] Thus, the method 3400 may provide for wireless communication. It should be
noted that the method 3400 is just one implementation and that the operations of the method

3400 may be rearranged or otherwise modified such that other implementations are possible.

[0366] FIG. 35 is a flow chart illustrating an example of a method 3500 for wireless
communication at a base station, in accordance with various aspects of the present disclosure.
For clarity, the method 3500 is described below with reference to aspects of one or more of
the base stations 105 described with reference to FIGs. 1-6 and 16-25. In some examples a
base station may execute one or more sets of codes to control the functional elements of the
base station to perform the functions described below. In some examples, the method 3500

may be performed by a base station during an initial access procedure of a UE.

[0367] At block 3505, a base station may transmit a first signal comprising a first
indication associated with obtaining system information by a UE for one or more services.
The first signal may, in some examples, be a service-specific periodic sync signal, and may
indicate to a UE that service-specific Sl is to be acquired through a fixed periodic broadcast
or broad-beam transmission or by request. The operations at block 3505 may be performed
using the SI transmission module 1620 described with reference to FIGs. 18, 19, 24A, 24B,
or 25, or the service-specific SI transmission mode module 1805 described with reference to

FIGs. 18 or 19.

[0368] At block 3510, a base station may transmit, in accordance with the first indication,
system information associated with services available to the UE, wherein separate
transmission are used to transmit the system information for different services and different
configurations of services. These service-specific SI transmissions may be either periodically
broadcast or may be transmitted in response to the receipt of a request from a UE. The

operations at block 3510 may be performed using the SI transmission module 1620 described
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with reference to FIGs. 18, 19, 24A, 24B, or 25, or the base station service-specific SI request
module 1810 and SI transmit module 1645 described with reference to FIGs. 18 or 19.

[0369] In some embodiments, the base station may further receive a request for system
information for one or more services in accordance with the first indication, and may then
transmit system information for the one or more services in response to the request. In other
embodiments, the base station may receive multiple requests for system information for one
or more services in accordance with the first indication, each request being from the UE and
being for system information of a different service, and then may transmit system information
for the one or more services in response to the request. Service-specific system information

may be transmitted as either a joint transmission or separately.

[0370] In some embodiments, the base station may include, in the first signal, a second
indication that system information for one or more services is to be broadcast at one or more
predetermined times and on one or more predetermined channels. Additionally, the base
station may include, in the first signal, a second indication that system information for one or

more services is available to be requested.

[0371] Thus, the method 3500 may provide for wireless communication, and in particular,
for service-specific SI transmission. It should be noted that the method 3500 is just one
implementation and that the operations of the method 3500 may be rearranged or otherwise

modified such that other implementations are possible.

[0372] FIG. 36 is a flow chart illustrating an example of a method 3600 for wireless
communication at a base station, in accordance with various aspects of the present disclosure.
For clarity, the method 3600 is described below with reference to aspects of one or more of
the base stations 105 described with reference to FIGs. 1-6 and 16-25. In some examples a
base station may execute one or more sets of codes to control the functional elements of the
base station to perform the functions described below. In some examples, the method 3600

may be performed by a base station during an initial access procedure of a UE.

[0373] At block 3605, a base station may transmit a first signal comprising a first
indication associated with obtaining system information by a UE for one or more services.
The first signal may, in some examples, be a service-specific periodic sync signal, and may

indicate to a UE that service-specific Sl is to be acquired through a fixed periodic broadcast
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or broad-beam transmission or by request. The operations at block 3605 may be performed
using the SI transmission module 1620 described with reference to FIGs. 18, 19, 24A, 24B,
or 25, or the service-specific SI transmission mode module 1805 described with reference to

FIGs. 18 or 19.

[0374] Any one of blocks 3610, 3615, or 3620 may follow after block 3605, depending on
the first indication included in the first signal. At block 3610, a base station may receive a
request that explicitly identifies one or more services for which system information is to be
obtained. The base station may then transmit the requested system information. The
operations at block 3610 may be performed using the SI transmission module 1620 described
with reference to FIGs. 18, 19, 24A, 24B, or 25, or the base station service-specific SI request
module 1810 and SI transmit module 1645 described with reference to FIGs. 18 or 19.

[0375] At block 3615, a base station may receive separate requests for system information
for each of one or more services for which system information is to be obtained. The base
station may then transmit the requested system information. The operations at block 3615
may be performed using the SI transmission module 1620 described with reference to FIGs.
18, 19, 24A, 24B, or 25, or the base station service-specific SI request module 1810 and SI

transmit module 1645 described with reference to FIGs. 18 or 19.

[0376] At block 3620, a base station may periodically broadcast service-specific system
information. The periodic broadcast may be in accordance with information included in the
first signal. The operations at block 3620 may be performed using the SI transmission
module 1620 described with reference to FIGs. 18, 19, 24A, 24B, or 25, or the SI transmit
module 1645 described with reference to FIGs. 18 or 19.

[0377] Thus, the method 3600 may provide for wireless communication, and in particular,
for service-specific SI transmission. It should be noted that the method 3600 is just one
implementation and that the operations of the method 3600 may be rearranged or otherwise

modified such that other implementations are possible.

[0378] FIG. 37 is a flow chart illustrating an example of a method 3700 for wireless
communication at a UE, in accordance with various aspects of the present disclosure. For
clarity, the method 3700 is described below with reference to aspects of one or more of the

UEs 115 described with reference to FIGs. 1-15 and 25. In some examples a UE may
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execute one or more sets of codes to control the functional elements of the UE to perform the
functions described below. In some examples, the method 3700 may be performed by a UE

receiving system information in a unicast, narrow-beam, broadcast, or broad-beam manner.

[0379] At block 3705, a UE may receive a first set of system information (e.g., master
system information, such as master system information included in an MSIB). The
operation(s) at block 3705 may be performed using the SI acquisition module 720 described
with reference to FIGs. 11, 12, 15, or 25, or the master SI acquisition module 1105 described
with reference to FIGs. 11 or 12.

[0380] At block 3710, the UE may determine, based at least in part on the first set of
system information, that additional system information (e.g., non-master system information,
such as information included in an OSIB) is available. The operation(s) at block 3710 may
be performed using the SI acquisition module 720 described with reference to FIGs. 11, 12,
15, or 25, or the SI processing module 1110 described with reference to FIGs. 11 or 12.

[0381] At block 3715, the UE may transmit a request (e.g., an OSIB transmission request)
for the additional system information. In some examples, the UE may transmit a plurality of
requests for the additional system information. In some examples, a single OSIB
transmission request may indicate one or a plurality of elements of additional system
information that the UE would like to receive (e.g., a binary value in the OSIB transmission
request may be set to TRUE for each element of additional system information that the UE
would like to receive). In other examples, the UE may request some types of additional
system information in different OSIB transmission requests, a plurality of OSIB transmission
requests may be transmitted. The operation(s) at block 3715 may be performed using the SI
acquisition module 720 described with reference to FIGs. 11, 12, 15, or 25, or the UE SI
request module 1115 described with reference to FIGs. 11 or 12.

[0382] At block 3720, the UE may receive the additional system information. The
operation(s) at block 3720 may be performed using the SI acquisition module 720 described
with reference to FIGs. 11, 12, 15, or 25, or the other SI acquisition module 1120 described
with reference to FIGs. 11 or 12.

[0383] In some embodiments of the method 3700, receiving the first set of system

information may include receiving an indication of one or more sets of additional system
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information that are available. In some embodiments of the method 3700, transmitting the
request for the additional system information may include identifying, in the request for the
additional system information, one or more sets of additional system information. In some
embodiments, the one or more sets of additional system information identified in the request
for the additional system information may include one or more sets of additional system

information indicated in the first set of system information.

[0384] In some embodiments of the method 3700, receiving the additional system
information, at block 3720, may include at least one of’ receiving system information
indicating which RATs are available in a region and how the UE is to select an available
RAT; receiving system information indicating which services are available in a region and
how the UE is to obtain an available service; receiving system information relating to an
MBMS or a PWS service; receiving system information relating to location, positioning, or
navigation services; or receiving system information based at least in part on a determined

location of the UE.

[0385] In some embodiments of the method 3700, transmitting the request for the
additional system information may include including one or more capabilities of the UE in
the request. In these embodiments, receiving the additional system information may include
receiving system information based at least in part on the one or more capabilities of the UE

included in the request.

[0386] In some embodiments of the method 3700, transmitting the request for the
additional system information may include including a location of the UE in the request. In
these embodiments, receiving the additional system information may include receiving

system information based at least in part on the location of the UE included in the request.

[0387] In some embodiments of the method 3700, transmitting the request for the
additional system information may include including an identification of the UE in the
request. In these embodiments, receiving the additional system information may include
receiving the additional system information based at least in part on the identification of the

UE included in the request.
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[0388] Thus, the method 3700 may provide for wireless communication. It should be
noted that the method 3700 is just one implementation and that the operations of the method

3700 may be rearranged or otherwise modified such that other implementations are possible.

