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(57) Abstract: Embodiments of an Evolved Node-B (eNB), User Equipment (UE) and methods for communication in accordance
with enhance coverage (EC) global system for mobile (GSM) communication are generally described herein. In some embodiments,
the eNB and/or UE may be configured to operate in accordance with enhanced coverage GSM internet-of-things (EC-GSM-IoT) op -
eration. The eNB may transmit a bitmap of enhanced coverage paging channel (EC-PCH) indicators that indicate whether a group of
EC-PCHs are allocated during a multi-frame for paging of one or more UEs. The multi-frame may include a control portion and an
EC-PCH portion that includes multiple time-division multiple-access (TDMA) frames. Different portions of the EC-PCH indicators
may be mapped to EC-PCHs that span different numbers of TDMA frames.
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EVOLVED NODE-B (ENB), USER EQUIPMENT (UE} AND METHODS
FOR PAGING IN ENHANCED COVERAGE PAGING CHANNELS

TECHNICAL FIELD

HEED Y This application claims priority under 35 U.5.C. 12010
International Apphication Serial No. PCT/UN2016/076993, filed March 22,

16 2016, which is incorporated herein by referonce in ifs entirety.

TECHNICAL FIELD

[0002] Embodiments pertain to wircless communications. Some

15 embodiments relate to wireless networks including 3GPP (Third Generation
Partnership Project) networks, 3GPP GPRS (General Packet Radio Service)
networks, 3GPP GSM (Global System for Mobile) networks, 3GPP LTE (Long
Term Evolution) networks and/or 3GPP LTE-A {(LTE Advanced} networks,
although the scope of the embodiments is not limited i this respect. Some

20 embodiments related to enhanced coverage (EC) operation. Some embodiments
relate to mternet~-of-things (o) operation, including EC-GSM-IoT operation.

Some embodiments relate to paging channels and/or paging messages.

25 BACKGROUND

{0603] Base stations and mobile devices operating in a cellular network
may exchange data and related control messages. In an example scenario, the
network may support operation according to Intemet of Things (1oT) protocols
30 ortechniques. In some embodiments, mobile devices that support IoT operation
may operate in accordance with reduced processing power, memory, size,
complexity and/or other factors. Some operations may be challenging, mcluding

paging, synchronization, exchanging of data and/or others. Accordingly, there is
1
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a general need for methods and systems for performing these and other

operations as part of loT techniques and/or other technigues.

BRIEF DESCRIPTION OF THE DRAWINGS

[O004] FI1G. 1 15 a functional diagram of a 3GPP network in accordance
with some embodiments;

[0005] FIG. 2 illustrates a block diagram of an example machine in
accordance with some embodiments;

{8606} FI(G. 3 18 a block diagram of an Evolved Node-B (eNB) in
accordance with some embodiments;

{6007} F1G. 4 is a block diagram of a User Equipment (UE) in
accordance with some embodiments;

j3308] FIG. 5 illustrates a coverage enhancement scenario in accordance
with some embodiments;

HEERY FIG. 6 illustrates an example of time-division multiple~access
(TDMA) operation in accordance with some embodiments;

{6G10] FI1G. 7 illustrates the operation of a method of communication in
accordance with some embodiments;

{0011} F1G. 8 illustrates examples of cnhanced coverage paging channels
{E{C-PCHs} in accordance with some embodiments;

06012} FIG. 9 illustrates additional examples of EC-PCHs in accordance
with some embodiments;

0613} FIG. 10 illustrates additional exampies of EC-PCHs
accordance with some embodiments;

{0614} FIG. 11 ilustrates additional examples of EC-PCHsin
accordance with some embodiments;

61 5] FIG. 12 illustrates an example of an enhanced coverage pagmg
mformation channel (EC-PICH) 1 accordance with some embodiments;

HEBEY FIG. 13 ilustrates the operation of ancther method of

conmmunication m accordance with some embodiments; and

b
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{6017 FIG. 14 tlustrates the operation of another method of

communication in accordance with some embodiments.

DETAILED DESCRIPTION

6018} The following description and the drawings sufficiently illustrate
specific embodiments to enable those skilled in the art to practice them. Other

10 embodiments may mcorporate structural, logical, clectrical, process, and other
changes. Portions and features of some embodiments may be included in, or
substituted for, those of other embodiments. Embodiments set forth in the claims
encompass all available equivalents of those claims.
[0019] FI1G. 1 15 a functional diagram of a 3GPP network in accordance

15 with some embodiments. It should be noted that embodiments are not limited to
the example 3GPP network shown in FIG. 1, as other networks may be used in
some cmbodiments. In some embodiments, a network that supports one or more
technologies, such as Global Svstem for Mobile (GSM), General Packet Radio
Service (GPRS), Enhanced Data Rates for GSM Evolution (EDGE), Wideband

20 Code-Division Multiple Access (W-UDMA), Long Term Evolation (LTE). Fifth
Generation {5G) and/or others may be used. The network may support a
cornbination of one or more such technologies, in some embodiments, although
a stand-alone network that supports one sach technology may also be used. As
an example, a network may support an updated or newer technology and may

25 continue to support {and/or be backward compatible with} a previously
mnplemented technology (which may be a legacy technology}. As an example,
an LTE network may support legacy GPRS operation, in some cases.
Embodiments are not limited to these example networks, however, as other
networks may be used in some embodiments. In addition, in some

30 embodiments, one or more networks, inchuding these example networks and/or
other networks, may be used in combination. As an example, the UE 102 may
be configured to communicate with an LTE network 110 and a GPRS network

120 m some cases. Such networks may or mayv not include some or all of the
3
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components shown in FIG. 1, and may include additional components and/or
alternative components in SOMme £ases.
{06026] FIG. 1 shows a portion of an end-to-end network architecture of a
3GPP network with various components of the network m accordance with some
5 ombodiments. The network 100 may melude one or more radio aceess networks

{RAN} such as the E-UTRAN 110 and the GERAN/UTRAN 120, which may
provide air interfaces for the UE 102 to conununicate with the network 100 over
the hinks 115 and 125, respectively. It should be noted that although GERAN
and UTRAN are two different radio access networks standardized by 3GPP, the

10 GERAN/UTRAN 120 is shown as a single block m FIG. 1 for convenience. In
addition, the term “GERAN/UTRAN” may also be used for convenience, and
may refer to a “GERAN or UTRAN.” The E-UTRAN 110 may include the eNB
104 and additional eNBs not shown, while the GERAN/UTRAN 120 may
include the base transceiver system (BTS) 122 and/or Node-B 122 and additional

15 BTSs/Node-Bs not shown. In addition, other components may be included in
the E-UTRAN 110 and the GERAN/UTRAN 120, although such components
may not be shown in FIG. 1 for case of illustration. In some cmbodiments, the
E-UTRAN 110 may provide an air interface to the UE 102 for 4G services while
the GERAN/UTRAN 120 may provide an air interface to the UE 102 for 3G

20 and/or 2G services. In accordance with some embodiments, the eNB 104 may
transmit paging messages in one or more enhanced coverage paging channels
(HC-PCHs}. The paging messages may indicate that one or more Ulls 102 are to
be paged. In some embodiments, the paging messages may indicate that one or
more paging groups (which may include one or more UEs 102} are to be paged.

25 The UE 102 and ¢NB 104 mayv exchange control messages and/or data messages.
It should also be noted that in some embodiments, the BTS 122 and/or Node-B
122 may transmit paging messages in one or more EC-PCHs. In addition, the
UE 102 may cxchange control messages and/or data messages with the BTS 122
and/or Node-B 122, n some embodiments. These embodiments will be

30 described in more detail below.
[0021] The network 100 may also include a Mobile Switching Center /
Visitor Location Register (MSC / VLR) 150, which may provide, manage or
facilitate delivery of circuit-switched {CS} services for the UE 102, The network

4
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100 may also inclade the Mobility Management Entity (MME) 130, which may
provide, manage or facilitate delivery of packet-switched (P5} services for the
UE 102 through the E-UTRAN 110. The network 100 mayv also include the
Serving GPRS Support Node (SGSN) 140, which may provide, manage or
facilitate delivery of packet-switched (PS) services for the UE 102 through the
GERAN/UTRAN 120, The MME 130 and/or the SGSN 140 may manage
mobility aspects in access such as gateway selection and tracking area list
management.
[0022] The MME 130 may be communicatively coupled to the
MSC/VEER 150 through the SGs interface 164 and to the E-UTRAN 110 through
the S1 interface 160. The SGAN 140 may be communicatively coupled to the
MSC/VLER 150 through the Gs mierface 165 and to the GERAN 120 through the
Gb interface 161 or to the UTRAN 120 through the Tu-ps interface 161, The
MSC/VER 150 may be communicatively coupled to the GERAN 120 through
the A mterface 163 or to the UTRAN 120 through the lu-cs interface 163, In
addition, the SGSN 140 and MME 130 may be communicatively coupled
through the 83 interface 162. It should be noted that the imterfaces 161, 163 as
shown i FIG. 1 mclude multiple labels for convenience of ilustration only.
{0623} In some embodiments, the UE 102 may recetve 4G services
through a path that inclodes the E-UTRAN 110 and the MME 130, In some
cmbodiments, the UE 102 may receive 3G services through a path that includes
the UTRAN 120 and the SGSN 140, or through a path that includes the UTRAN
120 and the MSC/VLR 150, In some embodiments, the UE 102 may receive 2G
services through a path that includes the GERAN 120 and the SGSN 140, or
through a path that includes the GERAN 120 and the MSC/VER 150. These
embodiments are not limiting, however, as the components i the network 100
may provide all or some of those or other services in any suitable manner.
[0024] In some embodiments, one or more of the UEs 102 may be
configured to operate 1n accordance with an internet-of-things (IoT} protocol
and/or loT techmigues. As an example, enhanced coverage GSM internct-of-
things {EC-GSM-IoT) protocols and/or techniques may be used in some cases.
Accordingly, references herein to a UE, loT UK and/or EC-GSM-{oT UE as part
of descriptions herein are not hmiting. For mstance, references to one of the UE,
5
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10T UE or EC-GSM-IoT UE as part of descriptions of various operations and/or
technigues may be applicable to the others in some embodiments (and may be
applicable to other devices, in some crobodiments). In some embodiments, the
eNB 104 may be contigured to operate in accordance with an intemnet-of-things

{IoT) protocol, IoT techniques, an EC-GSM-IoT protocol and/or EC-GSM-IoT

()]

techniques. In some embodiments, the UE 102 and/or eNB 104 mayv be
configured to operate in accordance with a machine type communication {MTC)
protocol and/or MTC technigues.
[6025] In accordance with some embodiments, UEs 102 may be

10 configured to convmumnicate Gaussian minimum shifi-keying (GMSK)
communication signals with the eNB 104 (or other base station component).
The eMNBs 104 may be configured to communicate GMSK signals with the UEs
102 {or other devices and/or mobile devices) in some embodiments. The GMSK
signals may be communicated in accordance with a GSM protocol, in some

I35 embodiments. In some embodiments, the GMSK signals may be further
communicated in accordance with an EC-GSM-IoT protocol. In addition, the
GMSK signals may be communicated in accordance with time-division multiple-
access (TDMA) techmgues, frequency-division multiple~-access (FDMA)
techniques and/or a combination thereof, in some embodiments.

