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EVOLVED NGDE-B, USER EQUIPMENT, AND METHODS FOR PAGING
USING A BITMAP OF PAGING INDICATORS

HEED Y This application claims the benefit of prionity to U.S. Patent
Application Senial No. 14/834,963, filed August 25, 2015, which is imncorporated

10 herein by reference in is entirety.

TECHNICAL FIELD

[0002] Embodiments pertain to wircless communications. Some

15 embodiments relate to cellular communication networks mcluding 3GPP (Third
Gengeration Partnership Project) networks, 3GPP LTE (Long Term Evolution)
networks, and 3GPP LTE-A (LTE Advanced) networks, although the scope of
the embodiments 18 not limited in this respect. Some embodiments relate to
paging of mobile devices. Some embodiments relate to Machine Type

20 Communication {MTC) operation. Some embodiments relate to Internet of

Things (IoT}) operation.

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 Machine Type Communication
{(MTC) or Internet of Things (IoT) protocols or techniques. As the number of
30 such MTC or [oT devices may be large, i some cases, the exchanging of data
and control information between the base station and the mobile devices may be
challenging. Accordingly, there is a general need for methods and systems of

exchanging data and control information in these and other scenarios.

1



WO 2017/034697 PCT/US2016/042140

BRIEF DESCRIPTION OF THE DRAWINGS

5 {0004} FI1G. 1 is a functional diagram of a 3GPP network in accordance
with some embodiments;
[0005] F1G. 7 1s a functional diagram of a User Equipment (UE) in
accordance with some embodiments;
{03006] FIG. 3 is a functional diagram of an Evolved Node-B {(eNB) in
10 accordance with some embodiments;
186671 FIG. 4 llustrates the operation of a method of paging
accordance with some embodiments;
{0008} FIG. 5 illustrates an example of g paging message in accordance
with sonic embodiments;
15 [6009] FIG. 6 illustrates the operation of another method of paging in
accordance with some embodiments;
[0019] FIG. 7 illustrates the operation of another method of paging in
accordance with some embodiments;
{6011} FIG. 8 lustrates the operation of another method of paging in
20 accordance with some embodiments; and
{0012} F1G. 9 illustrates the operation of another method of paging in

accordance with some embodiments.

DETAILED DESCRIPTION

0613} The following description and the drawings sufficiently illustrate
specific embodiments to enable those skilled in the art to practice them. Other
cmbodiments may incorporate stractural, logical, clectrical, process, and other
changes. Portions and features of some embodiments may be included m, or

30 substituted for, those of other embodiments. Embodiments set forth in the claims
encompass all available equivalents of those claims.
{0614} FIG. 118 a functional diagram of a 3GPP network in accordance

with some embodiments. The network comprises a radic access network (RAN)

o]
L
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{e.g., as gaepicted, the B-UTRAN or evolved universal terrestrial radio access
network) 100 and the core network 120 {e g., shown as an evolved packet core
(EPCY) coupled together through an S1 interface 115, For convenience and
brevity sake, only a portion of the core network 120, as well as the RAN 100, 1s
shown.

{0615} The core network 120 inchudes a mobility management entity
(MME} 122, a serving gateway {scrving GW) 124, and packet data network
gateway (PDN GW) 126, The RAN 100 mcludes Evolved Node-B's (eNBs) 104
{which may operate as base stations) for communicating with User Equipment
{UE) 102, The cNBs 104 may include macro eNBs and low power {LP) ¢NBs.
In accordance with some embodiments, the eNB 104 may transmit a paging
message that may mclude paging identifiers and/or a bitmap of paging indicators
to indicate an intention of the eNB 104 to send downlink data to one or more
Ugs 102, The eNB 104 may also transmit downlink data to the UEs 102, These
embodiments are described in more detail below.

6016} The MME 122 is similar in function to the control plane of legacy
Serving GPRS Support Nodes (SGSN). The MME 1227 manages mobility
aspects in access such as gateway selection and tracking arca hist management.
The serving GW 124 terminates the interface toward the RAN 100, and routes
data packets between the RAN 100 and the core network 120, In addition, it may
be a local mobility anchor point for inter-eNB handovers and also may provide
an anchor for nter-3GPP mobility. Gther responsibilitics may include lawtul
mtercept, charging, and some policy enforcement. The serving GW 124 and the
MME 122 may be implemented in one physical node or separate physical nodes.
The PDN GW 126 ternunates an SOt mierface toward the packet data network
(PDN). The PIIN QW 126 routes data packets between the EPC 120 and the
external PDN, and may be a key node for policy enforcement and charging data
collection. it may also provide an anchor point for mobility with non-LTE
accesses. The external PDN can be any kind of TP network, as well as an 1P
Mudtimedia Subsystem (IMS)} domain. The PDN GW 126 and the serving GW
124 mav be impiemented in one physical node or separated physical nodes.
06171 The eNBs 104 (macro and micro) terminate the air interface