[0389] FIG. 38 is a flow chart illustrating an example of a method 3800 for wireless
communication at a UE, in accordance with various aspects of the present disclosure. For
clarity, the method 3800 is described below with reference to aspects of one or more of the
UEs 115 described with reference to FIGs. 1-15 and 25. In some examples a UE may
execute one or more sets of codes to control the functional elements of the UE to perform the
functions described below. In some examples, the method 3800 may be performed by a UE

receiving system information in a unicast, narrow-beam, broadcast, or broad-beam manner.

[0390] At block 3805, a UE may decode information received from a downlink channel.
The decoded information may indicate that master system information (e.g., an MSIB) is
received in response to a master system information request (e.g., an MSIB transmission
request). In some examples, the downlink channel may include a synchronization signal.
The decoded information may include information decoded from the synchronization signal.
The operation(s) at block 3805 may be performed using the SI acquisition module 720
described with reference to FIGs. 11, 12, 15, or 25, or the sync signal processing module

1205 described with reference to FIG. 12.

[0391] At block 3810, the UE may transmit a master system information request in
accordance with the information decoded from the downlink channel. The operation(s) at
block 3810 may be performed using the SI acquisition module 720 described with reference
to FIGs. 11, 12, 15, or 25, or the UE SI request module 1115 described with reference to
FIGs. 11 or 12.

[0392] At block 3815, the UE may receive the master system information. The master
system information may include system information that allows the UE to perform an initial
access of a network using one or more of an identification of the network, an identification of
a base station in the network, cell selection configuration and access restrictions, or a network
access configuration. The operation(s) at block 3815 may be performed using the SI
acquisition module 720 described with reference to FIGs. 11, 12, 15, or 25, or the master SI

acquisition module 1105 described with reference to FIGs. 11 or 12.
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[0393] At block 3820, the UE may determine, based at least in part on the master system
information, that additional system information is available. The operation(s) at block 3820
may be performed using the SI acquisition module 720 described with reference to FIGs. 11,

12, 15, or 25, or the SI processing module 1110 described with reference to FIGs. 11 or 12.

[0394] At block 3825, the UE may transmit a request (e.g., an OSIB transmission request)
for the additional system information. In some examples, the UE may transmit a plurality of
requests for the additional system information. In some examples, a single OSIB
transmission request may indicate one or a plurality of elements of additional system
information that the UE would like to receive (e.g., a binary value in the OSIB transmission
request may be set to TRUE for each element of additional system information that the UE
would like to receive). In other examples, the UE may request some types of additional
system information in different OSIB transmission requests, a plurality of OSIB transmission
requests may be transmitted. The operation(s) at block 3825 may be performed using the SI
acquisition module 720 described with reference to FIGs. 11, 12, 15, or 25, or the UE SI
request module 1115 described with reference to FIGs. 11 or 12.

[0395] At block 3830, the UE may receive the additional system information. The
operation(s) at block 3830 may be performed using the SI acquisition module 720 described
with reference to FIGs. 11, 12, 15, or 25, or the other SI acquisition module 1120 described
with reference to FIGs. 11 or 12.

[0396] In some embodiments of the method 3800, receiving the master system information
may include receiving an indication of one or more sets of additional system information that
are available. In some embodiments of the method 3800, transmitting the request for the
additional system information may include identifying, in the request for the additional
system information, one or more sets of additional system information. In some
embodiments, the one or more sets of additional system information identified in the request
for the additional system information may include one or more sets of additional system

information indicated in the master system information.

[0397] Thus, the method 3800 may provide for wireless communication. It should be
noted that the method 3800 is just one implementation and that the operations of the method

3800 may be rearranged or otherwise modified such that other implementations are possible.
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[0398] FIG. 39 is a flow chart illustrating an example of a method 3900 for wireless
communication at a base station, in accordance with various aspects of the present disclosure.
For clarity, the method 3900 is described below with reference to aspects of one or more of
the base stations 105 described with reference to FIGs. 1-6 and 16-25. In some examples a
base station may execute one or more sets of codes to control the functional elements of the
base station to perform the functions described below. In some examples, the method 3900
may be performed by a base station transmitting system information in a unicast, narrow-

beam, broadcast, or broad-beam manner.

[0399] At block 3905, a base station may transmit a first set of system information (e.g.,
master system information, such as master system information included in an MSIB). The
operation(s) at block 3905 may be performed using the SI transmission module 1620
described with reference to FIGs. 20, 21, 24A, 24B, or 25, or the master SI transmission

management module 2005 described with reference to FIGs. 20 or 21.

[0400] At block 3910, the base station may receive a request for additional system
information (e.g., non-master system information, such as information included in an OSIB).
The operation(s) at block 3910 may be performed using the SI transmission module 1620
described with reference to FIGs. 20, 21, 24A, 24B, or 25, or the SI request processing
module 2010 described with reference to FIGs. 20 or 21.

[0401] At block 3915, the base station may transmit the additional system information
based at least in part on the request. The operation(s) at block 3915 may be performed using
the SI transmission module 1620 described with reference to FIGs. 20, 21, 24A, 24B, or 25,
or the other SI transmission management module 2015 described with reference to FIGs. 20

or21.

[0402] In some embodiments of the method 3900, transmitting the first set of system
information may include transmitting an indication of one or more sets of additional system
information that are available. In some embodiments of the method 3900, receiving the
request for the additional system information may include receiving multiple requests for
additional system information corresponding to multiple sets of additional system
information to be transmitted. For example, the method 3900 may include receiving a single
OSIB transmission request indicating one or a plurality of elements of additional system

information that a UE would like to receive (e.g., a binary value in the OSIB transmission
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request may be set to TRUE for each element of additional system information that the UE
would like to receive). In other examples, the method 3900 may include receiving requests

for some types of additional system information in different OSIB transmission requests.

[0403] In some embodiments of the method 3900, transmitting the additional system
information, at block 3915, may include at least one of: transmitting system information
indicating which RATs are available in a region and how a UE is to select an available RAT;
transmitting system information indicating which services are available in a region and how a
UE is to obtain an available service; transmitting system information relating to an MBMS or
a PWS service; transmitting system information relating to location, positioning, or
navigation services; or transmitting system information based at least in part on a determined

location of a UE.

[0404] In some embodiments of the method 3900, receiving the request for the additional
system information may include receiving, in the request, one or more capabilities of a UE
transmitting the request. In these embodiments, transmitting the additional system
information may include transmitting system information based at least in part on the one or

more capabilities of the UE included in the request.

[0405] In some embodiments of the method 3900, receiving the request for the additional
system information may include receiving, in the request, a location of a UE transmitting the
request. In these embodiments, the method 3900 may include identifying the additional
system information to transmit based at least in part on the location of the UE included in the
request. Alternatively, the method 3900 may include determining a location of a UE
transmitting the request, and identifying the additional system information to transmit based

at least in part on the location of the UE.

[0406] In some embodiments of the method 3900, receiving the request for the additional
system information may include receiving, in the request, an identification of a UE
transmitting the request. In these embodiments, the method 3900 may include identifying the
additional system information to transmit based at least in part on the identification of the UE
included in the request. In some cases, the additional system information may be identified
by accessing a database that includes the identification of the UE transmitting the request and

one or more capabilities of the UE.
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[0407] Thus, the method 3900 may provide for wireless communication. It should be
noted that the method 3900 is just one implementation and that the operations of the method

3900 may be rearranged or otherwise modified such that other implementations are possible.

[0408] FIG. 40 is a flow chart illustrating an example of a method 4000 for wireless
communication at a base station, in accordance with various aspects of the present disclosure.
For clarity, the method 4000 is described below with reference to aspects of one or more of
the base stations 105 described with reference to FIGs. 1-6 and 16-25. In some examples a
base station may execute one or more sets of codes to control the functional elements of the
base station to perform the functions described below. In some examples, the method 4000
may be performed by a base station transmitting system information in a unicast, narrow-

beam, broadcast, or broad-beam manner.

[0409] At block 4005, the base station may broadcast information on a downlink channel.
The information may indicate that master system information (e.g., an MSIB) is transmitted
in response to a master system information request (e.g., an MSIB transmission request)
received from a UE. In some examples, the downlink channel may include a synchronization
signal. The information may be included in (or associated with) the synchronization signal.
The operation(s) at block 4005 may be performed using the SI transmission module 1620
described with reference to FIGs. 20, 21, 24A, 24B, or 25, or the sync signal transmission

management module 2105 described with reference to FIG. 21.

[0410] At block 4010, the base station may receive a master system information request
(e.g., in accordance with the information broadcast on the downlink channel). In some cases,
receiving the master system information request may include receiving, in the request, an
identification of one or more capabilities of a UE transmitting the request. The operation(s)
at block 4010 may be performed using the SI transmission module 1620 described with
reference to FIGs. 20, 21, 24A, 24B, or 25, or the SI request processing module 2010
described with reference to FIGs. 20 or 21.

[0411] At block 4015, the base station may transmit, in response to receiving the master
system information request, the master system information. In some cases, the master system
information may include system information that allows a UE to perform an initial access of
a network using one or more of an identification of the network, an identification of the base

station, cell selection configuration and access restrictions, or a network access configuration.
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The operation(s) at block 4015 may be performed using the SI transmission module 1620
described with reference to FIGs. 20, 21, 24A, 24B, or 25, or the master SI transmission

management module 2005 described with reference to FIGs. 20 or 21.