20 {0026] As used herein, the term "circuitry"” may refer to, be part of, or
mclude an Application Specific Integrated Circuit (ASIC), an clectronic circuit,
a processor {shared, dedicated, or group), and/or memory {shared, dedicated, or
group} that execute one or more software or firmware programs, a combinational
logic cireuit, and/or other suitable hardware components that provide

25 the described functionality. In some embodiments, the circuitry may be
implemented i, or functions associated with the circuitry may be implemented
by, one or morg software or firmware modules. In some embodiments, circaitry
may include logic, at [cast partially operable in hardware. Entbodiments
described herein may be implemented mto a svstem using any suifably

30 configared hardware and/or software.
[6027) FIG. 2 illustrates a block diagram of an example machine in
accordance with some embodiments. The machine 200 is an example machime

upon which any one or more of the techniques and/or methodologies discussed
6
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herein may be performed. In alternative embodiments, the machine 200 may
operate as a standalone device or may be connected {¢.g., networked) to other
machines. In anetworked deployment, the machine 200 may operate in the
capacity of a server machine, a client machine, or both n server-client network
enviromments. In an example, the machine 200 may act as a peer machme in
peer-to-peer {P2P) {or other distributed) network environment. The machine 200
may be a UE 102, eNB 104, access point (AP}, station (STA), mobile device,
base station, personal computer (PC), a tablet PC, a set-top box (5TB), a
personal digital assistant (PDA), a mobile telephone, a smart phone. a web
appliance, a network router, switch or bridge, or any machine capable of
executing mnstructions {sequential or otherwise) that specify actions to be taken
by that machine. Further, while only a single machine is illustrated, the term
“maching” shall also be taken to include any collection of machines that
mdividually or jointly execute a set {or multiple scts) of instructions to perform
any one or more of the methodologies discussed herein, such as cloud
computing, software as a service {(Saal), other computer cluster configurations.
{0028} Examples as described herein, may include, or may operate on,
logic or a number of components, modules, or mechanisms. Modules are
tangible entities {¢.g., hardware) capable of performing specified operations and
may be configured or arranged in a certain manner. In an example, circuits may
be arranged {(¢.g., internally or with respect to external entitics such as other
circuits) in a specified manner as a module. In an example, the whole or part of
one or more computer systems {¢.g., a standalone, client or server computer
system} or ong or more hardware processors may be configured by firmware or
software (e.g., instructions, an application portion, or an application) as a module
that operates to perform specified operations. In an example, the software may
reside on a machine readable medium. In an example, the software, when
executed by the underlving hardware of the module, causes the hardware 1o
perform the specified operations.

[06029] Accordingly, the term “module” is understood o encompass a
tangible entity, be that an entity that is physically constructed, specifically
contigured {¢.g., hardwired), or temporanily {¢.g., transitonly) configured (¢.g..

programmed) to operate in a specified manner or to perform part or all of any
7
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operation described herein. Considering examples m which modules are
temporarily configured, cach of the modules need not be mmstantiated at any one
moment in time. For example, where the modules comprise a gencral-purpose
hardware processor contigured using software, the general-purpose hardware
5 processor may be configured as regpective differont modules at different times.

Software may accordingly configure a hardware processor, for example, to
constitute a particular module at one instance of time and to constitute a different
modide at a different instance of time.
[3039] The machine {¢.g., computer system} 200 may include a hardware

10 processor 202 {e.g., a central processing unit (CPU), a graphics processing unit
{(GPL]}, a hardware processor core, or any combination thereof), a mamn memory
204 and a static memory 206, some or all of which may commmanicate with each
other via an interlink (¢ g, bus) 208, The machine 200 may further include a
display unit 210, an alphanumenc mput device 212 {e.g., a kevboard), and a user

15 mterface (UD) navigation device 214 (¢.g., a mouse). In an example, the display
vnit 210, mput device 212 and Ul navigation device 214 may be a touch screen
display. The machine 200 may additionally include a storage device {e.g., drive
unit} 216, a signal generation device 218 {(¢.g., a speaker), a network interface
device 220, and one or more sensors 221, such as a global positioning svstem

20 {GPS) sensor, compass, accelerometer, or other sensor. The machine 200 may
nclude an output controller 228, such as a serial {c.g., universal serial bus
{UUSB), parallel, or other wired or wireless {e.g., nfrared (IR), near field
commumication (NFC), ete.) connection to communicate or control one or more
peripheral devices {e.g.. a printer, card reader, eic.).

25 (6031 The storage device 216 may mclude a machine readable medium
222 on which 1s stored one or more sets of data structures or mstructions 224
{c.g., software} embodying or utilized by any one or more of the technigues or
functions described herein. The instructions 224 may also reside, completely or
at least partially, within the main memory 204, within static memory 206, or

30 within the hardware processor 202 during execution thercof by the machine
200. In an example, one or any combination of the hardware processor 202, the
main memory 204, the static memory 206, or the storage device 216 may

constitute machine readable media. In some embodiments, the machine readable
8



WO 2017/164910 PCT/US2016/042310

medium may be or may include a non-transitory computer-readable storage
medium.
[0032] While the machine readable mediwm 222 is dllustrated as a single
medium, the term "machine readable medium” mav mclude a single medivm or
5 multiple media {¢.g., a centralized or distnbuted database, and/or associated
caches and servers) configured to store the one or more instractions 224, The
term “machine readable medivm” may inchide any medium that is capable of
storing, encoding, or carryving instructions for execution by the machine 200 and
that cause the machine 200 to perform any one or more of the techniques of the

10 present disclosure, or that is capable of storing, encoding or carrying data
structures used by or associated with such instructions. Non-limiting machine
readable medium examples may include solid-state memories, and optical and
magnetic media. Specific examples of machine readable media may inclade:
non~volatile memory, such as semiconductor memory devices {¢.g., Electrically

15 Programmable Read-Only Memory (EPROM), Electrically Erasable
Programmable Read-Only Memory (EEPROM)) and flash memory devices;
magnetic disks, such as mternal hard disks and removable disks; magneto-optical
disks; Random Access Memory (RAM); and CD-ROM and DVD-ROM
disks. In some examples, machine readable media may mclude non-transitory

20 machine readable media. In some examples, machine readable media may
include machine readable media that is not a transitory propagating signal.
{6633} The mstructions 224 may further be transmitted or received over
a communnications network 226 using a transmission medium via the network
miterface device 220 utilizing any one of a number of transfer protocols {¢.g.,

25 frame relay, internet protocol (IP), transmussion control protocol {TCP}, user
datagram protocol (UDP), hypertext transfer protocol (HTTP}, etc.). Example
communication networks may include a local area network (LAN), a wide arca
network (WAN), a packet data network {¢.g., the Internet), mobile telephone
networks {e.g., celiular networks), Plan Old Telephone (POTS) networks, and

30 wireless data networks {e.g., Institute of Electrical and Electronics Engineers
(IEEE} 802 11 famuly of standards known as Wi-Fi®, IEEE 802.16 family of
standards known as WiMax®), IEEE 802 .15 4 family of standards, a Long Term

2

Evolution (LTE) famuly of standards, a Universal Mobile Telecommunications
G
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System (UMTS) family of standards, peer-to-peer (P2P) networks, among
others. In an example, the network interface device 220 may include one or
more physical jacks {¢.g., Ethemet, coaxial, or phone jacks) or one or more

antennas to connect to the communications network 226. In an example, the

()]

network mterface device 220 may include a plurality of antennas to wirelessly
communicate using at least one of single-input muftiple-output (SIMO),
multiple-input multiple-output (MIMO), or multiple-input single-output (MISO)
technigues. In some examples, the network mterface device 220 may wirglegsly
communicate using Mudtiple User MIMO techniques. The teom “transmission
10 mediom™ shall be taken to include any intangible medium that is capable of
storing, encoding or carrving mstructions for execution by the machine 200, and
mehudes digital or analog commumications signals or other intangible medium to
facilitate communication of such software.
[0034] F1G. 3 1s a block diagram of an Evolved Node-B (eNB) in
I35 accordance with some embodiments. It should be noted that m some
embodiments, the eNB 300 may be a stationary non-mobile device. The eNB
300 may be suitable for use as an eNB 104 as depicted in FIG. 1. 1t should be
noted that embodiments are not limited by references herein to an eNB 104, such
as in descriptions herein of methods, operations and/or techniques. In some
20 embodiments, such methods, operations and/or techniques may be applicable to
embodiments in which another base station component {such as a BTS, Node-B
or other) are included.
{0035] The eNB 300 may inclade physical layer circuitry 302 and a
transceiver 305, one or both of which may enable transmission and reception of
25 signals to and from the UE 200, other eNBs, other UEs or other devices using
one or more antennas 301, As an example, the physical laver cirauitry 302 may
perform various encoding and decoding functions that may include formation of
bascband signals for transmission and decoding of received signals. As another
example, the transceiver 303 may perform various transmission and reception
30 functions such as conversion of signals between a baseband range and a Radio
Frequency (RF) range. Accordingly, the physical layer circuitry 302 and the
transceiver 305 mav be separate components or may be part of a combined

component. In addition, some of the deseribed functionality related to
10
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transmission and reception of signals may be performed by a combination that
may include one, any or all of the phyvsical laver circuitry 302, the transceiver
305, and other components or layers. The eNB 300 may also include mediom
access control laver (MAC) circuitry 304 for controlling access 1o the wireless
5 medium. The ¢NB 300 may alse include processing circuitry 306 and memory

308 arranged to perform the operations described herein. The eNB 300 may also
mclude one or more interfaces 310, which may enable communication with other
components, inchuding other eNBs 104 (FIG. 1), components in the network 100
(FIG. 1) or other network components. In addition, the interfaces 310 may

10 enable communication with other components that may ot be shown in FIG. 1,
mehuding components external to the network. The mterfaces 310 may be wired
or wircless or a combination thereof. It should be noted that in some
embodiments, an eNB or other base station may include some or all of the
components shown in either FIG. 2 or FIG. 3 or both.

15 [9836] FIG. 4 1s a block diagram of a User Equipment (UE) in
accordance with some embodiments. The UE 400 may be suitable foruse as a
UE 102 as depicted in FIG. 1. It should be noted that emboduments are not
hinuted by references herein to a UE 102, such as in descriptions herein of
methods, operations and/or techniques. In some embodiments, such methods,

20 operations and/or technigques may be applicable to embodiments in which
another mobile device {such as an M8 or other) are included.
[6037] In some embodiments, the UE 400 may include application
circuitry 402, baseband circuitry 404, Radio Frequency (RF) circottry 406, front-
end module (FEM) circuitry 408 and one or more antennas 419, coupled together

25 atleast as shown. In some embodiments, other circuitry or arrangements may
mehide one or more elements and/or components of the apphication circuitry
4072, the baseband circuitry 404, the RF circuitry 406 and/or the FEM circuitry
408, and may also include other clements and/or components in some cases. As
an example, “processing circuitry” may mclude one or more elements and/or

30 components, some or all of which may be included in the application circuitry
402 and/or the baseband circuitry 404. As another example, a “transceiver”
and/or “transceiver circuitry” may melude one or more clements and/or
components, some or all of which may be mcluded in the RF circuitry 406

i
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and/or the FEM circuitry 408, These examples are not hmiting, however, as the
processing circuitry, transceiver and/or the transceiver circuitry may also include
other elements and/or components in some cases. it should be noted that in
some embodiments, a UE or other mobile device may include some or all of the
5 components shown in either FIG. 2 or FIG. 4 or both.
{0038} The application circuitry 402 may clade one or more
application processors. For example, the apphication circuitry 402 may mclude
circuitry such as, but not limited to, one or more single-core or multi-corg
processors. The processor(s) may tnclude any combmation of general-purpose

10 processors and dedicaied processors {e.g.. graphics processors,
application processors, ete.}). The processors may be coupled with and/or may
meclude memorv/storage and may be configured to execute nstructions stored m
the memory/storage to enable varous applications and/or operating systems o
run on the svstem.