protocol and may be the first point of contact for a UE 102, In some

3
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empodiments, an eNB 104 may fulfill various logical functions for the RAN 100
mchuding but not himited to RNC {radio network controlier functions) such as
radio bearcr management, uplink and downlink dynamic radio resource
management and data packet scheduling, and mobility management. In
5 accordance with embodiments, UEs 102 may be configured to communicate

Orthogonal Frequency Division Multiplexing (OFDM) communication signals
with an eNB 104 over a multicarrier commumnication channel 1 accordance with
an Orthogonal Frequency Dhivision Mudtiple Access (OFDMA) communication
techaigue. The OFDM signals may comprise a plurality of orthogonal

160 subcarriers.
{06618} The S1 mnterface 115 1s the imnterface that separates the RAN 100
and the EPC 120, It is split nto two parts: the §1-U, which carries traffic data
between the eNBs 104 and the serving GW 124, and the S1-MME, whichisa
signaling interface between the eNBs 104 and the MME 122, The X2 interface is

15 the interface between eNBs 104, The X2 mterface comprises two parts, the X2-C
and X2-U. The X2-C is the control plane interface between the ¢NBs 104, while
the X2-UJ is the user plane interface between the eNBs 104,
0019} With cellular networks, LP cells are typically used to extend
coverage to indoor areas where outdoor signals do not reach well, or to add

20 network capacity in areas with very dense phone usage, such ag train stations. As
used herein, the term low power (LP) eNB refers o any suitable relatively low
power eNB for implementing a narrower cell (narrower than a macro cell) such
as a femtocell, a picocell, or a micro cell. Femtocell eNBs arce typically provided
by a mobile network operator to its residential or enterprise customers, A

25 femtocel] 1s typically the size of a residential gateway or smaller and generally
connects to the user's broadband line. Ounce plugged in, the femtocell connects to
the mobile operator's mobile network and provides extra coverage in a range of
typically 30 to 50 meters for residential femtocells. Thus, a LP eNB might be a
femtocell eNB since 1t is coupled through the PDN GW 126, Similarly, a

30 picocell is a wireless commumnication system typically covering a small area,
such as in-building (offices, shopping malls, traio stations, ¢ic.}, or more recently
m-aircraft. A picocell eNB can generally connect through the X2 hink to another

¢NB such as a macro eNB through its base station controller (BSC)
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functionaiity. has, LF cNB may be implemented with a picocell eNB since it is
coupled to a macro eNB via an X2 mterface. Picocell eNBs or other LP eNBs
may incorporate some or all functionality of a macro eNB. In some cases, this
may be referred to as an access point base station or enterprise femtocell.

06261 In some embodiments, a downlink resource grid may be used for
downlink transmissions from an eNB 104 to a UE 102, while uplink
transmission from the UE 102 to the eNB 104 may utilize stmilar technigues.
The gnd may be a time-frequency gnd, called a resource grid or time-frequency
resource grid, which is the physical resource in the downlink in each slot. Such a
ume-frequency plane representation is a common practice for OFDM systems,
which makes it mtuitive for radio resource allocation. Each column and each row
of the resource grid correspond to one OFDM symbol and one OFDM
subcarrier, respectively. The duration of the resource grid i the time domain
corresponds to one slot in a radio frame. The smallest time-frequency unitin a
resource gnd is denoted as a resource element (RE). Each resource grid
comprises a number of resource blocks (RBs), which describe the mapping of
certain physical channels to resource clements. Each resource block comprises a
collection of resource elements and in the frequency domain and may represent
the smallest guanta of resources that currently can be allocated. There are several
different physical downlink channels that are conveved using such resource
blocks.