[0412] At block 4020, the base station may receive a request for additional system
information. The operation(s) at block 4020 may be performed using the SI transmission

module 1620 described with reference to FIGs. 20, 21, 24A, 24B, or 25, or the SI request
processing module 2010 described with reference to FIGs. 20 or 21.

[0413] At block 4025, the base station may transmit the additional system information
based at least in part on the request for the additional system information. In some cases, the
additional system information may be identified based at least in part on one or more
capabilities of the UE identified in the master system information request. The additional
system information may also be identified based at least in part on information received in
the request for additional system information, or in other ways (e.g., as described with
reference to FIG. 38). The operation(s) at block 4025 may be performed using the SI
transmission module 1620 described with reference to FIGs. 20, 21, 24A, 24B, or 25, or the

other SI transmission management module 2015 described with reference to FIGs. 20 or 21.

[0414] In some embodiments of the method 4000, transmitting the master system
information may include transmitting an indication of one or more sets of additional system
information that are available. In some embodiments of the method 4000, receiving the
request for the additional system information may include receiving multiple requests for
additional system information corresponding to multiple sets of additional system
information to be transmitted. For example, the method 4000 may include receiving a single
OSIB transmission request indicating one or a plurality of elements of additional system
information that a UE would like to receive (e.g., a binary value in the OSIB transmission
request may be set to TRUE for each element of additional system information that the UE
would like to receive). In other examples, the method 4000 may include receiving requests

for some types of additional system information in different OSIB transmission requests.

[0415] Thus, the method 4000 may provide for wireless communication. It should be
noted that the method 4000 is just one implementation and that the operations of the method

4000 may be rearranged or otherwise modified such that other implementations are possible.
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[0416] FIG. 41 is a flow chart illustrating an example of a method 4100 for wireless
communication at a UE, in accordance with various aspects of the present disclosure. For
clarity, the method 4100 is described below with reference to aspects of one or more of the
UEs 115 described with reference to FIGs. 1-15 and 25. In some examples a UE may
execute one or more sets of codes to control the functional elements of the UE to perform the

functions described below.

[0417] Atblock 4105, a UE may receive a first signal (e.g., a sync signal, a paging
message, or another type of transmission (e.g., an MSIB)). At the time of receiving the first
signal, the UE may communicate with a network using first system information. The
operation(s) at block 4105 may be performed using the SI acquisition module 720 described
with reference to FIGs. 13, 14, 15, or 25, or the signal processing module 1305 described
with reference to FIGs. 13 or 14.

[0418] At block 4110, the UE may determine, based at least in part on the first signal, to
request updated system information. The operation(s) at block 4110 may be performed using
the SI acquisition module 720 described with reference to FIGs. 13, 14, 15, or 25, or the

signal processing module 1305 described with reference to FIGs. 13 or 14.

[0419] At block 4115, the UE may request updated system information based at least in
part on the determining. The operation(s) at block 4115 may be performed using the SI
acquisition module 720 described with reference to FIGs. 13, 14, 15, or 25, or the UE SI
request module 1310 described with reference to FIGs. 13 or 14.

[0420] In some embodiments of the method 4100, receiving the first signal may include
receiving an indication that at least a portion of the first system information has changed. In
some examples, the indication may include a modification flag. The modification flag may
indicate, by a counter value or Boolean variable (e.g., a binary value), that a corresponding
portion of system information has changed. In some examples, the indication may include

one or more value tags, as described in more detail with reference to FIGs. 6 or 43.

[0421] In some embodiments of the method 4100, determining to request updated system
information, at block 4110, may include at least one of: identifying that the UE has moved
into a zone using second system information that is different from the first system

information; identifying that the network has changed at least a portion of the first system
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information; or identifying that the UE has moved more than a predetermined distance from a
location where the UE obtained the first system information a previous time (e.g., from the

location where the UE obtained the first system information last time).

[0422] In some embodiments of the method 4100, receiving the first signal, at block 4105,
may include receiving a zone identifier (e.g., an area code, a BSIC, or another cell identifier).
In some cases, the zone identifier may be received as part of a synchronization signal. In
these embodiments, the method 4100 may include using the zone identifier to identify that

the UE has moved from a first zone to a second zone.

[0423] In some embodiments of the method 4100, determining to request updated system
information, at block 4110, may include identifying a distance between a current location of
the UE and a location where the UE obtained the first system information a previous time
(e.g., the last time), and determining that the identified distance exceeds a predetermined
threshold. In some cases, the predetermined threshold may be received from the network. In
some cases, a location signal identifying a location of the UE may also be received. The
location signal may be received, for example, as part of receiving the first signal. The
location signal may also be received in other ways, such as via a GNSS (e.g., GPS, Galileo,

GLONASS or BeiDou).

[0424] Thus, the method 4100 may provide for wireless communication. It should be
noted that the method 4100 is just one implementation and that the operations of the method

4100 may be rearranged or otherwise modified such that other implementations are possible.

[0425] FIG. 42 is a flow chart illustrating an example of a method 4200 for wireless
communication at a UE, in accordance with various aspects of the present disclosure. For
clarity, the method 4200 is described below with reference to aspects of one or more of the
UEs 115 described with reference to FIGs. 1-15 and 25. In some examples a UE may
execute one or more sets of codes to control the functional elements of the UE to perform the

functions described below.

[0426] At block 4205, a UE may receive a first signal (e.g., a sync signal, a paging
message, or another type of transmission (e.g., an MSIB)). At the time of receiving the first
signal, the UE may communicate with a network using first system information. The first

signal may include an indication that at least a portion of the first system information has
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changed. The operation(s) at block 4205 may be performed using the SI acquisition module
720 described with reference to FIGs. 13, 14, 15, or 25, or the signal processing module 1305
described with reference to FIGs. 13 or 14.

[0427] At block 4210, the UE may receive one or more modification flags, each of which
indicates, by a counter value or Boolean variable (e.g., a binary value), that a corresponding
portion of the first system information has changed. In some examples, the corresponding
portion of the first system information may include a portion of master system information,
such as an MSIB or element of an MSIB, In other examples, the corresponding portion of the
first system information may include additional non-master system information, such as an
OSIB or element of an OSIB. The master system information may include one or more of an
identification of the network, an identification of a base station in the network, cell selection
configuration and access restrictions, or network access configuration information. The
master system information may also or alternatively include, for example, one or more other
elements of the master system information described with reference to FIG. 3A. The
additional non-master system information may include one or more elements of the other
system information described with reference to FIG. 4 or 6. In some embodiments, the
modification flag received at block 4210 may be received with (or as part of) the first signal
received at block 4205. The operation(s) at block 4210 may be performed using the SI
acquisition module 720 described with reference to FIGs. 13, 14, 15, or 25, the signal
processing module 1305 described with reference to FIGs. 13 or 14, or the modification flag

or value tag processing module 1405 described with reference to FIG. 14.

[0428] At block 4215, the UE may determine, based at least in part on the first signal or a
modification flag (e.g., when a modification flag is set to TRUE), to request updated system
information. The operation(s) at block 4215 may be performed using the SI acquisition
module 720 described with reference to FIGs. 13, 14, 15, or 25, the signal processing module
1305 described with reference to FIGs. 13 or 14, or the modification flag or value tag
processing module 1405 described with reference to FIG. 14.

[0429] At block 4220, the UE may request updated system information (e.g., an updated
MSIB or OSIB) based at least in part on the determining. The operation(s) at block 4220
may be performed using the SI acquisition module 720 described with reference to FIGs. 13,

14, 15, or 25, or the UE SI request module 1310 described with reference to FIGs. 13 or 14.
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[0430] Thus, the method 4200 may provide for wireless communication. It should be
noted that the method 4200 is just one implementation and that the operations of the method

4200 may be rearranged or otherwise modified such that other implementations are possible.

[0431] FIG. 43 is a flow chart illustrating an example of a method 4300 for wireless
communication at a UE, in accordance with various aspects of the present disclosure. For
clarity, the method 4300 is described below with reference to aspects of one or more of the
UEs 115 described with reference to FIGs. 1-15 and 25. In some examples a UE may
execute one or more sets of codes to control the functional elements of the UE to perform the

functions described below.

[0432] At block 4305, a UE may receive a first signal (e.g., a sync signal, a paging
message, or another type of transmission (e.g., an MSIB)). At the time of receiving the first
signal, the UE may communicate with a network using first system information. The first
signal may include an indication that at least a portion of the first system information has
changed. The operation(s) at block 4305 may be performed using the SI acquisition module
720 described with reference to FIGs. 13, 14, 15, or 25, or the signal processing module 1305
described with reference to FIGs. 13 or 14.