15 [9839] The baseband circuiiry 404 may include circuitry such as, but not
limited to, one or more single-core or multi-core processors. The baseband
circuitry 404 may clude one or more baseband processors and/or control logic
to process baseband signals received from a receive signal path of the RF
circuitry 406 and to generate baseband signals for a transmit signal path of the

20 RF circuitry 406. Bascband processing circuttry 404 may imterface with the
application circuitry 402 for gencration and processing of the baschand signals
and for controlling operations of the RF circuitry 406. For example, in some
embodiments, the baseband circuitry 404 may include a second generation (2(G)
bascband processor 404a, third generation (3G) baseband processor 404b, fourth

25 generation (40) baseband processor 404c¢, and/or other baseband processor(s)
4044 for other existing gencrations, generations in development or to be
developed in the future (e g, fifth gencration (3G}, 6G, ¢tc.}. The bascband
circuitry 404 (e.g., one or more of baseband processors 404a-~d) may handle
various radio control functions that enable communication with one or more

30 radio networks via the RF circuitry 406. The radio control functions may
mnclude, but are not limited to, signal modulation/demodulation,
encoding/decoding, radio frequency shitting, etc. In some embodiments,

modulation/demodulation circuitry of the baseband circuitry 404 may include

12
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Fast-Fouarier Transform (FFT), precoding, and/or constellation
mapping/demapping functiopality. In some embodiments, encoding/decoding
circuttry of the baseband circuitry 404 may include convolution, tail-biting
convolution, turbo, Viterbi, and/or Low Density Parity Check (LDPC)

5 encoder/decoder functionality. Embodiments of modulation/demodulation and
encoder/decoder functionality are not himited to these examples and may include
other suitable functionality in other embodiments.

06040} In some embodiments, the baseband circuitry 404 may include
clements of a protocol stack such as, for example, clements of an evolved

10 universal terrestrial radio aceess network (EUTRAN) protocol including, for
example, physical (PHY}, media access control (MAC), radio link control
{RLC), packet data convergence protocol (PDCP), and/or radio resource control
{RRC) clements. A central processing unit {CPU) 404¢ of the baseband circuitry
404 mav be configured fo run clements of the protocol stack for signaling of the

15 PHY, MAC, RLC, PDCP and/or RRC lavers. In some embodiments, the
baseband circuitry may include one or more andio digital signal processor{s})
(DSP) 4041, The audio DSP(s) 404f may be include clements for
compression/decompression and echo cancellation and may mclude other
suttable processing elements in other embodiments. Components of the

20 baseband circuitry may be suitably combined in a single chip, a single chipset, or
disposed on a same circuit board in some embodiments. In some embodiments,
some or all of the constituent components of the bascband circuitry 404 and the
application circuitry 402 may be implemented together such as, for example, on
a system on a chip (SOC).

25 [6641] In some embodiments, the baseband circuitry 404 may provide
for communication compatible with one or more radio technologics. For
example, in some embodiments, the baseband circuitry 404 may support
cormmunication with an evolved universal terrestral radio access network
{(EUTRAN) and/or other wireless metropolitan area networks (WMAN},

30 awircless local area network (WLAN), a wireless personal area network
(WPAN). Embodiments in which the baseband circuitry 404 is configured to
support radio communications of more than one wireless protocol may be

referred to as molti-mode baseband circuitry.
i3
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06042} RF circuitry 406 may enable communication with wireless
networks using modulated electromagnetic radiation through a noo-solid
medium. In vanous embodiments, the RF circuitry 406 may include switches,
filters, amplifiers, etc. fo facilitate the communication with the wireless network.
5 RF circuitry 406 may mclode a receive signal path which may include circuitry

to down-convert RE signals received from the FEM circuitry 408 and provide
bascband signals to the baseband circuitry 404, RF circuttry 406 may also
mclude a transmit signal path which may mclude circuitry to up-convert
bascband signals provided by the baseband circuitry 404 and provide RF output

10 signals to the FEM circuitry 408 for transmission.
{86043} In some embodiments, the RF circuitry 406 may include a receive
signal path and a transmt signal path. The receive signal path of the RY circuitry
406 may inclade mixer circuitry 406a, amplifier circuitry 406b and filter
circuitry 406¢. The transmit signal path of the RF circuttry 406 may include

15 filter circuitry 406¢ and maxer circuitry 406a. RF circurtry 406 may also mclude
synthesizer circuitry 406d for synthesizing a frequency for use by the mixer
circuitry 406a of the receive signal path and the transmit signal path. fo some
embodiments, the mixer circuitry 406a of the receive signal path may be
configured to down-convert RF signals recetved from the FEM circuitry 408

20 based on the synthesized frequency provided by synthesizer circuitry 406d. The
amplifier circuitry 406b may be configured to amplify the down-converted
signals and the filter circnitry 406¢ may be a low-pass filter (LPF) or band-pass
filter (BPF) configured to remove unwanted signals from the down-converted
signals to generate output baseband signals. Output baschand signals may be

25 provided to the baseband circuitry 404 for further processing. In some
embodiments, the output baschand signals may be zero-frequency baschand
signals, although this is not a requirement. In some embodiments, mixer circuitry
406a of the receive signal path may comprise passive mixers, although the scope
of the embodmments is not limited in this respect. In some embodiments, the

30 mixer cirenitry 406a of the transmit signal path may be configured to up-convert
mnput baseband signals based on the synthesized frequency provided by the
synthesizer circuitry 406d to generate RF output signals for the FEM circuitry
408. The baseband signals may be provided by the baseband circuitry 404 and

14
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may be filtered by filter circuitry 406¢. The filter circuitry 406¢ may include a
low-pass filter (LPF), although the scope of the embodiments is not limited in
this respect.

16044] In some embodiments, the mixer circuitry 406a of the receive

(4

signal path and the mixer circuitry 406a of the transmit signal path may melude

two or more mixers and may be arranged for quadrature downconversion and/or

upconversion respectivelv. In some embodiments, the mixer circuitry 406a of the
receive signal path and the mixer circuitry 406a of the transmit signal path may

mclude two or more mixers and may be arranged for image rgjection {e.g.,

10 Hartlev mmage rejection}. n some embodiments, the mixer circuitry 406a of the
recerve signal path and the nmixer circuitry 406a may be arranged for direct
downconversion and/or direct upconversion, respectively. In some embodiments,
the mixer circuitry 406a of the reccive signal path and the mixer circuitry 406a
of the transmit signal path may be configured for super-heterodvne operation.

15 [0045] In some embodiments, the output baseband signals and the mput
baseband signals may be analog baschand signals, although the scope of the
embodiments s not linuted 1o this respect. In some alternate emabodiments, the
oufput bascband signals and the input baseband signals may be digital baseband
signals. In these alternate embodiments, the RF circuitry 406 may include

20 analog-to-digital converter (ADC) and digital-te-analog converter (DAC)
circuitry and the bascband circuttry 404 may inchude a digital bascband interface
to commumnicate with the RF circurtry 406, In some dual-mode embodiments, a
separate radio EC circuitry may be provided for processing signals for cach
spactrum, although the scope of the embodiments is not limited i this respect.

25 [6046] In some embodiments, the synthesizer circuitry 406d may be a
fractional-N synthesizer or a fractional N/N-+1 synthesizer, although the scope of
the embodiments is not limited in this respect as other types of frequency
synthesizers may be suitable. For example, svanthesizer circuitry 406d may be a
delta-sigma synthesizer, a frequency multiplier, or a synthesizer comprising a

30 phase-locked loop with a frequency divider. The synthesizer cireanitry 406d may

be contfigured to synthesize an output frequency for use by the mixer circuitry

406a of the RF circuitry 406 based on a frequency mput and a divider control

mput. In some embodiments, the synthestzer circuitry 406d may be a fractional
15
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NN+ svathesizer. In some embodiments, frequency input may be provided by
a voltage controlled oscillator (VCQ), although that 1s not a requirement. Divider
control mput may be provided by ctther the baseband circuitry 404 or the
applications processor 402 depending on the desired output frequency. In some
5 embodiments, a divider control mput {¢.g., N) may be deternuned from a lock-

up table based on a channel mdicated by the applications processor 402.
{0047} Synthesizer circuitry 406d of the RF circunitry 406 may include a
divider, a delay-locked loop (DLL), a multiplexer and a phase accumulator. In
some embodiments, the divider may be a dual modulus divider (BMD) and the

10 phase accumulator may be a digital phase accumulator (BPA). In some
embodiments, the DMD may be configured to divide the imput signal by either N
or N+1 {e.g., based on a carry out} to provide a fractional division ratic. In some
example embodiments, the BLL may include a set of cascaded, tunable, delay
clements, a phase detector, a charge pump and a D-type flip-flop. In these

15 embodiments, the delay elements may be configured to break a VCO period up
mnto Nd equal packets of phase, where Nd is the number of delay clements in the
delay line. In this way, the DLL provides negative feedback to help ensure that
the total delay through the delay line is one VCO cycle.
{0048} In some embodiments, synthesizer circuitry 406d may be

20 configured to generate a carrier frequency as the output frequency, while in other
cmbodiments, the output frequency may be a multiple of the carrier fregueney
(e.g., twice the carrer frequency, four times the carrier frequency) and used in
conjunction with quadrature generator and divider circuitry to generate multiple
sigiials at the carner frequency with multiple different phases with respect to

25 each other. In some embodiments, the output frequency may be a LO frequency
{fLo}. In some embodiments, the RF cireuttry 406 may include an IQ/polar
converter.
[0049] FEM circuttry 408 may mchude a receive signal path which may
melude circuitry configured to operate on RF signals received from one or more

30 antennas 410, amplify the received signals and provide the amplified versions of
the recetved signals to the RF circuitry 406 for further processing. FEM cirauitry

408 may also mclude a transmit signal path which may include circuitry

6
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configared to amplify signals for transmission provided by the RF circuitry 406
for transmission by one or more of the one or more antennas 410.

10654} In some embodiments, the FEM circuitry 408 may include a
TX/RX switch to switch between transmit mode and receive mode operation.
The FEM circuitry may include a receive signal path and a transmit signal path.
The receive signal path of the FEM circuitry may include a low-noise amplifier
{(L.LNA) to amplify reccived RF signals and provide the amplified received RF
signals as an output {¢.g., to the RF circuitry 406}, The transnut signal path of
the FEM circuitry 408 may include a power amphifier (PA} to amplify mput RF
signals {e.g., provided by RF circuitry 406}, and one or more filters to generate
RF signals for subsequent transmission {¢.g., by one or more of the one or more
antennas 410, In some embodiments, the UE 400 may inclade additional
clements such as, for example, memory/storage, display, camera, sensor, and/or
mput/output (/O) interface.

{051 The antennas 230, 301, 410 may comprise one or more
directional or omunidirectional antennas, inchuding, for example, dipole antennas,
monopaole antennas, patch antcunas, loop antennas, nucrostrip antennas or other
tvpes of antennas suitable for transmission of RF signals. In some multiple-mput
multiple-cutput (MIMO) embodiments, the antennas 230, 301, 410 may be
cffectively separated to take advantage of spatial diversity and the different
channel characteristics that may result.

{66521 In some embodiments, the UE 400 and/or the eNB 300 may be a
mobile device and may be a portable wireless communication device, such as a
personal digital assistant (PDA), a laptop or portable computer with wirekess
communication capability, a web tablet, a wireless telephone, a smariphone, a
wirgless headset, a pager, an mstant messaging device, a digital camera, an
access point, a television, a wearable device such as a medical device {eg., a
heart rate monitor, a blood pressure monitor, efc.), or other device that may
receive and/or transmit mformation wirelessly. In some embodiments, the UE
400 or eNB 300 may be configured to operate in accordance with 3GPP
standards, although the scope of the embodiments is not limited in this respect.
Mobile devices or other devices in some embodiments may be configured to

operate according to other protocols or standards, including IEEE 802 11 or
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other IEEE standards. In some embodiments, the UE 400, eNB 300 or other
device may mchude one or more of a keyboard, a display, a non-volatile memory
port, multiple antennas, a graphics processor, an application processor, speakers,
and other mobile device elements. The display may be an LCD screen including
atouch screen.