{0021} The physical downlink shared channel (PDSCH) carnies user data
and higher-layer signaling to a UE 102 (FIG. 1). The physical downlink control
channel (PDCCH) carries information about the transport format and resource
atlocations related to the PDSCH channel, among other things. It also mforms
the UE 102 about the transport format, resource allocation, and HARQ
mformation related to the uplink shared channel. Typically, downlink scheduling
{assigning control and shared channel resource blocks to UEs 102 within a cell)
is performed at the eNB 104 based on channel quality information fed back from
the UEs 102 to the eNB 104, and then the downhink resource assignment
mformation is sent to a UE 102 on the control channel (PDCCH) used for

{assigned to) the UE 102

(o]
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joBLLy tne pCCH uses CCEs (control channel elements) to convey the
control information. Before being mapped to resource elements, the PBCCH
complex-valucd symbols are first organized into quadruplets, which are then

permuted using a sub-block inter-leaver for rate matching. Each PDCCH 15

(4

transmitted using ong or more of these control channel elements (CCEs), where
cach CCE corresponds to nine sets of four physical resource elements known as
resource element groups (REGs). Four QPSK symbols are mapped to cach REG.
The PDCCH can be transmitted using one or more CCEs, depending on the size
of BCH and the channel condition. There mav be four or more different PDCCH
10 formats defined in LTE with different numbers of CCHs (e.g., aggregation level,
L=1,2,4, 0r 8}
{0623} As ased herein, the term "circuitry” may refer to, be part of, or
mchide an Application Specific Integrated Circuit {(ASIC), an clectronic circunt,
a processor {shared, dedicated, or group), and/or memory (shared, dedicated, or
I35 group) that execute one or more software or firmware programs, a combinational
logic circutt, and/or other suitable hardware components that provide the
described functionality. In some embodiments, the circuitry may be implemented
i, or functions associated with the circuitry may be implemented by, one or
more software or firmware modules. In some embodiments, circuitry may
20 mehade logic, at least partially operable in hardware. Embodiments described
herein may be implemented into a system using anv suitably configured
hardware and/or software,
j3824] FIG. 2 15 a functional diagram of a User Equipment {UE) in
accordance with some embodiments. The UE 200 may be switable forusc as a
25 UE 102 as depicted in FI1G. 1. In some embodiments, the UE 200 may include
application circuitry 202, baseband circuitry 204, Radic Frequency (RF}
circuttry 206, front-end module (FEM) circuitry 208 and one or more antennas
219, coupled together at least as shown. o some embodiments, other circuitry
or arrangements may include one or more elements and/or components of the
30 application circuitry 202, the baseband circuitry 204, the RF circuitry 206 and/or
the FEM circuitry 208, and may also include other elements and/or components
m some cases. As an example, “processing circuitry” may melade one or more

clements and/or components, some or all of which may be included in the

6
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applicatton cirouttry U2 and/or the baseband circuitry 204, As another example,
“transceiver circuitry” may include one or more elements and/or components,
some ot all of which may be mchuded in the RF civcuitry 206 and/or the FEM
circuitry 208, These examples are not hnuting, however, as the processing
5 crcawtry and/or the transceiver circuitry may also include other elements and/or

components in SOme ¢ases.
[0025] The application circuitry 202 may include one or more
application processors. For example, the application circuitry 202 may include
circuitry such as, but not Hmited to, one or more single-core or multi-core

10 processors. The processor(s) may include any combination of gencral-purpose
processors and dedicated processors (¢.g., graphics processors, application
processors, etc.). The processors may be coupled with and/or may inclhade
memory/storage and may be configured to execute instructions stored in the
memory/storage to enable various applications and/or operating systems to run

15 on the system.
06026} The baseband circuitry 204 may mclude circuitry such as, but not
limited to, one or more single-core or multi-core processors. The bascband
circuttry 204 may include one or more baseband processors and/or control logic
to process baschand signals recetved from a receive signal path of the RF

20 cirauitry 206 and to generate bascband signals for 3 transmit sigoal path of the
RF circuitry 206. Bascband processing circuity 204 may interface with the
application civcuitry 202 for generation and processing of the baseband signals
and for controlling operations of the RF cirawitry 206. For example, in some
embodiments, the baseband circuitry 204 may include a second generation (2G)

25 baseband processor 204a, third generation (3G) bascband processor 204b, fourth
generation (443} baseband processor 204¢, and/or other basgband processor(s)
2044 for other existing generations, generations in development or to be
developed in the future {c.g., fifth generation (5G), 6G, etc.). The bascband
circuitry 204 {e.g., one or more of baseband processors 204a-d) may handle