[0433] At block 4310, the UE may receive one or more value tags corresponding to at least
a portion (or different portions) of the first system information that have changed. In some
examples, the one or more value tags may correspond to one or more portions of master
system information, one or more portions of additional non-master system information, or a
combination thereof. The master system information may include one or more of an
identification of the network, an identification of a base station in the network, cell selection
configuration and access restrictions, or network access configuration information. The
master system information may also or alternatively include, for example, one or more other
elements of the master system information described with reference to FIG. 3A. The
additional non-master system information may include one or more elements of the other
system information described with reference to FIGs. 4 or 6. In some embodiments, one or
more value tags received at block 4310 may be received with (or as part of) the first signal
received at block 4305. The operation(s) at block 4310 may be performed using the SI
acquisition module 720 described with reference to FIGs. 13, 14, 15, or 25, the signal
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processing module 1305 described with reference to FIGs. 13 or 14, or the modification flag

or value tag processing module 1405 described with reference to FIG. 14.

[0434] At block 4315, the UE may determine, based at least in part on the first signal or the
one or more value tags, to request updated system information. In some cases, determining to
request updated system information may include comparing a received value tag (e.g., a
received value tag associated with an element of non-master system information included in
an OSIB) with a previously received value tag (e.g., a previously received value tag for the
element of non-master system information), and determining to request the updated system
information based at least in part on the comparison (e.g., determining to request the updated
system information when the value tags do not match). When a received value tag
corresponds to an element of system information that the UE is not monitoring, the UE may
not compare the value tag to a previously received value tag, or may not request the element
of system information. The operation(s) at block 4315 may be performed using the SI
acquisition module 720 described with reference to FIGs. 13, 14, 15, or 25, the signal
processing module 1305 described with reference to FIGs. 13 or 14, or the modification flag

or value tag processing module 1405 described with reference to FIG. 14.

[0435] At block 4320, the UE may request updated system information (e.g., a particular
OSIB or element of an OSIB) based at least in part on the determining. The operation(s) at
block 4320 may be performed using the SI acquisition module 720 described with reference
to FIGs. 13, 14, 15, or 25, or the UE SI request module 1310 described with reference to
FIGs. 13 or 14.

[0436] Thus, the method 4300 may provide for wireless communication. It should be
noted that the method 4300 is just one implementation and that the operations of the method

4300 may be rearranged or otherwise modified such that other implementations are possible.

[0437] FIG. 44 is a flow chart illustrating an example of a method 4400 for wireless
communication at a base station, in accordance with various aspects of the present disclosure.
For clarity, the method 4400 is described below with reference to aspects of one or more of
the base stations 105 described with reference to FIGs. 1, 2, 4, 6, 16, 17, 20, 21, 22, 23, 24A,
24B, or 25. In some examples a base station may execute one or more sets of codes to

control the functional elements of the base station to perform the functions described below.
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[0438] At block 4405, the method 4400 may include transmitting a first signal (e.g., a sync
signal, a paging message, or another type of transmission (e.g., an MSIB)) from a base station
toa UE. At the time of transmission of the first signal, the UE may communicate with a
network using first system information. The first signal may include information to allow the
UE to determine to request updated system information. The operation(s) at block 4405 may
be performed using the SI transmission module 1620 described with reference to FIGs. 22,
23, 24A, 24B, or 25, or the SI transmission management module 2205 described with
reference to FIGs. 22 or 23.

[0439] At block 4410, the method 4400 may include receiving a request from the UE for

updated system information. The operation(s) at block 4410 may be performed using the SI
transmission module 1620 described with reference to FIGs. 22, 23, 24A, 24B, or 25, or the
ST request processing module 2210 described with reference to FIGs. 22 or 23.

[0440] At block 4415, the method 4400 may include transmitting the updated system
information based at least in part on the request. The operation(s) at block 4415 may be
performed using the SI transmission module 1620 described with reference to FIGs. 22, 23,
24A, 24B, or 25, or the SI transmission management module 2205 described with reference

to FIGs. 22 or 23.

[0441] In some embodiments of the method 4400, transmitting the first signal may include
transmitting an indication that at least a portion of the first system information has changed.
In some examples, the indication may include a modification flag. The modification flag
may indicate, by a counter value or Boolean variable (e.g., a binary value), that a
corresponding portion of system information has changed. In some examples, the indication

may include one or more value tags, as described in more detail with reference to FIG. 46.

[0442] In some embodiments of the method 4400, transmitting the first signal, at block
4305, may include transmitting a zone identifier (e.g., an area code, a BSIC, or another cell
identifier). In some cases, the zone identifier may be transmitted as part of a synchronization

signal.

[0443] Thus, the method 4400 may provide for wireless communication. It should be
noted that the method 4400 is just one implementation and that the operations of the method

4400 may be rearranged or otherwise modified such that other implementations are possible.
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[0444] FIG. 45 is a flow chart illustrating an example of a method 4500 for wireless
communication at a base station, in accordance with various aspects of the present disclosure.
For clarity, the method 4500 is described below with reference to aspects of one or more of
the base stations 105 described with reference to FIGs. 1, 2, 4, 6, 16, 17, 20, 21, 22, 23, 24A.
24B, or 25. In some examples a base station may execute one or more sets of codes to

control the functional elements of the base station to perform the functions described below.

[0445] At block 4505, the method 4500 may include transmitting a first signal (e.g., a sync
signal, a paging message, or another type of transmission (e.g., an MSIB)) from a base station
toa UE. At the time of transmission of the first signal, the UE may communicate with a
network using first system information. The first signal may include information to allow the
UE to determine to request updated system information. The first signal may also include an
indication that at least a portion of the first system information has changed. The operation(s)
at block 4505 may be performed using the SI transmission module 1620 described with
reference to FIGs. 22, 23, 24A, 24B, or 25, or the SI transmission management module 2205
described with reference to FIGs. 22 or 23.

[0446] At block 4510, the method 4500 may include transmitting one or more modification
flags, each of which indicates, by a counter value or Boolean variable (e.g., a binary value),
that a corresponding portion of the first system information has changed. In some examples,
the corresponding portion of the first system information may include a portion of master
system information, such as an MSIB or element of an MSIB, In other examples, the
corresponding portion of the first system information may include additional non-master
system information, such as an OSIB or element of an OSIB. The master system information
may include one or more of an identification of the network, an identification of a base
station in the network, cell selection configuration and access restrictions, or network access
configuration information. The master system information may also or alternatively include,
for example, one or more other elements of the master system information described with
reference to FIG. 3A. The additional non-master system information may include one or
more elements of the other system information described with reference to FIG. 4 or 6. In
some embodiments, the modification flag transmitted at block 4510 may be transmitted with
(or as a part of) the first signal transmitted at block 4505. The operation(s) at block 4510

may be performed using the SI transmission module 1620 described with reference to FIGs.
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22,23, 24A. 24B, or 25, the SI transmission management module 2205 described with
reference to FIGs. 22 or 23, or the modification flag or value tag transmission management

module 2305 described with reference to FIG. 23.

[0447] At block 4515, the method 4500 may include receiving a request from the UE for
updated system information (e.g., an updated MSIB or OSIB). The operation(s) at block
4515 may be performed using the SI transmission module 1620 described with reference to
FIGs. 22, 23, 24A, 24B, or 25, or the SI request processing module 2210 described with
reference to FIGs. 22 or 23.

[0448] At block 4520, the method 4500 may include transmitting the updated system
information based at least in part on the request. The operation(s) at block 4520 may be
performed using the SI transmission module 1620 described with reference to FIGs. 22, 23,
24A. 24B, or 25, or the SI transmission management module 2205 described with reference

to FIGs. 22 or 23.

[0449] Thus, the method 4500 may provide for wireless communication. It should be
noted that the method 4500 is just one implementation and that the operations of the method

4500 may be rearranged or otherwise modified such that other implementations are possible.

[0450] FIG. 46 is a flow chart illustrating an example of a method 4600 for wireless
communication at a base station, in accordance with various aspects of the present disclosure.
For clarity, the method 4600 is described below with reference to aspects of one or more of
the base stations 105 described with reference to FIGs. 1, 2, 4, 6, 16, 17, 20, 21, 22, 23, 24A,
24B, or 25. In some examples a base station may execute one or more sets of codes to

control the functional elements of the base station to perform the functions described below.

[0451] At block 4605, the method 4600 may include transmitting a first signal (e.g., a sync
signal, a paging message, or another type of transmission (e.g., an MSIB)) from a base station
toa UE. At the time of transmission of the first signal, the UE may communicate with a
network using first system information. The first signal may include information to allow the
UE to determine to request updated system information. The first signal may also include an
indication that at least a portion of the first system information has changed. The operation(s)

at block 4605 may be performed using the SI transmission module 1620 described with
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reference to FIGs. 22, 23, 24A, 24B, or 25, or the SI transmission management module 2205
described with reference to FIGs. 22 or 23.

[0452] At block 4610, the method 4600 may include transmitting one or more value tags
corresponding to at least a portion (or different portions) of the first system information that
has/have changed. In some examples, the one or more value tags may correspond to one or
more portions of master system information, one or more portions of additional non-master
system information, or a combination thereof. The master system information may include
one or more of an identification of the network, an identification of a base station in the
network, cell selection configuration and access restrictions, or network access configuration
information. The master system information may also or alternatively include, for example,
one or more other elements of the master system information described with reference to
FIG. 3A. The additional non-master system information may include one or more elements
of the other system information described with reference to FIGs. 4 or 6. In some
embodiments, one or more value tags transmitted at block 4610 may be transmitted with (or
as a part of) the first signal transmitted at block 4605. The operation(s) at block 4610 may be
performed using the SI transmission module 1620 described with reference to FIGs. 22, 23,
24A, 24B, or 25, the SI transmission management module 2205 described with reference to
FIGs. 22 or 23, or the modification flag or value tag transmission management module 2305

described with reference to FIG. 23.