[0053] Although the UE 400 and the ¢NB 300 are cach iHustrated as
having several separate functional elements, one or more of the functional
elements may be combined and may be implemented by combinations of
softwarc-configured elements, such as processing elements mcluding digital
signal processors (I38Ps), and/or other hardware elements. For example, some
clements may comprise one or more microprocessors, PSP, field-
programmable gate arrays (FPGAs}), application specific integrated circuits
{ASICs), radio-frequency integrated circuits {RFIs) and combinations of
various hardware and logic circuitry for performing at least the functions
described herein. In some embodiments, the functional elements may refer to
One Of MOTEe Processes operating on one or more processing clements.

{0054] Embodiments may be implemented in one or a combination of
hardware, firmware and sofiware. Embodiments may also be implemented as
mstructions stored on a computer-readable storage device, which may be read
and executed by at least one processor to perform the operations described
herein. A computer-readable storage device may include any non-transitory
mechanism for stormg nformation in a form readable by a machine {(e.g., a
computer). For example, a computer-readable storage device may include read-
only memaory (ROM), random-access memory (RAM), magnetic disk storage
media, optical storage media, flash-memory devices, and other storage devices
and media. Some embodiments may nclude one or more processors and may be
configured with instroctions stored on a computer-readable storage device.
[0055] It should be noted that in some embodiments, an apparatus used
by the UE 400 and/or eNB 300 and/or machine 200 may include various
components of the UE 400 and/or the eNB 300 and/or the machine 200 as shown
i FiGes, 2-4. Accordingly, techniques and operations described herein that refer

to the UE 400 {or 102} may be applicable to an apparatus for a UE. In addition,
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technigues and operations described herein that refer to the ¢NB 300 {or 104)
may be applicable to an apparatus for an eNB.

{0056} In accordance with some embodiments, the eNB 104 may
transmit a bitmap ot enhanced coverage paging channel (EC-PCH) mdicators
that indicate whether a group of EC-PCHs are allocated during a mudti-frame for
paging of one or more User Equipments (UEs}. o some embodiments, the
bumap of EC-PCH indicators may indicate whether the group of EC-PCHs are
allocated during the multi-frame for paging of one or more paging groups (which
may include one or more UEs 102}, The mualti-frame may include a control
portion and an EC-PCH portion that includes multiple time-~division multiple-
access {TDMA} frames. Different portions of the EC-PCH indicators may be
mapped to EC-PCHs that span different numbers of TDMA frames. These
embodiments are described in more detail below.

[0057] F1G. 5 illustrates a coverage cnhancement scenarnio in accordance
with some embodiments. fn some embodiments, coverage enhancement
techniques may be used to improve range, signal quality, capacity and/or other
performance metric. Although embodiments arc not fimited to loT operation,
coverage enhancement technigues may be used for {oT devices (including but
not imited to EC-GSM-IoT devices) that exchange relatively small amounts of
data at relatively mnfrequent rates. In such cases, the data rate may not be as
important as range. Coverage cnhancement may be in accordance with a group
of coverage classes (CCs). Any suttable number of CCs may be used. The CCs
may be temporary in some cases, and may be based on a level of additional
resources for performance at or above a performance threshold. Examples of
such may include an additional link margin, a number of repetitions of a
message, a diversity gain, an allocated nomber of time slots and/or other factors.
As a non-limiting example, a number of TDMA frames in which a downlink
message is repeated may be based on the CC. For instance, a higher number of
repetitions may be used for a first CC in whuch a relatively high amount of
coverage enhancement is used. A lower number of repetitions may be used fora
second CC in which a relatively low amount of coverage enhancement is used.

These embodiments are described in more detail below.
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HEERET] In some scenarios, the UE 102 operating in a cellular
communication network (such as 100) may lose connectivity to the network or
may have difficulty in receiving messages (such as paging messages and/or
other} from the network for various reasons. As an example, the UE 102 may

5 move toward an area with reduced coverage, such as the edge of a sector or cell.
As another example, the UE 102 may operate in an arca that is essentially out of
the normal coverage of the network, such as in a bascment of 3 building. As
ancther example, the UE 102 or other device may sapport EC-GSM-IoT
operation, loT operation and/or Machine Type Communication (MTC). EC-

10 GSM-IoT devices, IoT devices, devices operating in an EC-GSM-loT mode,
devices operating in an loT mode, MTC devices and/or devices operating in an
MTC mode may be expected to operate in highly challenging hnk budget
scenanos while exchanging small quantities of data at an infrequent rate.

[0039] Referring to FIG. 3, an cxample of a scenario 500 is shown, in

15 which atower eNB 104 and three UEs 310, 515, 320 {(which may be suttable for
use as a UE 102} located at various distances from the ¢eNB 104 are operating, or
attempting to operate, as part of a 3GPP or other network. It should be noted
that the eNB 104 is not limited to the tower configuration and that scenarios
described herein are not Himited to the number or distribution of eNBs 104 or

20 UEs 510, 515, 5320 as shown in FIG. 5. Embodiments are also not limited to the
number of coverage ranges shown and/or a number of CCs illustrated.

HEESH] The first UE 510 13 in communication with the eNB 104 over the
link 530, and 13 comfortably located within the coverage area 550 of the eNBE
104, The second UE 515 is located outside of the coverage area 550 in a

25 demarcated zone 560, and may be attempting to receive messages over the hink
535, Simtarly, the third UE 520 15 also located outside of the coverage area 5350
m another demarcated zone 570 that is further away fron: the eNB 104 than the
first demarcated zone 560. The third UE 520 may also be attempting to receive
messages over the ink 540.

30 [piel] The second UE 515 and third UE 520 may use “coverage
enhancement” or may operate in a “coverage enhancement mode,” as they are
out of the coverage arca 550, Additionally, while both UEs 515, 520 are outside

of the coverage area 550, the third UE 520 may have more trouble or challenges
20
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i receiving messages than would the second UE 515, as the third UE 520 is
further away from the eNB 104, Accordingly, it may be possible to formulate
different coverage classes (CCs) for UEs depending on how far out of coverage
thev are located or other factors. In some embodiments, descriptions may be
5 wvsed inthe CCs. For instance, the third UE 520 may be considered 1n a “lugh”

CC while the second UE 515 may be considered 1n a “low” CC. In some
cmbodiments, the CCs may be numerical or may represent numerical
parameters, such as a number of diversity repetitions to be used, a number of
TDMA frames of an EC-PCH and/or other. Such numerical parameters may

10 represcut additional resources that may be used for commumnication with the UEs
515, 520w order to realize a “normal operation.” As another example of
numerical categories, an addittonal amount of link budget that may be added to
the UEs 515, 520 i order to realize the normal operation may be used. The
normal operation may be characterized by any suitable criteria such as a target

15 packet error rate, acquisition time, data throughput or the like.
0062} It should be pointed out that the above discussion focuses on path
loss due to distance onlv, for purposes of illustration, but this 15 not imiting. It
15 understood that path loss, signal loss, coverage holes or the Iike may result
from effects other than distance, such as obstacles or indoor location. For

20 mstance, a device located in a basement of a butlding close to the eNB 104 may
actually be 1o need of a coverage enbancement while another device located
much further away, but outdoors, may have a stronger connection to the eNB
104 and may be in need of less or no coverage enhancement.
[3063] FIG. 6 illustrates an example of time-division multiple-access

25 (TDMA} operation in accordance with some embodiments. It should be note
that embodiments are not limited by the number, tvpe, ordering and/or
arrangement of frames, slots, multi-frames and/or other clements shown in the
example 600. A first TDMA frame 610 may include 8 TDMA slots 615, labeled
as TSO-TS57. A second TDMA frame 620 may include 8 TDMA slots 6235, also

36 labeled as TSO-TS7. The first and scoond TDMA frames 610, 620 and
additional TDMA frames are included 1n a first onulti-frame 650, A second

multi-frame 655 may also mclude the same configuration of TDMA frames 610,
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620 of the first multi-frame 6335, although embodiments are not limited as such.
Additional multi-frames may also be nchided.

[0064] In some embodiments, one of the TDMA slots (such as TS1, as
will be used i examples below} may be allocated for transmission of EC-PCHs
by the eNB 104, In addition, other TDMA slots may be used for other purposes,
such as transmssion of data to UEs 102, Embodiments are not limited to usage
of a single TDMA slot {of TSO-TS7) for the transmission of the EC-PCHs. In
some embodiments, at least some of the muhti-frames may include a control
portion and an EC-PCH portion (and perhaps other portions and/or additional
poOTHions i SOme ¢ases).

[6065] FIG. 7 llustrates the operation of a method of communication in
accordance with some embodiments. H is important to note that embodiments of
the method 700 may include additional or even fewer operations or processes in
cormparison to what 1s Ulustrated in FIG. 7. o addition, embodiments of the
method 700 are not necessarily himuted to the chronological order that is shown
i FIG. 7. In describing the method 700, reference may be made to FIGs. 1-6
and 8-14, although it 1s understood that the method 700 may be practiced with
any other suitable systems, mterfaces and components.

{0066} In addition, while the methods 700, 1400 and/or other methods
described herein may refer to eNBs 104 or UEs 102 operating in accordance
with 3GPP GSM/GPRS standarnds, embodiments of those methods are not
bimited to just those eNBs 104 or UEs 102 and may also be practiced on other
devices, such as a base transceiver system (BTS), Node-B, mobile station (M$),
Wi-Fi access point {AP) or user station (STA). In some embodiments, the eNB
104 and UE 102 of the methods 700, 1400 and/or other methods may be
arranged to operate in accordance with a GSM protocol and further in
accordance with an enhanced coverage GSM internet-of-things (EC-GSM-IoT)
protocol, although the scope of embodiments is not limited in this respect.
{067} In addition, the method 700, 1400 and/or other methods described
herein may be practiced by wireless devices configured to operate i other
suttable types of wireless communication systems, including systems configured

to operate according to various IEEE standards such as IEEE 802.11. The
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methods 700 and/or 1400 may alsc refer to an apparatus for a UE 102 and/or
eNB 104 and/or other device described above, in some embodiments.
[0068] It should also be noted that embodiments are not limited by
references herein (such as m descriptions of the methods 700 and 1400 and/or
5 other descriptions herein} to transmission, reception and/or exchanging of

clements such as frames, messages, requests, indicators, signals or other
clements. In some embodiments, such an element may be generated, cncoded or
otherwise processed by processing circuitry {such as by a bascband processor
mchuded in the processing circuitry) for transmission. The transmission may be

10 performed by a transcetver or other component, in some cases. In some
embodiments, such an element may be decoded, detected or otherwise processed
by the processing circuitry (such as by the baseband processor). The element
may be received by a transceiver or other component, in some ¢ases. In some
embodiments, the processing circuitry and the transceiver may be included in a

15 same apparatus. The scope of embodiments is not limited in this respect,
however, as the transceiver may be separate from the apparatus that comprises
the processing circuitry, in some embodiments.
[0069] In some embodiments, an EC-GSM-IoT protocol may enablc
performance gains in comparison to legacy GPRS protocols. As an

20 example, EC-GSM-IoT protocols may support a Maximum Coupling Loss
(MCL) of 164 dB. which may be 20dB larger than the legacy GPRS
solution, in some cases. In some cases, the EC-GSM-IoT protocol may
provide improvements, such as reduced device complexity, reduced encrgy
consumption, increased battery life and/or others in comparison o previous