30 various radio control functions that enable communication with one or more
radio networks via the RF cirenitry 206, The radic control functions may
melude, but are not limited to, signal modulation/demodulation,

encoding/decoding, radio frequency shifting, etc. In some embodiments,

o
/
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moduiaton/demoduianion circuitry of the baseband cirawtry 204 may include
Fast-Fourier Transform (FFT), precoding, and/or constellation
mapping/demapping functionality. In some embodiments, encoding/decoding
cireuttry of the baseband circuitry 204 may include convolution, tail-biting
5 convolution, turbo, Viterbi, and/or Low Density Parity Check (LDPC)

encoder/decoder functionality. Embodiments of modulation/demodulation and
encoder/decoder functionality are not imited to these examples and may include
other suitable functionality in other embodiments.
[6027) In some embodiments, the baseband circuitry 204 may include

10 elements of a protocol stack such as, for example, clements of an evolved
universal terresinal radio access network (EUTRAN) protocol including, for
example, physical (PHY), media access control (MAC), radio link control
{RLC), packet data convergence protocol (PDUP), and/or radio resource condrol
{RRC) clements. A central processing unit {CPU) 204¢ of the bascband circuitry

15 204 mayv be configured to run elements of the protocol stack for signaling of the
PHY, MAC, RLC, PDCP and/or RRC lavers. In some embodiments, the
baseband circuitry may include one or more audio digital signal processor{s)
{IDSP) 2041 The audio DSP(s) 204f may be mclude elements for
compression/decompression and echo cancellation and may mchide other

20 suitable processing elements in other embodiments. Components of the
bascband circuitry may be suitably combined in a single chip, a single chipset, or
disposed on a same circuit board 1n some embodiments. In some embodiments,
some or all of the constituent components of the baschand circuitry 204 and the
application circuitry 202 may be implemented together such as, for example. on

25 asvystem on a chip (SOC).
{00628} In some embodiments, the baseband circuitry 204 may provide
for communication compatible with one or more radio technologies. For
example, in some embodiments, the bascband circuitry 204 may support
cornmunication with an cvolved universal terrestnal radio access network

30 (EUTRAN) and/or other wireless metropolitan area networks (WMAN), a
wireless local arga network (WLAN), a wirgless personal area network {(WPAN},

Embodiments in which the baseband circuitry 204 1s configured to support radio
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commumcanons of more than one wirgless protocol may be referred to as multi-
mode baseband circuitry.
{0029} REF cireuttry 206 may cnable communication with wireless

networks using modulated electromagnetic radiation through a non-solid

(4

medium. In various embodiments, the RE circuitry 206 may include switches,
filtere, amphifiers, etc. to facilitate the communication with the wircless network.
RF circuitry 206 may nclude a receive signal path which may include circuitry
to down-convert RF signals received from the FEM circuitry 208 and provide
baseband signals to the baseband circuitry 204, R¥ circwntry 206 may also
10 mclude a transmit signal path which may include circuitry to up-convert
baseband signals provided by the baseband circuitry 204 and provide RF output
signals to the FEM circuitry 208 for transmission.
{0630 In some embodiments, the RF circoitry 206 may include a receive
signal path and a transmit sigoal path. The receive signal path of the RF circuitry
15 206 may include mixer circnitry 206a, amplifier circuitry 206b and filter
circuitry 206¢. The transmit signal path of the RF circuitry 206 may include
filter circuitry 206¢ and nuxer circuitry 206a. RF circuitry 206 may also include
synthesizer circuitry 206d for synthesizing a frequency for use by the mixer
circuitry 206a of the receive signal path and the transmit signal path. In some
20 embodiments, the mixer circuitry 2063 of the receive signal path may be
configured to down-convert RF signals received from the FEM circuitry 208
based on the synthesized frequency provided by synthesizer circuitry 206d. The
amplifier circuitry 206b may be configured to amplify the down-converted
signals and the filter circuitry 206¢ may be a low-pass filier {LPF} or band-pass
25 filter (BPF) configured to remove unwanted signals from the down-converted
signals to generate output baseband signals. Gutput baseband signals may be
provided to the baseband circuitry 204 for further processing. In some
embodiments, the output baseband signals may be zero-frequency baschand
signals, although this is not a requirement. In some embodiments, mixer circuifry
30 206a of the receive signal path may comprise passive mixers, although the scope
of the embodiments is not limited in this respect. fn some embodiments, the
mixer circuitry 206a of the transmit signal path may be configured to up-convert

mput bascband signals based on the synthesized frequency provided by the

9
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synthesizer circuiiry 206d to generate RE output signals for the FEM circuitry
208, The baschand signals may be provided by the baseband circuitry 204 and
may be filtcred by filter circuitry 206¢. The filter circuitry 206¢ may include a