[0453] At block 4615, the method 4600 may include receiving a request from the UE for
updated system information (e.g., a particular OSIB or element of an OSIB). The
operation(s) at block 4615 may be performed using the SI transmission module 1620
described with reference to FIGs. 22, 23, 24A, 24B, or 25, or the SI request processing
module 2210 described with reference to FIGs. 22 or 23.

[0454] At block 4620, the method 4600 may include transmitting the updated system
information based at least in part on the request. The operation(s) at block 4620 may be
performed using the SI transmission module 1620 described with reference to FIGs. 22, 23,
24A. 24B, or 25, or the SI transmission management module 2205 described with reference

to FIGs. 22 or 23.
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[0455] Thus, the method 4600 may provide for wireless communication. It should be
noted that the method 4600 is just one implementation and that the operations of the method

4600 may be rearranged or otherwise modified such that other implementations are possible.

[0456] The detailed description set forth above in connection with the appended drawings
describes examples and does not represent the only examples that may be implemented or
that are within the scope of the claims. The terms “example” and “exemplary,” when used in
this description, mean “serving as an example, instance, or illustration,” and not “preferred”
or “advantageous over other examples.” The detailed description includes specific details for
the purpose of providing an understanding of the described techniques. These techniques,
however, may be practiced without these specific details. In some instances, well-known
structures and apparatuses are shown in block diagram form in order to avoid obscuring the

concepts of the described examples.

[0457] Information and signals may be represented using any of a variety of different
technologies and techniques. For example, data, instructions, commands, information,
signals, bits, symbols, and chips that may be referenced throughout the above description
may be represented by voltages, currents, electromagnetic waves, magnetic fields or particles,

optical fields or particles, or any combination thereof.

[0458] The various illustrative blocks and modules described in connection with the
disclosure herein may be implemented or performed with a general-purpose processor, a
digital signal processor (DSP), an ASIC, an FPGA, an SoC, or another programmable logic
device, discrete gate or transistor logic, discrete hardware components, or any combination
thereof designed to perform the functions described herein. A general-purpose processor
may be a microprocessor, but in the alternative, the processor may be any conventional
processor, controller, microcontroller, or state machine. A processor may also be
implemented as a combination of computing devices, e.g., a combination of a DSP and a
microprocessor, multiple microprocessors, one or more microprocessors in conjunction with

a DSP core, or any other such configuration.

[0459] The functions described herein may be implemented in hardware, software
executed by a processor, firmware, or any combination thereof. If implemented in software
executed by a processor, the functions may be stored on or transmitted over as one or more

instructions or code on a non-transitory computer-readable medium. Other examples and
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implementations are within the scope of the disclosure and appended claims. For example,
due to the nature of software, functions described above can be implemented using software
executed by a processor, hardware, firmware, hardwiring, or combinations of any of these.
Features implementing functions may also be physically located at various positions,
including being distributed such that portions of functions are implemented at different
physical locations. Also, as used herein, including in the claims, “or” as used in a list of
items prefaced by “at least one of” indicates a disjunctive list such that, for example, a list of
“at least one of A, B, or C” means A or B or C or AB or AC or BC or ABC (i.e., A and B and
O).

[0460] Computer-readable media includes both computer storage media and
communication media including any medium that facilitates transfer of a computer program
from one place to another. A storage medium may be any available medium that can be
accessed by a general purpose or special purpose computer. By way of example, and not
limitation, computer-readable media can comprise RAM, ROM, electrically erasable
programmable ROM (EEPROM), compact disk ROM (CD-ROM) or other optical disk
storage, magnetic disk storage or other magnetic storage devices, or any other medium that
can be used to carry or store desired program code means in the form of instructions or data
structures and that can be accessed by a general-purpose or special-purpose computer, or a
general-purpose or special-purpose processor. Also, any connection is properly termed a
computer-readable medium. For example, if the software is transmitted from a website,
server, or other remote source using a coaxial cable, fiber optic cable, twisted pair, digital
subscriber line (DSL), or wireless technologies such as infrared, radio, and microwave, then
the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless technologies such as
infrared, radio, and microwave are included in the definition of medium. Disk and disc, as
used herein, include CD, laser disc, optical disc, digital versatile disc (DVD), floppy disk and
Blu-ray disc where disks usually reproduce data magnetically, while discs reproduce data
optically with lasers. Combinations of the above are also included within the scope of

computer-readable media.

[0461] The previous description of the disclosure is provided to enable a person skilled in
the art to make or use the disclosure. Various modifications to the disclosure will be readily

apparent to those skilled in the art, and the common principles defined herein may be applied
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to other variations without departing from the scope of the disclosure. Throughout this
disclosure the term “example” or “exemplary” indicates an example or instance and does not
imply or require any preference for the noted example. Thus, the disclosure is not to be
limited to the examples and designs described herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein
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CLAIMS

What is claimed is:

1. A method for wireless communication at a user equipment (UE), comprising;

receiving, at the UE, a first signal, the first signal comprising a system
information block including a first indication of whether system information is to be requested
by the UE and a second indication of at least one of a channel, a frequency, or timing
information for sending, by the UE, a request for the system information;

identifying one or more functions for which system information is to be
obtained;

sending, by the UE, the request for system information in accordance with the
first indication;

receiving, at the UE, the system information in accordance with the first
indication and the request, wherein the received system information includes system
information for the identified one or more functions; and

establishing a connection between the UE and a base station in accordance with

the received system information.

2. The method of claim 1, wherein receiving the system information comprises:
receiving the system information via a second signal in accordance with the

first indication, the second signal being transmitted via a broadcast or broad-beam operation.

3. The method of claim 1, wherein receiving the first signal comprises:
receiving information indicating a predetermined channel on which system
information is to be transmitted via a second broadcast signal via a broadcast or broad-beam

operation.

4. The method of claim 1, wherein receiving the first signal comprises:
receiving the first signal as part of a broad-beam operation in a massive

multiple-input/multiple-output (MIMO) network, or
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receiving the first signal as part of a broadcast operation in a non-massive

multiple-input/multiple-output (MIMO) network.

5. The method of claim 1, wherein receiving the system information comprises:

sending a request for the system information for the one or more functions, and
receiving the system information for the one or more functions in response to the request; or

sending a separate request for system information for each of the one or more
functions, each request being for system information of a different function; and receiving,

individually, system information for the one or more functions in response to each request.

6. The method of claim 1, wherein receiving the first signal further comprises:

receiving a third indication that system information for the one or more
functions is to be broadcast at one or more predetermined times and on one or more
predetermined channels; or

receiving a third indication that system information for the one or more

functions is available,

7. The method of claim 1, wherein receiving the system information comprises:

receiving the system information for the one or more functions, wherein the
system information includes information identifying the one or more functions for which the
system information is valid; or

receiving the system information for one of the one or more functions,
determining whether additional system information for the one of the one or more functions is
needed, and requesting additional system information for the one of the one or more functions
based at least in part on the determining; or

receiving the system information for the one or more functions, wherein the
system information includes information identifying a validity time period, and re-obtaining
the system information for the one or more functions upon expiration of the validity time

period.
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&. The method of claim 1, wherein the one or more functions include one or
more of an energy efficient function, a high reliability function, a low latency function, a

broadcast function, or a small data function.

9. A method for wireless communication, comprising:

transmitting, from a base station, a first signal, the first signal comprising a
system information block including a first indication of whether system information is to be
requested by a user equipment (UE) and a second indication of at least one of a channel, a
frequency, or timing information for sending, by the UE, a request for the system information;

receiving, at the base station, the request for the system information in
accordance with the indication;

transmitting, from the base station, the system information in accordance with
the first indication and the request, wherein the system information associated with functions
available to the UE, wherein separate transmissions are used to transmit the system
information for different functions and different configurations of functions; and

establishing a connection between the base station and the UE in accordance

with the system information.

10. The method of claim 9, wherein transmitting the system information
comprises:
transmitting the system information via a second signal in accordance with the

indication, the second signal being transmitted via a broadcast or broad-beam operation.

11. The method of claim 9, further comprising:
including, in the first signal, information indicating a predetermined channel on

which the system information is to be transmitted via a broadcast or broad-beam operation.

12. The method of claim 9, wherein transmitting the system information
comprises:
transmitting the system information in accordance with the indication and a

transmission mode.
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13. The method of claim 12, further comprising:

changing the transmission mode to be a broadcast or broad-beam mode
targeting a cell edge and having fixed periodic scheduling; or

changing the transmission mode to be a broadcast or broad-beam mode
targeting a cell edge and having an on-demand periodic scheduling triggered by the request for
the system information in accordance with the first indication.; or

changing the transmission mode to be a broadcast or broad-beam mode having
an on-demand aperiodic scheduling triggered by the request for the system information in
accordance with the first indication;or

changing the transmission mode to be a unicast or narrow-beam mode having
an on-demand aperiodic scheduling triggered the request for the system information in
accordance with the first indication; or

changing the transmission mode based on network load or congestion status.