25 solutions like legacy GPRS, legacy GSM or other.
{6674} At operation 705 of the method 700, the eNB 104 mav determine
an allocation of a group of enhanced coverage paging channels (EC-PCHs) for
transmission of paging messages to onc or more UEs 102 during a nwlti-frame.
In some embodiments, an EC-PCH mav be allocated for the multi-frame when

30 the ¢NB 104 intends to transmit one or more paging messages in the EC-PCH
during the multi-frame. In some embodiments, the EC-PCHs may be allocated
m time resources of an EC-PCH portion of the multi-frame, as will be described

below.
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{071} At operation 710, the ¢eNB 104 may transmit an enhanced
coverage paging information channel (EC-PICH) message that indicates the
allocation of the EC-PCHs. In some embodiments, the EC-PICH may be
transmitied during a control portion of the multi-frame, as will be described
below. In some embodiments, the EC-PICH may mclude a bitmap of EC-PCH
mdicators that indicate whether EC-PCHs of the group are allocated during the
multi-frame for the paging of one or more UEs 102. In some embodiments, the
bitmap of EC-PCH indicators may mdicate whether EC-PCHs of the group are
atlocated during the multi-frame for the paging of one or more paging groups
{(which may include one or more UFs 102). As an example, an EC-PCH of the
group may be shared by UEs 102 of a paging group. For instance, the UEs 102
may be mapped to the paging group based on factors such as interational
mobile subscriber identities (IMSIs) of the UEs 102, other identifiers of the UEs
102 and/or other factors. In addition, different EC-PCHs of the group may be
shared by different paging groups of Uls 102, in some embodiments,

{0072} A predeternuned mapping between EC-PCH indicators and EC-
PCHs may be used in the bitmap, in some embodiments. As a non-limiting
example, each bit position may be mapped to one of the EC-PCHas in the group.
A vahue of the bitmap at a particalar bit position may indicate whether or not a
corresponding EC-PCH {for instance, the EC-PCH mapped to that bit position}
is allocated during the multi-framae. It should also be noted that embodiments
arc not limited to usage of the HC-PICH for transmission of the bitmap of EC-
PCH mdicators. In some embodiments, the bitmap may be inchuded in another
control message, which may or may not be part of a standard. In some
embodiments, the bitmap may not necessarily be mcluded in a message.

{6673} At operation 7135, the eNB 104 may transmit one or more paging
messages to one or more UEs 102, In some embodiments, the ¢eNB 104 may
transmit onge Of MOTS paging messages to one or more paging groups {which may
melude one or more UEs 102). In some embodiments, the UEs 102 may be EC-
GS5M-loT UEs 102, enhanced coverage UHs 102 and/or UEs 102 operating m a
coverage enhancement mode, although the scope of embodiments 1s not limited
m this respect. The paging messages may be transmitted m accordance with the

aliocation of the EC-PCHs, in some embodiments. For instance, one or more
24



WO 2017/164910 PCT/US2016/042310

10

20

30

paging messages may be transmitted in the allocated EC-PCH(s) dunng the
multi-frame. In some embodiments, the paging message{s} may indicate to the
one or more UEs 102 that the ¢eNB 104 intends to mitiate communication with
the UE 102 for data commuication, voice communication and/or other
operations. In some embodiments, the paging message(s) may mndicate to one or
more paging groups that the eNB 104 intends to nitiate communication with at
least a portion of the UEs of the paging groups. Any suitable paging messages,
wdentifiers of the UEs 102 and/or identifiers of the paging groups may be used.
For instance, an intemational mobile subscriber identity (IMSI) that ideotifies a
UE 102 may be included a paging message for the UE 102, The paging message
may be allocated for a single UE 102 in some cases, although embodiments are
not limited as such. Multiple UEs 102 and/or paging group(s) of one or more
UEs 102 may be paged by a paging message, in some cases. In some
embodiments, the paging messages may be included in one or more standards,
meluding but not himuted to a 3GPP standard such as LTE, GPRS, G5M and/or
other. The scope of embodiments 1s not imited in this respect, however. In
some cmbodiments, other control messages that may be included 1n other
standards may be used. In addition, control messages that may not necessarily
be part of a standard may alsc be used, in some embodiments.

{0674} At operation 720, one or more paging messages may be
transmitted to a group of legacy UEs 102, In some embodiments, the eNB 104
may commumnicate with a first group of UHs 102 that operate in accordance with
an EC-GSM-IoT protocol and also with a second group of UEs 102 that operate
i accordance with legacy operation, normal operation, non-1oT operation and/or
non-EC-GSM-loT operation. For instance, the UEs 102 in the second group
may not necessarily be configured for IoT operation or EC-GSM-IoT operation,
i some cases. Accordingly, one or more TDBMA slots may be used for legacy
communication, in some embodiments. In addition, methods of paging for
legacy communication may also be used for the legacy Ulis 102, although the
scope of embodiments is not limited i this respect.

{0075] FiGs. 8-11 illustrate examples of enhanced coverage paging
channels (EC-PCHs) in accordance with some embodiments. FIG. 12 illustrates

an example of an enhanced coverage paging information channel (EC-PICH) in
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accordance with some embodiments. It should be noted that the examples
shown in FIGs. 8-12 may illustrate some or all of the concepts and technigues
descnbed herein in some cases, but embodiments are not limited by the
examples. For instance, embodiments are not limited by the name, number,

5 type, size, orderning, arrangement and/or other aspects of the TDMA frames,
TDMA slots, melti-frames, EC-PCHs, control portions, EC-PCH portions, fields
and other clements as shown in FiGs. 8-12. Although some of the clements
shown in the examples of FIGs. 8-12 may be included 0 a 3GPP GPRS
standard, 3GPP GSM standard, 3GPP LTE standard and/or other standard,

10 embodiments arc not limited to usage of such clements that are mcluded 1n
standards.

8676} Referring to FI(G. 8, EC-PCHs for different CCs may be
overlapped physically in time resources. Accordingly, it may be possible
that collisions between some EC-PCHs may occur in some cases. [t should

15 be noted that descriptions herein may refer to embodiments in which 4 CCs
are used, but embodiments are not limited as such. In some embodiments,
any suitable number of CCs may be used, and it is understood that
techniques and/or operations described herein mayv be extended to such
embodiments, 1 some cases.

20 (8077 As anon-limiting example, the £{g 820, 830, 840, and 850
correspond to CC1, CC2, CC3, and CC4. As described herein, different
fevels of diversity gain, coverage enhancement, additional margin and/or
other benefits may be provided to UEs 102 operating in the different CCs.
UEs 102 operating in CC1 may be provided the least gain of the group {1~

25 CC4 while UEs 102 operating in CC4 may be provided the most gain of the
group CC1-CC4.

{6678 Four multi-frames 803, 814, 816, 818 of 51 TDMA frames are
shown. Additional detail is shown for the multi-frame 805, which may be
divided into a control portion 807 of 19 TDMA frames and an EC-PCH

30 portion 309 of 32 TDMA frames. The other muolti-frames 814, 816, 8138
may be divided in a similar manner. EC-PCHs of CC1 820 may span 2
TDMA frames of the multi-frame 805, EC-PCHs ot CCZ 830 may span §
TDMA frames of the multi-frame 805, and EC-PCHs of CC3 840 may span
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16 TDBMA frames of the multi-frame 805, One of cach tvpe of EC-PCH 18
demarcated in FIG. 8, but the EC-PCHs of those types may be extended
throughout the 32 TDMA frames of the EC-PCH portion 809 of the multi-
frame 805, The other multi~frames 814, 816, 818 may also utilize the EC-
PCH allocation for CC1 820, CC2 830, and CC3 840 as described for the
multi-frame 305, Accordingly, the 32 TDMA frames of the muiti-frame
805 may include 16 EC-PCHs of CC1, 4 EC-PCHs of CCZ, and 2 EC-PCHs
of CC3. In addition, EC-PCHas of a fourth CC (CC4) may span 64 TDMA
frames comprising 16 TDMA frames in each of 4 multi-frames (805, 814,
R16, and 818). For instance, 832, 854, 856, and 858 of multi~-frames 8035,
814, 816, and 818 may be allocated as an EC-PCH of CC4 850,

{16079} In some embodiments, when the EC-PCHs span overlapping
time resources {such as TDMA frames) and UEs 102 of different CCs are
paged, the EC-PCHs mayv block cach other. For instance, one EC-PCH of
CC4 850 may span 64 TDMA frames, which may overlap with TDMA
frames of 32 EC-PCHs of CC1 820. Accordingly, a blocking probability
may be high when an EC-PCH of CC4 850 is used. As another example of
blocking, in FIG. 9, the CC1 EC-PCH channels 941, 942 may be blocked
when the CC3 {or CC4) EC-P{H 943 19 aliocated. However, the CC1 EC-
PCH 931 and the CC2 EC-PCH 932 as shown are not blocked and do not
block cach other. It may be beneficial for the eNB 104 to restrict
allocations of EC-PCHs to combinations in which the TDMA frames
spanned by the EC-PCHs are non-overlapping.

10080} Referring to the example 1000 shown in FIG. 10, the control
portion 1040 of the multi-frame 1000 may include 19 TDMA frames, in which 5
TDMA frames 1030 may be allocated for enhanced coverage synchronization
channel (EC-5CH) messages and 2 TDMA frames 1031 may be aliocated for
EC-PICH. In some embodiments, the EC-PICH may be transmitted in
accordance with a diversity repetition in multiple TDMA frames of the control
portion, such as the 2 TDMA frames {(as shown by 1031} or any suitable number
of TBMA frames.

{0081} Continuing the example 1000 shown in FIG. 10, the EC-PCH

portion 1045 may include 32 TDMA frames. In some embodiments, different
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divisions, partitions and/or allocations of the TDMA frames of the EC-PCH
portion 1045 may include EC-PCHs of different sizes that may span different
numbers of TDMA frames. In some embodiments, different divisions, partitions
and/or allocations of the TDMA frames of the multi-frame 1000 may include
EC-PCHs of different sizes that may span different numbers of TDMA frames.
{00682} In some embodiments, at least a portion of the EC-PCHs may
span multiple TDMA frames to enable diversity repetition of paging messages
within the EC-PCHs. In addition, the EC-PCHs of different CCs may span
different numbers of TDMA frames to enable different diversity gains for the
different CCs, in some embodiments. For instance, a paging message may be
repeated 1n cach TDMA frame of an EC-PCH. Accordingly, a paging message
for a CC3 EC-PCH may be repeated more times than a paging message fora
CCE EC-PCH, and therefore more diversity may be provided to the CC3 EC-
PCH in comparison to the CC1 EC-PCH. Similar differences m performance
gains between CCs may also be realized using other techmigues, in some
embodiments, such as usage of stronger error correction coding (lower coding
rate) for CC3 than for CC1L.

0083} As a non-limiting example of EC-PCHs, a first division of the
TDMA frames of the EC-PCH portion 1045 may include a first group of 16 CC1
EC-PCHs that span 2 TDMA frames cach, as indicated by 1041, A second
division of the TDMA frames of the EC-PCH portion 1045 may include a
second group of 4 CC2 EC-PCHs that span 8 TDMA frames each, as indicated
by 1042, A third division of the TBMA frames of the EC-PCH portion 1045
may include a third group of 2 CC3 EC-PCHSs (and/or {4 EC-PCHs) that span
16 TDMA frames cach, as indicated by 1043,

0084} In some embodiments, the TDMA frames spanned by the EC-
PCHs of different groups may substantially overlap. As lustrated in the
cxample of FiG. 10, the TDMA frames of the first four CC1 EC-PCHs (indexed
by 19-20, 21-22, 23-24, and 25-26) are the same, in this case, as the TDMA
frames of the first CC2 EC-PCH (indexed by 19-26). In addition, the time
resources of the first CC3 EC-PCH (TDMA frames indexed by 19-34)
substantially overlap the time resources of 8 CC1 EC-PCHs in those TDMA
frames and 2 CC2 EC-PCHs in those TDMA frames.
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JG385] In some embodiments, EC-PCHas of different sizes {number of
TDMA frames spanned) may be allocated, although the scope of embodiments is
not limited in this respect. In some embodiments, allocations of the EC-PCHs of
the first, second, and third groups may be restricted to allocations i which the
EC-PCHs are not overlapping in terms of time resources (such as TDMA frames
spanned). Referring to FIG. 11, i the scenario on the left side of FIG. 11, the
CCl EC-PCHs mdicated by 1120 and 11235 may be blocked by the CC3 EC-
PCH indicated by 1130. However, in the scenario on the right side of FIG. 11,
the EC-P{CHs indicated by 1170, 1175, 1180, and 1190 are in TDMA frames that
do not overlap. Accordingly, paging messages in those EC-PCHs would not
block cach other, m some cases.