14, The method of claim 9, further comprising:

using a broad-beam operation to transmit the first signal in a massive multiple-
input/multiple-output (MIMO) network;or

using a broadcast operation to transmit the first signal in a non-massive

multiple-input/multiple-output (MIMO) network.

15. The method of claim 9, further comprising:

receiving a request for the system information for one or more function in
accordance with the indication, and transmitting the system information for the one or more
functions in response to the request; or

receiving multiple requests for the system information for one or more
functions in accordance with the first indication, each request being from the UE and being for
system information of a different function, and transmitting the system information for the one

or more functions in response to the request.

16. The method of claim 9, further comprising:
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including, in the first signal, a third indication that the system information for
one or more functions is to be broadcast at one or more predetermined times and on one or
more predetermined channels or

including, in the first signal, a third indication that the system information for

one or more functions is available to be requested.

17. The method of claim 9, further comprising:

including, in the system information, information indicating one or more
functions for which the system information is valid; or

including, in the system information, information indicating a duration of time
for which the system information is valid, wherein the system information for different

functions and different configurations of functions includes different durations of time.

18. The method of claim 9 further comprising;

receiving one or more requests for system information for one or more
functions in accordance with the first indication without having included in the first signal a
third indication of which functions system information is available; or

receiving one or more requests for the system information in accordance with
the indication, and identifying the system information to be sent pertaining to different

functions based at least in part on transmission resources used by the one or more requests.

19. The method of claim 9, further comprising:
changing the first indication to indicate that system information is to be
transmitted via either a broadcast or broad-beam operation or via a unicast or narrow-beam

operation.

20. An apparatus for wireless communication, comprising:

means for receiving, at a UE, a first signal comprising a system information
block, the first signal including a first indication of whether system information is to be
requested by the UE and a second indication of at least one of a channel, a frequency, or

timing information for sending, by the UE, a request for the system information;
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means for identifying one or more functions for which system information is to
be obtained;

means, by the UE, the request for the system information in accordance with
the first indication;

means for receiving, at the UE, the system information in accordance with the
first indication and the request, wherein the received system information includes system
information for the identified one or more functions; and

means for establishing a connection between the UE and a base station in

accordance with the received system information.

21. An apparatus for wireless communication, comprising:

means for transmitting a first signal, the first signal comprising a system
information block and including a first indication of whether system information is to be
requested by a user equipment (UE) and a second indication of at least one of a channel, a
frequency, or timing information for sending, by the UE, a request for the system information;

means for receiving, at the base station, the request from the UE for the system
information;

means for transmitting the system information in accordance with the first
indication and the request, wherein the system information associated with functions available
to the UE, wherein separate transmissions are used to transmit the system information for
different functions and different configurations of functions; and

means for establishing a connection between the base station and the UE in

accordance with the received system information.

22. An apparatus for wireless communication, comprising:

a processor;

memory in electronic communication with the processor; and

instructions stored in the memory, the instructions being executable by the

processor to perform the method of any one of claims 1 to 8 or 9 to 19.
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23. A non-transitory computer-readable medium storing computer-executable
code for wireless communication, the code executable by a processor to perform the method

of any one of claims 1 to 8 or 9 to 19,



PCT/US2016/015990

WO 2016/130353

1/48

001




WO 2016/130353

200

2/48

PCT/US2016/015990

FIG. 2



WO 2016/130353 PCT/US2016/015990
3/48
Broadcast
Broadcast Sync MSIB w/ 305
Sync  MSIB w/ change change )~
310 315 310 315 310-a 315-a
First
Base o
Station
Broadcast 320
Sync MSIB ~
325 325 330 325 330
Second
Base .
Station
335
Sync Sched. ~
340 340 348 340
Third
Base o
Station
Req. Broadcast
MSIB
350
Sync Sched. r~
355 355 362 355
Fourth
Base .
Station

Req. Unicast
MSIB

FIG. 3A



WO 2016/130353 PCT/US2016/015990
4/48
Sync (Service 1) (Service 2) o~
370 375-a 375-b 370 370
Fifth
Base >
Station
SIB Tx Regq. SIB Tx Req.
Tx SIB (Service 380
Sync Specific Info) )
385 390 385 385
r
| I
Sixth | |
Base t >
Station 388
SIB Tx Regq.
(Service
Info)

FIG. 3B



WO 2016/130353 PCT/US2016/015990

5/48
400
o~
115-b
| |
| .. . 405 |
> Instance of a Periodic Sync Signal —~ |
1
. I
Process instance of the /410 I
periodic sync signal I
' I
| . 415
: MSIB transmission request -~ >I
. I
: MSIB 120
e =
' !
Process information included /425 :
in the MSIB I
! I
| . 430
OSIB transmission request >|
! |
| 435
: Prepare one or more OSIBs ~
| 440 |
| OSIB o
< OSIB |
< A
I 445 |

FIG. 4



PCT/US2016/015990

WO 2016/130353

6/48

¢ DA

€1V Y 10qUSIBN

SIOMION UOTIBITUNWIWIO)) SSA[RIIA DS

N
<
Sos

mé 10qUST
SIS

00¢

11V 10qUSION

01¢



WO 2016/130353 PCT/US2016/015990

7/48

105-d

115-¢ Instance of a Periodic Sync Signal (or
Paging Message) w/ Indicator that
System Information (SI) has Changed

I
I
e

1
Process instance of the 610
periodic sync signal or
paging message
I

MSIB transmission request -~

MSIB >,

- -7 —

Process information included| 625
in the MSIB and prepare
OSIB transmission request

OSIB transmission request -~

635

OSIB
OSIB

o St T

FIG. 6



WO 2016/130353

710
J

Module

Y

PCT/US2016/015990
8/48
700
o~
115-d
____________________________ -
ST Acquisition Module |~ 720
735
J
ST Acquisition Mode Module 730
S
740 UE
/ »| Transmitter
UE SI Request Module Module

I
I
I
I
I
I
I
I
I
I
_|_> UE Receiver
I
I
I
I
I
I
I
I
I
I

745
/

ST Receipt Module

FIG. 7



WO 2016/130353

710-a
]

UE Receiver

Module

A 4

PCT/US2016/015990
9/48
800
v
115-¢

______________________ e
I
I
SI Acquisition Module :
L~720-a I
I
735-a |
/ I
SI Acquisition Mode Module |
805 |
)1 I
I
Sync Signal Receipt Module I
I
730-a |

2}1 0 f

ST Acquisition Mode »| Transmitter

Determination Module Module

740-a
J

UE SI Request Module

745-a
J

ST Receipt Module

FIG. 8



WO 2016/130353

710-b
J

Module

I
I
I
I
I
I
I
I
I
I
_|_> UE Receiver
I
I
I
I
I
I
I
I
I
I

PCT/US2016/015990
10/48
900
Jo~
115-f
____________________________ -
I
I
ST Acquisition Module L_~720-b |
I
905 |
! I
Service-Specific SI Acquisition |
Mode Module 7}O-b |
I
910 UE |
> / » Transmitter —>
UE Service-Specific SI Request Module |
Module |
I
74;I5-b |
I
ST Receipt Module :
I
I
I

FIG. 9



WO 2016/130353

710-c
J

UE Receiver

Y

PCT/US2016/015990
11/48
1000
o~
115-g
______________________ e
I
I
ST Acquisition Module :
L~720-¢c |
I
905-a |
/ I
Service-Specific SI Acquisition |
Mode Module |
1005
f I
I
Sync Signal Receipt Module I
I
730-c |
1010 1
J
Service-Specific SI Acquisition > Transmitter
Mode Determination Module Module

Module

910-a
J

UE Service-Specific SI Request
Module

745-c
J

ST Receipt Module

FIG. 10



WO 2016/130353

710-d
J

UE Receiver

A 4

PCT/US2016/015990
12/48
1100
o~
115-h
I
— |
SI Acquisition Module | _~720-d |
I
1105 |
! |
Master SI Acquisition Module :
I
110 730-d |
J
SI Processing Module UE
» Transmitter
1}1 15 Module

I
I
I
|
|
|
|
|
|
|
|
|
|
_:_> Module
|
|
|
|
|
|
|
|
|
|
|

UE SI Request Module

1120
I

Other SI Acquisition Module

FIG. 11



WO 2016/130353

710-e
]

Module

PCT/US2016/015990
13/48
1200
v
115-
I
I
SI Acquisition Module 720-e |
d I
1205 |
S |
Sync Signal Processing Module :
I
1105-a |
/ |
Master SI Acquisition Module 730-e :
J
1110-a UE
> ! » Transmitter
SI Processing Module Module
1115-a
J

I
I
|
|
|
|
|
|
|
|
|
|
|
|
_:_> UE Receiver
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

UE SI Request Module

1120-a
J

Other SI Acquisition Module

FIG. 12



WO 2016/130353

710-f
]

UE Receiver

A 4

PCT/US2016/015990
14/48
1300
o~
1154
I
I
SI Acquisition Module ~720-f I
I
1905 730 |
S
Signal Processing Module UE
» Transmitter
1}) 10 Module

|
|
|
|
|
|
|
|
_:_> Module
|
|
|
|
|
|

UE SI Request Module

FIG. 13



WO 2016/130353

710-g
S

Module

A 4

PCT/US2016/015990
15/48
1400
v
115-k
____________________________ -
I
I
SI Acquisition Module L~720-g |
I
1305-a |
! I
Signal Processing Module |
730-g |
1405 !
! UE
Modification Flag or Value » Transmitter
Tag Processing Module Module
1310-a
J

|
|
|
|
|
|
|
|
|
|
_|_> UE Receiver
|
|
|
|
|
|
|
|
|
|

UE SI Request Module

FI1G. 14



WO 2016/130353 PCT/US2016/015990

16/48
1500
o~
115-1
S
1510 1520
J . !
UE Memory
UE Processor | Module
Module Code 1525
1550 1535«
J
State Module — 7;20'}1
1 )53 0 SI Acquisition Module
UE Transceiver |
Modules(s)
1540
J
N
UE Antenna(s)

FIG. 15



WO 2016/130353

17/48

PCT/US2016/015990

160

SI Transmission Module

1635
J

SI Transmission Mode Module

1640
/

L~ 1620

1630
/

Base Station
(or RRH)

|

|

|

|

|

|

|

| 1610

I S

| Base Station
1, (or RRH)

| Receiver

| Module

|

|

|

|

|

|

|

|

Y

Base Station SI Request Module

1645
J

SI Transmit Module

Transmitter
Module

FIG. 16

0



WO 2016/130353 PCT/US2016/015990

18/48
1700
o~
105-f

I I
I I
: SI Transmission Module :
I |
| 1635-a |
I — ! |
| SI Transmission Mode Module |
: 1705 I

f |
I |
I Sync Signal Transmit Module I
I |
| 1610-a 1630-a |
| S 1710 I
I Base Station J Base Station I
R (or RRH) N ST Transmission Mode N (or RRH) >
I Receiver Determination Module Transmitter I
I Module Module |
I |
| 1640-a I
| / l
I .
I Base Station SI Request Module :
I |
| 1645-a |
| ! |
: SI Transmit Module :
I |
I |
I |
I |
I |

FIG. 17



WO 2016/130333 PCT/US2016/015990
19/48
1800
o~
105-g
____________________________ -
| |
I
| SI Transmission Module L~1620-b |
|
I
| 1805 |
| f ,
| Service-Specific SI Transmission |
: 1610 Mode Module 1630-0 |
| Base Station 1810 Base Station :
| (R02ceiver) > . . / T(r(;rnsmitt)er I
Modul Base Station Service-Specific SI Modul |
: S Request Module St |
I
| 1645-b |
| S
| I
| SI Transmit Module :
| |
| I
L I

FIG. 18



WO 2016/130353

20/48

PCT/US2016/015990

1610-c
J

Base Station
(or RRH)

SI Transmission Module

1805-a
S

Receiver
Module

Y

Service-Specific SI Transmission

Mode Module
1905
S

Sync Signal Transmit Module

1910
J

Service-Specific SI
Transmission Mode
Determination Module

18]0-a
J

Base Station Service-Specific SI
Request Module

1645-c
J

SI Transmit Module

L~1620-c

Base Station
(or RRH)
Transmitter
Module

FIG. 19



WO 2016/130353 PCT/US2016/015990

21/48
2000
'
105-1
- T e ';
I
|
: SI Transmission Module L_~1620-d |
|
| 2005 |
| ! |
| Master SI Transmission |
: 16; 10-d Management Module 16;30'(1 |
I Base Station 2010 Base Station
| (or RRH) R .| (orRRH)
| Receiver " "| Transmitter
I Module SI Request Processing Module Module
I
| 2015
| S
| Other SI Transmission
| Management Module
I
I
I
e e e e e e e e e e e e e e e e e e e e

FIG. 20



WO 2016/130353

1610-¢
J

Base Station
(or RRH)

22/48

PCT/US2016/015990

2100

SI Transmission Module

2105
S

Sync Signal Transmission
Management Module

2005-a
J

Module

|
|
|
|
|
|
|
|
|
|
|
|
|
T Receiver
I
I
I
I
I
I
|
I
I
I
I
I

A 4

Master SI Transmission
Management Module

2010-a
J

SI Request Processing Module

2015-a
I

Other SI Transmission
Management Module

Base Station
(or RRH)
Transmitter
Module

FIG. 21



WO 2016/130353

23/48

PCT/US2016/015990

2200

SI Transmission Module

2205
S

|

|

|

|

|

| 1610-f

| }

| Base Station

(or RRH)

— Receiver

: Module

|

|

|

|

|

A 4

SI Transmission
Management Module

2210
J

SI Request Processing Module

~ 1620-f

Base Station
(or RRH)
Transmitter
Module

FIG. 22



WO 2016/130353

24/48

PCT/US2016/015990

2300

SI Transmission Module

2205-a
J

I

I

I

I

I

I

I

| 1610-

| 5

| Base Station
N (or RRH)

I Receiver

I Module

I

I

I

I

I

I

I

I

A 4

SI Transmission
Management Module

2305
I

Modification Flag or Value
Tag Transmission
Management Module

2210-a
J

SI Request Processing Module

Base Station
(or RRH)
Transmitter
Module

FIG. 23



WO 2016/130353

25/48

PCT/US2016/015990

2400

130-a
J
Core Network
105-m
)]
2440 2410
J P f
Network ‘
Communications Base Station
Module Processor Module
2420 2435w 1620-h
S J
Base Station ‘
Memory Module Basg SFaUOﬂ S(I1 1
Code 2425 Transmission Module
2430 2450
J f
Communieations Base Station
T i M |
Module ransceiver Module(s)
- 4 245{
Base Station
Antenna(s)
105-n 105-0
/ J

Base Station

Base Station

FIG. 24A




WO 2016/130353 PCT/US2016/015990
26/48
2405
o~
105-p
g 2}145
130-b 2460
f / N
RRH
Core Network Processor
Module
2415
J
2440-a 2410-a 2465
F i
Network Central Node RRH Memory
Communications Processor Module
Module Module Code 2470
) . 2475~
2420-a  2435-a— 1620-i 1620-j
S J S
Central Node CentrglINode RRH SI
Memory Module Transmission Transmission  —
Code 2425-a Module
—— Module
2430-a 2495 2490
S S S
2498
Central ‘No‘de RRH Interface || f Central Node
Communications Module T Interface —
Module : Module
‘V' :
|
: 2480
! )]
: RRH
: Transceiver |—
: Module(s)
| <
105-q 105-r |
j o s
1
B i B i !
ase Station ase Station : RRO N/
: Antenna(s)
|
|
|
I o
e —- o
o

FIG. 24B




PCT/US2016/015990

¢C DIA

27/48

WO 2016/130353

. ‘powsg
92IN0Y — 10SS300Id |, 10ss001g ¢ > PON/XL xd > 10199190 |, JOSS3001] L, ndinQ
eleq XL OIN XL |* pow "POIN/X], |- nv ONIIN xXd eleq
X /X4
7 rd 7 < 7 7
79¢6¢C 99¢T ﬂ 666 £ese 9¢¢ST ﬁ 8¢£6T
I -~
£66C ¢ece
- 9[NPOIA S[NPON <«
AIOUWRIA [ 10550001 |[€P vonismboy IS . UOISSIWSUBL] IS 4> 10550001 [P AOWIN
7 7 7 ) 7 57 7
78ST owmma 0cL J-0291 0¥ST (4454
‘powd( o
ndinQ - 10SS300Id < 10199190 4 P POW/AXL Xd . JOSSA00L] €< 10$$300.1d — 92IN0Y
el x4 | ONIN : ‘powsg PON/XL e OWINXL [ef X1 el
/Xd
7 7 7 < 7 7
8¢¢T 9¢¢T 14374 (434 0€sc 0¢sT
\Ix ﬂ\/
w-G11 ASY4 14 3Y4 $-601
~



WO 2016/130353

28/48

Receiving a first signal, the first signal
including an indication of whether
system information is to be requested
by the UE.

Obtaining system information in
accordance with the indication.

FIG. 26

PCT/US2016/015990
2600
o~
2605
/
2610
/



WO 2016/130353

29/48

Receiving a first signal, the first signal
including an indication of whether
system information is to be requested
by the UE.

Y

Sending a request for system
information in accordance with the
indication.

Receiving system information in
response to the request.

FIG. 27

PCT/US2016/015990
2700
j 4
2705
/
2710
/
2715
/



WO 2016/130353

30/48

Receiving a first signal, the first signal
including an indication of whether
system information is to be requested
by the UE.

Y

Receiving system information via a
second signal in accordance with the
indication, the second signal being
transmitted via a broadcast or broad-
beam operation.