{0086} Referring to FIG. 10, the EC-PICH 1050 may indicate which
EC-PCH(s) are scheduled and their positions. In some cases, as only two
EC-PICH bursts 1031 are included in the multi-frame 1000, the decoding
probability of the EC-PICH message may be low for exiended coverage
users in CC2, CC3 and/or CC4, although CC1 users may be able to decode
the EC-PICH message. In some embodiments, the CC1 EC-PCHs
(indicated by 1041) may be dynamically allocated while the CC2 EC-PCHs
{indicated by 1042) and the CC3/CC4 EC-PCHs (indicated by 1043} may be
allocated according to a nominal paging group determination.

[O087] Referring to FIG. 11, in the scenario on the left side of FIG.
11, a CC3/CC4 EC-PCH (labeled #20, and indicated by 1130) may be
allocated. In addition, a CC2 EC-PCH (labeled #18, and mdicated by 1135)
may be allocated. In order to page two £C1 users, the EC-PCHs labeled #1
and #6 (indicated by 1120 and 1123) may be allocated, but those EC-PCHs
may be blocked by the EC-PCH #20 of CC3/CC4 (indicated by 1130},
{BG8E] In the scenaric on the right side of FIG. 11, the EC-PICH
1165 may indicate which EC-PCH(s) are scheduled and their positions. The
CC3/CC4 channel #20 (indicated by 1170} and the CC2 channel #18
(indicated by 1175} may be allocated in accordance with a nominal paging
group determination. The CC1 channels #1 and #6 {indicated by 1130} may
be dynamically aliocated to residual EC-PCH blocks. Tn addition, as an

overload of EC-PCH #1 and EC-PCH #2 may occur, two extended EC-
29



WO 2017/164910 PCT/US2016/042310

10

20

30

PCHs (#1E and #6E, indicated by 1190} may be scheduled in the residual
EC-PCH blocks. In addition, the field “C” of the EC-PICH (which will be
explained below regarding FIG. 12) may be set to a value of (0,1,0).

{0089} Referring to FIG. 12, an example EC-PICH 1200 includes a
bitmap 1210 and a mumber of EC-PCHs 1220, As shown in 1250, the bitmap
1210 includes 272 bits in this example, of which 16 bits mav be mapped to EC-
PCHs of CC1 (spanning 2 TDMA frames cach), 4 bits may be mapped to EC-
PCHs of CC2 (spanning 8 TDMA frames cach), and 2 bits may be mapped to
EC-PCHs of CC3 or CC4 (spanning 16 TDMA frames cach).

[00940] The number of EC-PCHs 1220 includes 3 bits m this example.
Accordingly, the EC-PICH 1200 includes 25 bits m this example. Embodiments
are not linuited to these sizes for the EC-PICH 1200, bitmap 1210 or the number
of EC-PCHs 1220, as any suitable sizes may be used. In some embodiments,
other parameters or information may be mcluded 1o the EC-PICH 1200, fn
addition, some embodiments may include the bitmap 1210 but may not
necessarily include the number of EC-PCHs 1220,

{0091} A non-liniting example of the content of the EC-PICH 1s
described below and shown m 1250 of FIG. 12, The 16 bits of the bitmap
B0-B15 may indicate asage of the 16 CC1 EC-PCHs in the multi-frame.
The CC1 EC-PCHs may be dvnamically allocated in residual EC-PCH
blocks after higher CC EC-PCHs are allocated. For instance, a bit value of
0 in BO-B15 may indicate that the EC-PCH channel is not scheduled, and a
bit value of 1 may indicate that the EC-PCH is schedaled. This example
assignment of bit values of § and 1 is not himiting, as any suitable
assignment may be used. The 4 bits of the bitmap B16-B1¥% may mdicate
psage of the 4 CC2 EC-PCHs in the maolti-frame. The CC2 EC-PCHs may
be allocated in a fixed manner in accordance with 3 nominal paging group
determination, in some embodiments. As previously described for the EC-
PCHs of CCl, bit values of 0 and | may indicate whether the EC-PCHs of
CC2 are scheduled in the multi-frame. The 2 bits of the bitmap B20 and
B21 may indicate usage of the 2 £U3/4 EC-PCHs of CC3/CC4 in the multi-
frame. The CC3/CC4 EC-PCHs may be allocated 1 a fixed manner in

accordance with a nominal paging group determination, in some
30



WO 2017/164910 PCT/US2016/042310

10

20

30

embodiments. As previously described for the EC-PCHs of CC1 and CC2,
bit values of 0 and 1 may indicate whether the EC-PCHs of CC3/CC4 are
scheduled in the multi-frame.

{6692} The number of EC-PCHs 1220 (labeled as “C7 in 1250 of
FIG. 12) may indicate a number of extended CC1 EC-PCHs. Asan
exarmple, values of “C” in the range [0,6] may indicate a number of
extended CCH EC-PCHs in the multi-frame. A value of 7 for “C7” may
indicate that the UE 102 is to check all residual CC1 EC-PCHs in the multi-
frame. I should be noted that embodiments are not limited to these
example values for “C” or for the bitmap BO-B20.

{8693} In one EC-PCH group, there may be several users that are
scheduled simultaneously, in some cases, which may cause an overload for
some EC-PUHs. In addition, it may also be possible that some other EC-
PCHs are not scheduled at all. In accordance with a predetermined EC-
PICH bit mapping, an EC-GSM-{oT device may know and/or determine
which EC-PCHs are unused. This mformation may indicate how many EC-
PCHs are to be checked in the multi-frame if extended mode is detected
after EC-PCH decoding.

{8094} As a non-limiting example of scheduling, the eNB 104 may
schedule EC-PCHs of a highest CC with a highest priority, as flexability of
allocation may be lower than allocation of EC-PCHs of lower CCs duc to
the larger number of TDMA frames spanned by EC-PCHs of higher CCs.
{0095] In some embodiments, EC-GSM-IoT devices of operating in
CC1 may first decode the EC-PICH message to check whether any CCH EC-
PCHs are scheduled. If so, the CClI device may decode one or more of the
EC-PCHs indicated by the EC-PICH. Asthe CCl1 EC-PCHs may be
dynamically allocated, the EC-PCHs of CC1 of a first position (within the
sequence of EC-PCHs for CC1) mav be allocated to EC-PCHs of CC1 that
span unused (1.¢. not allocated) TDMA frames 1f the TDMA frames of the
first position are blocked. In addition, when a particalar EC-PCH is
overloaded {(such as a number of users tc be paged), the network may
offload one or more paging messages to EC-PCHs of unused TDMA frames
and may indicate this in the EC-PICH. Such a dynamic allocation of EC-
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PCHs of CC1 may increase an EC-PCH scheduling throughput, in some
£ases.

{0096} FiG. 13 illustrates the operation of another method of
communication m accordance with some embodiments. In some embodiments,
one or more of the operations shown in FIG. 13 may be used by CC1 users for
decoding of EC-PICH and EC-PCH. In some embodiments, CC2, CC3 and/or
CC4 users may use one or more operations of legacy method for decoding of
EC-PICH and EC-PCH. However, it may also be possible, in some cases, that
the CC2, CC3 and/or CT4 users to perform one or more operations shown in
FI1G . 13 for decoding of EC-PICH and EC-PCH.

06971 FIG. 14 ilustrates the operation of another method of
communication in accordance with some embodiments. As mentioned
previousiy regarding the method 700, embodiments of the method 1400 may
include additional or even foewer operations or processes in comparison to what
1s iustrated in FIG. 14 and embodiments of the method 1400 are not necessarily
limited to the chronological order that is shown in FIG. 14, In describing the
method 1400, reference may be made to FiGs. 1-13, although 1t 1s understood
that the method 1400 may be practiced with any other suitable systems,
mterfaces and components. In addition, embodiments of the method 1400 may
be applicable to UEs 102, eNBs 104, APs, STAs and/or other wirgless or mobile
devices. The method 1400 may also be applicable to an apparatus for a UE 102,
eNB 104 and/or other deviee described above.

6098} It should be noted that the method 1400 may be practiced by a UE
102 and may mclade exchanging of elements, such as frames, signals, messages
and/or other elements, with an eNB 104, Similarly, the method 700 may be
practiced at an eNB 104 and may include exchanging of such clements with a
UE 102, In some cases, operations and techuiques described as part of the
method 700 may be relevant to the method 1400. In addition, cmbodiments of
the method 700 may include operations performed at the UE 102 that are
reciprocal to or similar to other operations described herein performed at the
eNB 104, For instance, an operation of the method 1400 may include reception

of a message from the eNB 104 by the UE 102 while an operation of the method
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700 may include transmission of the same message or similar message by the
eNB 104,

{6099 In addition, previous discussion of various techniques and
concepts may be applicable to the method 700 in some cases, including paging,
paging messages, IMSE, bitmap of paging indicators, paging groups, EC-PCH,
EC-PICH, EC-8CH, diversity repetition, TDMA, TDMA frames, TDMA slots,
multi-frames, EC-GSM-loT, coverage enhancement, coverage classes (CCs)
and/or others. In addition, the examples shown in FIGs. 5-6 and §-12 may also
be applicable, in some cases, although the scope of embodiments 1s not limited
i this respect.

106194 At operation 1403, a UE 102 may receive an EC-PICH message
from an eNB 104 daring a malti-frame. At operation 1410, the UE 102 may
determine, based at least partly on the received EC-PICH message. an allocation
of EC-PCHs in the multi-frame. At operation 1415, the UE 102 may decode one
or more paging messages that are received from the eNB in accordance with the
allocation of the EC-PCHs. At operation 1420, the UE 102 may determine,
based at feast partly on onc or more decoded paging messages, whether the UE
102 15 paged by the eNB 104 duning the multi-frame. In some embodiments, the
UE 102 may determing, based at least partly on the decoded paging messages,
whether a paging group that includes the UE 102 1s paged by the eNB 104
during the multi-frame. Accordingly, the UE 102 may also determine the paging
group that includes the UE 102 in some cases. For instance, the UE 102 may be
mapped to the paging group based on factors such as an IMS! of the UE 102,
another identifier of the UEs 102 and/or other factors. It should be noted that
some embodiments may include one or more operations from the method 1400
and one or more operations of the method 1300,

{00101} In Example 1, an apparatus for an Evolved Node-B (cNB) may
comprise memory. The apparatus may further comprise processing circuitry.
The processing circuitry may be configured to encode, for transmission, a bitmap
of enhanced coverage paging channel (EC-PCH) indicators that indicate whether
a group of EC-PCHs are allocated during a multi-frame for paging of one or
more User Equipments (UEs). The multi-frame may comprise multiple time-
division multiple-access (TDMA) frames. The TDMA frames may be divided in
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accordance with a group of TDMA slots. The group of TDMA slots may
mclude an EC-PCH time slot allocated for the EC-PCHs during the multi-frame.
A first portion of the EC-PCH indicators may be mapped in accordance with a
first division of the multi~frame that includes a first portion of the EC-PCHs that
5 spana first predetermined number of the TDMA frames. A second portion of
the EC-PCH indicators may be mapped in accordance with a second division of
the multi-frame that includes a second portion of the EC-PCHs that span a
second predetermined nomber of the TDMA frames.
[0661902] In Example 2, the subject matter of Example 1, wheren the fiest

10 portion of the EC-PCHs may be allocated for paging of UEs of a first coverage
class {CC). The second portion of the EC-PCHs may be allocated for paging of
UEs of a second CC. The EC-PCHs of the first and second portions may span
different numbers of the TDMA frames to enable different diversity gains at the
UEs in accordance with a predetermined mapping between the diversity gains

15 andthe CCs.