FIG. 28

PCT/US2016/015990
2800
j 4
2805
/
2810
/



WO 2016/130353

31/48

Transmitting a first signal, the first
signal including an indication of
whether system information is to be
requested by a UE.

Transmitting system information in
accordance with the indication.

FIG. 29

PCT/US2016/015990
2900
o~
2905
/
2910
/



WO 2016/130353

32/48

Transmitting a first signal, the first
signal including an indication of
whether system information is to be
requested by a UE.

Y

Receiving a request for system
information in accordance with the
indication.

Transmitting system information in
response to the request.

FIG. 30

PCT/US2016/015990
3000
j 4
3005
/
3010
/
3015
/



WO 2016/130353

33/48

Transmitting a first signal, the first
signal including an indication of
whether system information is to be
requested by a UE.

Y

Transmitting system information via a
second signal in accordance with the
indication, the second signal being
transmitted via a broadcast or broad-
beam operation.

FIG. 31

PCT/US2016/015990
3100
j 4
3105
/
3110
/



PCT/US2016/015990

WO 2016/130353

34/48

¢t DA

"uonBIIPUL
AU} YIM OUBPIOIIR Ul
UONBWIOJUT WAISAS J0F Jsanbai
© Aq 2193311 Surnpayos
spoudde puewAP-uoO
ue SUIARY dPOW WEIQ-MOLIBU
JO Jsed1un © 9q 0} dpou
uoIssTwIsueI} Ay} SuISuey)

"uonedIpul
AU} YIIM OUBPIOIIR Ul
UOTJBWIOJUT WAISAS J0F }sanbax
® AQ 219331} Surnpayoss
srpoudde puewAP-uoO
ue SUIARY QpOW WEBdG-PLOIq
1O JSeOpROIQ B 9q 0} dpOW
uoISsIwsueI} Ay} SuISuey)

e A
0€TE

~ A
GTTE

00¢t

"uonedIpul
AU} YIIM 0UBPIOIIR
Ul UOTJRULIOJUT WRISAS
J0j 1sanbax e Aq 219331
Surnpayos arpouad puewdp
-UO Uk SulARY pue A3Pa [
© SunosIe) 9pow weaq-peoiq
1O }SeOPROIQ B 9q 0} 9pOW
uoIssIuIsueI} 9y} Suisuey)

“Burnpayos arpornad
Pax1J SuIABY puk AFP3 [0
© Sunosie) dpow wedg-peoiq
JO 1SeOpROIQ B 9q O} 9pOW
uoISSTwIsuRI} Y} FuISuRY)

~ A
1443

~ A
43

"9pOW UOISSTWSULI)
| ©pue uonesIpuI Y} YHM d0UBPIOOL
012¢ Ul UOTJRUWLIOJUT WIRISAS SUINIWSURI],

N & Aq passonbaix
9q 0} ST UOTIBULIOJUT W)SAS JayIoym
~| o uoneoipur ue Suipnpour feusSis
$0T¢ | 1511y oy “[eusSis 151y B SUMIWSURI],




WO 2016/130353

35/48

Receiving a first signal comprising a
first indication, the first indication
associated with obtaining system
information

Y

Identifying one or more services for
which system information is to be
obtained

Y

Obtaining system information for the
identified one or more services in
accordance with the first indication

FIG. 33

PCT/US2016/015990
3300
e~
3305
/
3310
/
3315
/



PCT/US2016/015990

WO 2016/130353

36/48

paurelqo
9q 0} ST UONRUWLIOJUT WJSAS
UOIyM JOJ SIDIAIIS dIoW
JO 3UO 9} JOJ UOBWIOJUI
WIRISAS U} dpnoul
18y} SISEOPLOIQ QIOW IO
QUO JOJ SUTUIISI] AQ SIDTAIIS
QIOW JO QUO PIYIIUIPI A} 10J
UOTBWIOJUT WR)SAS SururelqQ

~ A
STre

ve DIA

paureiqo 2q 03
ST UOTJRWLIOJUT WIAJSAS YoIyMm
JOJ SIDIAIDS QIOW JO U0
9} JO OB IOJ UOBWIOJUI
wRISAS 10J s1sonbaix
dresedas Suipuds AQ SII1AIIS
9JOW JO QUO PIAYNUIPI A} 10F
uOTBWIOJUT WA)SAS SuturelqQ

~ A
11443

8743

Sove

00¥¢

paure1qo 2q 0}

ST UOTJBWIIOJUT WISAS YoIyMm
JOJ SJIAISS 2IOW JO JUO
Y} sayudpI Ap1dxa 1By}
1sonbai & SuIpuds AQ SIDIAIIS
9JOW JO AUO PAYNUIPI A} 1OJ
UOTBWIOJUT WAISAS SuturelqQ

~ A
043

paureiqo
9q O} ST UOTJRULIOJUT WISAS yoIym
JOJ SDIAIIS I0W JO JUO SUIAJNUIP]

UONRWIOJUT
WAISAS SUIUIRIQO M PIIBIDOSSE
UoneIIPUI JS11J AU} ‘UONBIIPUI ISIY
e Sursudwod [euSIS 151 B SUIARIY




WO 2016/130353 PCT/US2016/015990

37/48
3500

Transmitting a first signal comprising a| 3505
first indication associated with
obtaining system information by a UE
for one or more services

Y

Transmitting, in accordance with the
first indication, system information | 3510
associated with services available to [~
the UE, wherein separate transmissions
are used to transmit the system
information for different services and
different configurations of services

FIG. 35
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39/48
3700

. . . 3705
Receiving, at a user equipment (UE), a |~

first set of system information.

Y

Determining, based at least in parton | 3710
the first set of system information, that
additional system information is
available.

3715
Transmitting a request for the L~
additional system information.
Y
o o 3720
Receiving the additional system L~

information at the UE.

FI1G. 37
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40/48
3800

Decoding, at a user equipment (UE), | 3805
information received from a downlink ~
channel.

Y

Transmitting a master system 3810
information request in accordance with [~/
the information decoded from the
downlink channel.

. 3815
Receiving, at the UE, the master |~

system information.

Y

Determining, based at least in part on | 3820
the master system information, that [~
additional system information is
available.

3825
Transmitting a request for the 7
additional system information.
Y
o . 3830
Receiving the additional system L~

information at the UE.

FIG. 38
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41/48

Transmitting, from a base station, a
first set of system information.

Receiving a request for additional
system information.

Transmitting the additional system
information based at least in part on the
request.

FIG. 39
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42/48
4000
o~
. . 4005
Broadcasting, from a base station, |~

information on a downlink channel.

Y

Receiving a master system information | 4010
request in accordance with the
information broadcast on the downlink
channel.

Y

Transmitting, from the base station, in
response to receiving the master
system information request, the master

system information.

4015
L~

. . 4020
Receiving a request for additional |~

system information.

Transmitting the additional system /4025
information based at least in part on the
request.

FIG. 40
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43/48

Receiving a first signal at a user
equipment (UE), the UE
communicating with a network using
first system information.

Determining, based at least in part on
the first signal, to request updated
system information.

Requesting updated system
information based at least in part on the
determining.

FIG. 41
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44/48
4200

Receiving a first signal at a user 4205
equipment (UE), the UE
communicating with a network using
first system information.

Y

Receiving one or more modification | 4210
flags, each of which indicates a
corresponding portion of the first
system information that has changed.

Y

Determining, based at least in parton | 4215
the first signal or the one or more
modification flags, to request updated
system information.

Requesting updated system
information based at least in part on the
determining.

4220
|~

FIG. 42
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45/48
4300

Receiving a first signal at a user 4305
equipment (UE), the UE
communicating with a network using
first system information.

Y

Receiving one or more value tags 4310
corresponding to at least a portion (or
different portions) of the first system

information that have changed.

Y

Determining, based at least in parton | 4315
the first signal or the one or more value
tags, to request updated system
information.

Requesting updated system
information based at least in part on the
determining.

4320
|~

FIG. 43
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46/48

Transmitting a first signal from a base
station to a user equipment (UE), the
UE communicating with a network
using first system information, the first
signal including information to allow
the UE to determine to request updated
system information.

Receiving a request from the UE for
updated system information.

Transmitting the updated system
information based at least in part on the
request.

FIG. 44
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47/48
4500

Transmitting a first signal from a base
station to a user equipment (UE), the
UE communicating with a network 4505
using first system information, the first ~
signal including information to allow
the UE to determine to request updated
system information.

Y

Transmitting one or more modification | 4510
flags, each of which indicates a
corresponding portion of the first
system information that has changed.

4515
Receiving a request from the UE for [~

updated system information.

Transmitting the updated system /4520
information based at least in part on the
request.

FIG. 45
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48/48
4600

Transmitting a first signal from a base
station to a user equipment (UE), the
UE communicating with a network 4605
using first system information, the first ~
signal including information to allow
the UE to determine to request updated
system information.

Y

Transmitting one or more value tags 4610

corresponding to at least a portion (or |~

different portions) of the first system
information that have changed.

4615
Receiving a request from the UE for [~

updated system information.

Transmitting the updated system /4620
information based at least in part on the
request.

FIG. 46
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