060193} In Example 3, the sabject matter of one or any combination of
Exaroples 1-2, wherein the TDMA frames spanned by the EC-PCHs of the first
portion may substantially overlap the TDMA frames spanned by the EC-PCHs
of the second portion.

20 [00104] In Example 4, the subject matter of one or any combination of
Examples 1-3, wherein at least a portion of the EC-PCHs may span multiple
TDMA frames 1o enable diversity repetition of paging messages within the EC-
PCHs.

[601905] In Example 5, the subject matter of one or any combmation of

25 Examples 1-4, whercin the group of EC-PCHSs may further include a third
portion of the EC-PCHs that span a third predetermined number of TDMA
frames. The processing cirauitry may be further configured to allocate one or
maore EC-PCHs for the mulii-trame. At least some of the allocated EC-PCHs
may span different numbers of TDMA frames. The allocation may be restricted

30 to combmations of EC-PCHs for which TDMA frames spanned by the allocated
EC-PCHs are non-overiapping.

[06196] In Example 6, the subject matter of one or any combmnation of
Examples 1-5, wherein the EC-PCHs in the first portion may span 2 TDMA
34
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frames. The EC-PCHs in the second portion may span 8 TDMA frames. A third
portion of the EC-PCH indicators may be mapped 10 accordance with a third
division of the multi-frame that includes a third portion of the EC-PCHs that
span 16 TDMA frames of the muiti-frame.

5 {80167] In Example 7, the subject matter of one or anv combination of
Examples 1-6, wherein the first portion of the EC-PUCHs may include 16 non-
overtapping EC-PCHs 1n an EC-PCH portion of the multi-trame that spans 32
consceative TDMA frames. The second portion of the EC-PCHas may include 4
nop-overtapping EC-PCHs 1n the EC-PCH portion. The third portion of the EC-

10 PCHs may include 2 non-ovedapping EC-PCHs in the EC-PCH portion.
[06108] In Example 8, the subject matter of one or any combmnation of
Examples 1-7, wherein the EC-PCHs of the first portion may be reserved for
paging of UEs of a first coverage class (CC). The EC-PUHs of the second
portion may be reserved for paging of UEs of a second CC. The EC-PCHs of

15 the third portion may be rescrved for paging of Uls of a third CC or a fouwrth
CC. The paging of UEs of the third CC may include a transmission of a paging
message in one of the EC-PCHs of the third portion during the multi-frame. The
paging of UEs of the fourth CC may include transmussions of the paging
message in one of the EC-PCHs of the third portion during the multi-frame and

20 may further include transmissions of the paging message during of cach of three
adjacent multi-frames.

66109 In Example 9, the subject matter of one or any combimation of
Examples 1-8, wherein the bitmap may include 22 bits and may be included in
an cnhanced coverage paging information channel (EC-PICH) message that

25 mcludes 25 bits. Sixteen bits of the bitmap may be mapped to the EC-PCHs of
the first portion, 4 bits of the bitmap may be mapped to the EC-PCHs of the
second portion, and 2 bits of the bitmap may be mapped to the EC-PCHs of the
third portion. Three bits of the EC-PICH may mdicate a number of extended
EC-PCHs that are allocated i the multi-frame. Values of the bits of the bitmap

30 mav indicate whether or not corresponding EC-PCHs are allocated during the
multi-frame.

{66119 In Example 10, the subject matter of one or any combination of

Examples 1-9, wherein the multi-frame may comprise 31 TBMA frames, 19
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consceative TDMA frames of the 51 TDMA frames may be part of a control
portion, and 32 consecutive TDMA frames of the 51 TDMA frames may be part
of an EC-PCH portion for allocation of the EC-PCHs. Two TDMA frames of
the control portion may be allocated for repetition of an enhanced coverage
5 paging mformation channel (EC-PICH) message that includes the bitmap. Five
TOMA frames of the control portion may be allocated for transmission of one or
maore enhanced coverage synchronization channcel (EC-SCH) messages.
00111} In Example 11, the subject matter of one or any combination of
Examaples 1-10, wherein the processing circuitry may be further configured to,
10 when one of the EC-PCHs ofthe first portion is allocated, encode a first paging
message for repetition in the TDMA frames of one of the EC-PCHs of the first
portion for transnmussion. The processing circuitry may be further configured to,
when one of the EC-PCHs of the second portion is allocated, encode a second
paging message for repetition in the TDMA frames of one of the EC-PCHs of
15 the second portion for transmission. The paging messages may include an
mtemational mobile subscriber identity (IMSI) that identifies a UE that is to be
paged.
[86112] In Example 12, the subject matter of one or any combination of
Examples 1-11, wherein the eNB may be arranged to operate in accordance with
20 aThird Generation Partnership Project (3GPP) global system for mobile {GSM)
protocol. The eNB may be further arranged to operate in accordance with an
enhanced coverage G8M internet-of-things (EC-GSM-1oT) protocol.
60113} In Example 13, the subject matter of one or any combination of
Examaples 1-12, wherein the apparatus may further inciude a transceiver to
25 transmit the bitmap of EC-PCH indicators.
[66114] In Example 14, the subject matter of one or any combination of
Examples 1-13, wherein the processing circuitry may include a baseband
processor to encode the bitmap of EC-PCH indicators.
[B6115] In Example 135, a computer-readable storage medm may store
30 instructions for execution by one or more processors to perform operations for
communication by an Evolved Node-B (eNB). The operations may configure
the one or more processors to determine an allocation of a group of enhanced

coverage paging channels (EC-PCHs) for transmission of paging messages to
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one or more User Equipments (UEs) during a multi-frame. The operations may
further configure the one or more processors to encode, for transmission during a
control portion of the mwulti-frame, an enbanced coverage paging information
channel (EC-PICH) message that includes a bitmap of EC-PCH paging
mdicators to ndicate the allocation. An EC-PCH portion of the multi-frame may
be reserved for the EC-PCH allocation. The EC-PCH portion may melude
multiple TDMA frames. The EC-PCHs of the group may span variable numbers
of the TDMA frames. At least some of the EC-PCHs may be allocated
overlapping TDMA frames.

{00116} In Example 16, the subject matter of Example 13, wherein the
group of EC-PCHs may include multiple portions of HC-PCHs. The EC-PCHs
in different portions may span different numbers of the TDMA frames. The EC-
PCHs in different portions may be allocated for paging of UEs of different
coverage classes (CCs). The EC-PCHs in different portions may span the
different numbers of the TDMA frames to enable different diversity gains at the
UEs in accordance with a predetermined mapping between different diversity
gains and the CCs.

{86117} In Example 17, the subject matter of one or any combination of
Examples 15-16, wherem the control portion may include multiple TDMA
frames. The EC-PICH may be encoded for diversity repetition i multiple
TDMA frames of the control portion.

66118 In Example 18, an apparatus for a User Equipment (UE) may
comprise memory. The apparatus may further comprise processing circuitry.
The processing circuitry may be configured to decode an enhanced coverage
paging mformation channel (HC-PICH) message from an Evolved Node-B
{¢NB) in a control portion of a multi-frame. The processing circuitry may be
further configured to determine, based on the EC-PICH message, an allocation
of enhanced coverage paging chanuocls (EC-PCHs) during an EC-PCH portion of
the multi-frame. The EC-PICH message may nclude a bitmap of EC-PCH
mdicators mapped to a group of candidate EC-PCHa. The EC-PCH portion may
mnclude mueltiple TDMA frames. The EC-PCHs of the group may span vanable
numbers of the TDMA frames. At least some of the EC-PCHs may be allocated

i overlapping TDMA frames.

(98]
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00119} In Example 19, the subject matter of Example 18, wherein the
EC-PCH portion may include 32 TDMA frames. A first portion of the EC-PCHs
may include 16 non-overlapping EC-PCHs that cach span 2 TDMA frames. A
second portion of the EC-PCHs may include 4 non-overlapping EC-PCHs that

5 cach span 8 TDMA frames. A third portion of the EC-PCHs may include 2 non-
overlapping EC-PCHs that cach span 16 TDMA frames.
{00120 In Exaraple 20, the subject matter of one or any combination of
Examples 18-19, wherein the EC-PICH message may inclade 25 bits, 3 bits of
the EC-PICH may indicate a number of EC-PCHs allocated 1o the multi-frame,

10 the bitmap may include 22 bits, 16 bits of the bitmap may be mapped to the EC-
PCHs of the first portion, 4 bits of the bitmap may be mapped to the EC-PCHs
of the second portion, and 2 bits of the bitmap may be mapped to the EC-PCHg
of the third portion. Values of the bits of the bitmap may indicate whether or not
corresponding HC-PCHs are allocated during the multi-frame.

15 [0e121] In Example 21, the subject matier of one or any combination of
Examples 18-20, wherein the TDMA frames of the EC-PCH portion of the
multi-frame may be divided in accordance with a group of TDMA slots. The
group of TDMA slots may include an EC-PCH time slot allocated for the EC-
PCHs during the multi-frame.

20 [06122] In Examaple 22, the subject matter of one or any combination of
Examples 18-21, wherein the group of EC-PCHs may include multiple portions
of EC-PCHs. The EC-PCHs in different portions may span different numbers of
the TDMA frames. The EC-PCHs in different portions may be allocated for
paging of UEs of different coverage classes ({(s}. The processing circuitry may

25 be further configured to determine, based on one or more decoded EC-PCH
messages recetved in EC-PCHs allocated to a CC in which the UE operates,
whether the UE is paged by the eNB.

{00123 In Exaraple 23, the subject matter of one or any combination of
Examples 18-22, wherem the UE mayv be arranged to operate 1n accordance with

30 aThird Generation Partnership Project (3GPP) global system for mobile (GSM)

protocol. The UE may be further arranged to operate in accordance with an

enhanced coverage GSM internet-of-things (EC-GSM-IoT) protocol.

(98]
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00124} In Example 24, the subject matter of one or any combination of
Examaples 18-23, wherein the apparatus may further include a transceiver to
receive the EC-PICH message.

[86125] In Example 25, the subject matter of one or any combination of
Examples 18-24, wherein the processing circuitry may include a baseband
processor to decode the EC-PICH message and to determing the allocation of
EC-PCHs.

00126} In Example 26, an apparatas for an Evolved Node-B (eNB) may
comprise means for determining an allocation of a group of enhanced coverage
paging channels (EC-PCHs) for transmission of paging messages 1o onge or more
User Equipments {UEs) during a multi-trame. The apparatus may further
comprise means for encoding, for transmission during a control portion of the
multi-frame, an enhanced coverage paging information channel (EC-PICH)
message that includes a bitmap of EC-PCH paging indicators to indicate the
allocation. An EC-PCH portion of the multi-frame may be reserved for the EC-
PCH allocation. The EC-PCH portion may inchide multiple TDMA frames.
The EC-PCHs of the group may span vanable numbers of the TDMA frames.
At least some of the EC-PCHs may be allocated in overlapping TDMA frames.
[86127] In Example 27, the subject matter of Example 26, wherein the
group of EC-PCHs may include multiple portions of EC-PCHs. The EC-PCHs
n different portions may span different numbers of the TDMA frames. The EC-
PCHs in different portions may be allocated for paging of UEs of different
coverage classes {CCs). The EC-PCHs m different portions may span the
different numbers of the TDMA frames to enable different diversity gains at the
UEs 1n accordance with a predetermined mapping between different diversity
gains and the CCs.

{06128] In Exarople 28, the subject matter of one or any combination of
Examples 26-27, wherem the control portion may include multiple TDMA
frames. The EC-PICH may be encoded for diversity repetition in multiple
TDMA frames of the control portion.

[060129] The Abstract is provided to comply with 37 C F R Section
1.72(b) requiring an abstract that will allow the reader to ascertain the natare and

gist of the technical disclosure. It 15 submitted with the understanding that 1t will
39
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not be vsed to lumit or interpret the scope or meaning of the claims. The
following claims are hereby incorporated into the detatled descnption, with each

claim standing on 1S own as a separate cmbodiment.
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CLAIMS

What is claimed 1s:

1. An apparatus for an Evolved Node-B (eNB}), the apparatus comprising:
memory; and processing circuttry, configured to

encode, for transmission, a bitmap of enhanced coverage paging channel
(EC-PCH) indicators that indicate whether a group of EC-PCHs are allocated
during a multi-frame for paging of one or more User Equipments (UEs),

wherein the multi-frame comprises multiple ime-division multiple-
access {TDMA) frames, the TDMA frames are divided in accordance with a
group of TDMA slots, and the group of TDMA slots includes an EC-PCH time
slot allocated for the EC-PCHs during the multi-frame,

wherein a first portion of the EC-PCH indicators are mapped in
accordance with a first division of the mudti-frame that inchudes a first portion of
the EC-PCHs that span a first predetermined number of the TDMA frames, and

wherein a second portion of the EC-PCH indicators arc mapped in
accordance with a sceond division of the multi-frame that includes a second
portion of the EC-PCHs that span a second predetermined number of the TDMA

frames.

2. The apparatus according to claim 1, wherein:

the first portion of the EC-PCHs are allocated for paging of UEs of a first
coverage class (CC),

the second portion of the EC-PCHs are allocated for paging of UEs of a
second CC, and

the EC-PCHs of the first and second portions span different numbers of
the TDMA frames to enable different diversity gains at the UEs 1 accordance

with a predetermined mapping between the diversity gains and the CCs.
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3. The apparatus according to claims 1 or 2, wherein the TDMA frames
spanaed by the EC-PCHs of the first portion substantially overlap the TDMA

frames spanned by the EC-PCHs of the second portion.

5 4. The apparatus according to claim 1, wherein at least a portion of the
EC-PCHs span muldtiple TDMA frames to enable diversity repetition of paging

messages within the EC-PCHs.

5. The apparatus according to claim 1, wherein:
16 the group of EC-PCHs further includes a third portion of the EC-PCHs
that span a thud predetermined number of TDMA frames,
the processing circuitry is further configured to allocate one or more EC-
PCHs for the multi-frame,
at least some of the allocated EC-PCHs span different numbers of TDMA
15 frames, and
the allocation is restricted to combinations of HC-PCHs for which

TDMA frames spanned by the allocated EC-PCHs are non-overlapping.

6. The apparatus according to claim 1, wherein:
20 the EC-PCHs in the first portion span 2 TBMA frames,
the EC-PCHs in the second portion span 8 TDMA frames, and
a third portion of the EC-PCH indicators are mapped in accordance with
a third division of the multi-frame that includes a third portion of the EC-PCHs

that span 16 TDMA frames of the multi-frame.

25
7. The apparatus according to claim 6, wherein:
the first portion of the EC-PCHs includes 16 non-overlapping EC-PCHs
mn an EC-PCH portion of the multi-frame that spans 32 consccutive TRMA
frames,
30 the second portion of the EC-PCHSs meludes 4 non-overlapping EC-

PCHs in the EC-PCH portion, and
the third portion of the EC-PCHSs mcludes 2 non-overlapping EC-PCHs
in the EC-PCH portion.
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8. The apparatus according to claim 7, wherein:

the EC-PCHs of the first portion are teserved for paging of UEs of a first
coverage class (CC),

5 the EC-PCHs of the second portion are reserved for paging of UEs of a

second CC,

the EC-PCHs of the third portion are reserved for paging of UEs of a
third CC or a fourth CC,

the paging of UEs of the third CC includes a transmission of a paging

10 message in one of the EC-PCHs of the third portion during the mwlti-frame, and

the paging of UEs of the fourth CC includes transmissions of the paging
message in one of the EC-PCHs of the third portion during the multi-frame and
further inchudes transmissions of the paging message during of each of three

adjacent multi-frames.

9. The apparatus according to any of claims 4-8, wherein:

the bitmap mcludes 22 bits and is mcluded o an enhanced coverage
paging mformation channel {(EC-PICH) message that includes 25 bits,

16 bits of the bitmap are mapped to the EC-PCHs of the first portion, 4

20 bits of the bitmap are mapped to the EC-PCHs of the second portion, and 2 bits

of the bitmap are mapped to the EC-PCHs of the third portion,

3 bits of the EC-PICH indicate a number of extended EC-PCHs that arc
allocated e the multi-frame, and

vahies of the bits of the bitmap indicate whether or not corresponding

25 EC-PCHs are allocated during the multi-frame.

10. The apparatus according to claim 1, wherein:
the multi-frame comprises 31 TDMA frames,
19 consecutive TDMA frames of the 31 TDMA frames are part of a
3¢ control portion,
32 consecutive TDMA frames of the 51 TDMA frames are part of an EC-
PCH portion for allocation of the EC-PCHs,
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two TDMA frames of the control portion are allocated for repetition of
an cnhanced coverage paging information channel (EC-PICH) message that
mcludes the bitmap, and

five TDMA frames of the control portion are allocated for transmission
of onc or more enhanced coverage synchronization channel (HC-SCHj)

messages.

11. The apparatus according to claim 1, the processing circuitry further
configured to:

when one of the EC-PCHs of the first portion is allocated, encode a first
paging message for repetition in the TDMA frames of ong of the EC-PCHs of
the first portion for transmission; and

when one of the EC-PCHs of the second portion is allocated, encode a
second paging message for repetition in the TDMA frames of one of the EC-
PCHs of the second portion for transmission,

wheretn the paging messages mnclude an international mobile subscriber

wdentity (IMS1) that identifies a UE that is to be paged.

12. The apparatus according to clamm 1, wherem:

the eNB is arranged to operate in accordance with a Third Generation
Partnership Project (3GPP) global system for mobile (G5M) protocol, and

the ¢NB is further arranged to operate in accordance with an enbanced

coverage G5M internet-of-things (EC-GSM-1oT) protocol.

13. The apparatus according to claim I, wheremn the apparatus further

meludes a transceiver to transmit the bitmap of EC-PCH indicators.

14. The apparatus according o any of clatns 10-13, whercin the
processing circuitry includes a baseband processor to encode the bitmap of EC-

PCH mdicators.

15, A computer-readable storage medium that stores instructions for

execution by one or more processors to perform operations for communication
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by an Evolved Node-B (eNB}, the operations o configure the one or more
processors to:
determine an allocation of a group of enhanced coverage paging channels
{(EC-PCHs) for transmission of paging messages to one or more User
5 Equipments (UEs) during a multi-frame; and
encode, for transmission during a control portion of the multi-frame, an
enhanced coverage paging mformation channel (EC-PICH) message that
mclades a bitmap of EC-PCH paging indicators to indicate the allocation,
wherein an EC-PCH portion of the multi-frame is reserved for the EC-
160 PCH aliocation, the EC-PCUH portion inchudes multiple TDMA frames, and the
EC-PCHs of the group span varnable numbers of the TDMA frames, and
wherein at least some of the EC-PCHs are allocated in overlapping

TDMA frames.

i3 16. The compuier-readable storage medium according to claim 15,
wherein:
the group of EC-PCHs mchides multiple portions of EC-PCHs,
the EC-PCHs n different portions span different numbers of the TDMA
frames,
20 the EC-PCHg in different portions are allocated for paging of UEs of
different coverage classes (CCs), and
the EC-PCHs in different portions span the different numbers of the
TDMA frames to enable different diversity gains at the UEs in accordance with a

predetermined mapping between different diversity gains and the CCs.

17. The computer-readable storage medium according to claim 15,
wherein:

the control portion includes multiple TDMA frames, and

the EC-PICH 15 encoded for diversity repetition in multiple TDMA

30 frames of the control portion.

18, An apparatus for a User Equipment (UE), the apparatus comprising:

memory; and processing circuitry, configured to:
45
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decode an enhanced coverage paging information channel (EC-PICH)
message from an Evolved Node-B (eNB) in a control portion of a multi-frame;

determinge, based on the EC-PICH message, an allocation of enhanced
coverage paging channels (EC-PCHs) during an EC-PCH portion of the multi-

5 frame,

wherein the EC-PICH message includes a bitmap of EC-PCH indicators
mapped to a group of candidate EC-PCHs, and

wherein the EC-PCH portion mclodes multiple TBMA frames, the EC-
PCHs of the group span variable numbers of the TDMA frames, and at least

10 some of the EC-PCHs arc allocated in overlapping TDMA frames.

19. The apparatus according to claim 18, wherein:

the EC-PCH portion includes 32 TDMA frames,

a first portion of the EC-PCHs includes 16 non-overlapping EC-PCHs

I5  that each span 2 TDMA frames,

a second portion of the EC-PCHs includes 4 non-overlapping EC-PCHs
that cach span 8 TDMA frames, and

a third portion of the EC-PCHs includes 2 non-overlapping EC-PCHs
that cach span 16 TDMA frames.

AL
20. The apparatus according to claim 19, wherein:
the EC-PICH message mcludes 25 bits,
3 bits of the EC-PICH indicate a nember of EC-PCHs allocated m the
multi-frame.
25 the bitmap mcludes 22 bits,

16 bits of the bitmap are mapped to the EC-PCHs of the first portion, 4
bits of the bitmap are mapped to the EC-PCHs of the second portion, and 2 bits
of the bitmap are mapped to the EC-PCHs of the third portion, and

values of the bits of the bitmap indicate whether or not corresponding

30 EC-PCHs are allocated during the multi-frame.

21. The apparatus according to claim 18, wherein:
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the TDMA frames of the EC-PCH portion of the multi-frame are divided
i accordance with a group of TDMA slots, and
the group of TDMA slots includes an EC-PCH tume slot allocated for the

EC-PCHs during the multi-frame.

22. The apparatus according {o claim 13, wherein:

the group of EC-PCHs mcludes multiple portions of EC-PCHs,

the EC-PCHs in different portions span different numbers of the TDMA
frames,

16 the EC-PCHs in different portions are allocated for paging of UEs of

different coverage classes (CCs), and

the processing circuitry 18 further configured to determing, based on one
or more decoded EC-PUH messages received in EC-PCHs allocated toa CC n

which the UE operates, whether the UE is paged by the cNB.

23, The apparatus according to claim 18, wherein:

the UE is arranged to operate in accordance with a Third Generation
Partnership Project (3GPP) global system for mobile (GSM) protocol, and

the UE 1s further arranged to operate in accordance with an enhanced

20 coverage GSM internet-of-things (EC-GSM-1oT} protocol.

24, The apparatus according to claim 18, wherein the apparatus further

mcludes a transcetver to receive the EC-PICH message.
25 235. The apparatus accordimg to claim 18, wherein the processing circuitry

mehides a baseband processor to decode the EC-PICH message and to determine

the aliocation of EC-PCHs.
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