low-pass filier (LPF), although the scope of the embodiments is not himited n

()]

this respect.
{0631} In some embodiments, the mixer circuitry 206a of the receive
signal path and the mixer cirenitry 206a of the transmit signal path may include
two or more mixers and may be arranged for guadrature downconversion and/or
upconversion respectively. In some embodiments, the mixer circuitry 206a of the
10 recetve signal path and the nwixer circuitry 206a of the transmit signal path may
melude two or more mixers and may be arranged for image rejection {¢.g.,
Hartley image rejection}. In some embodiments, the mixer cirouiiry 206a of the
receive signal path and the mixer circuttry 2062 may be arranged for direct
downconversion and/or direct upconversion, respectively. In some embodiments,
I5  the mixer circuitry 206a of the receive signal path and the muxer circuitry 206a
of the transmit signal path may be configured for super-heterodyne operation.
[0032] In some embodiments, the output bascband signals and the mput
baseband signals may be analog baseband signals, although the scope of the
embodiments is not limited in this respect. In some alternate embodiments, the
20 output baseband signals and the input baseband signals may be digital bascband
signals. In these alternate embodiments, the RF circuitry 206 may include
analog-to-digital converter (ADC) and digital-to-analog converter (DAC)
circuitry and the baseband cirawtry 204 may include a digital baschand interface
to communicate with the RF circuitry 206, In some dual-mode embodiments, a
25 separate radio IC civcuitry may be provided for processing signals for gach
spectnim, although the scope of the embodiments is not himited in this reapect.
{0633} In some embodiments, the synthesizer circuiiry 206d may be a
fractional-N synthesizer or a fractional N/N-+1 svnthesizer, although the scope of
the embodiments 1s not limited in this respect as other types of frequency
30 synthesizers may be suitable. For example, synthesizer circuitry 206d may be a
delta-sigma synthesizer, a frequency multiplicr, or a synthesizer comprising a
phase-tocked loop with a frequency divider. The synthesizer circuitry 206d may

be configured to synthesize an cutput frequency for use by the mixer circuitry

10
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2003 of the K cirawtry 206 based on a frequency inpat and a divider control
mput. fo some embodiments, the synthesizer circuitry 206d may be a fractional
MN/N+T synthesizer. In some embodiments, frequency input may be provided by
a voltage controlled oscillator {(VCO), although that 15 not a regquirement. Divider
control input may be provided by either the baseband circuitry 204 or the
applications processor 202 depending on the desired output frequency. In some
embodiments, a divider control input {¢.g., N} may be determined from a look-
up table based on a channel indicated by the applications processor 202,

[3034] Svathesizer circuitry 206d of the RF circuitry 206 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
phase accumulator may be a digital phase accumulator (BPA). In some
embodiments, the BDMD may be configured to divide the mput signal by either N
or N+1 {e.g., based on a carry out} to provide a fractional division ratio. In some
example embodiments, the DLL may inciude a set of cascaded, tunable, delay
clements, a phase detector, a charge pump and a D-type flip-flop. In these
embodiments, the delay clements may be configured to break a VCO period up
mto Nd equal packets of phase, where Nd 1s the number of delay clements in the
delay bine. In this way, the DLL provides negative feedback to help ensure that

the total delay through the delay line is one VO cycle.

[0035] In some embodiments, synthesizer circuitry 206d may be
configured to generate a carrier frequency as the ouiput frequency, while i other

embodiments, the ocutput frequency may be a multiple of the carrier frequency
{e.g.. twice the carrier frequency, four times the carrier frequency) and used in
conjunction with gquadrature generator and divider circwitry to generate multiple
signals at the carrier frequency with multiple different phases with respect to
cach other. In some embodiments, the output frequency may be a LO frequency
{fLo). In some embodiments, the RF circuitry 206 may include an 1Q/polar
converier.

j38336] FEM circuitry 208 may include a receive signal path which may
mclude circuitry configured to operate on RF signals received from one or more
antennas 210, amplify the received signals and provide the amplified versions of

the recetved signals to the RF cireuitry 206 for further processing. FEM circuitry

1
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20% may also metude a transmit signal path which may mclude circuitry
configured to amplify signals for transmission provided by the R¥ circuitry 206
for transnuission by one or more of the one or more antennas 210,

{6637} In some embodiments, the FEM circuitry 208 may include a
TX/RX switch to switch between transmit mode and receive mode operation.
The FEM circoitry may include a receive signal path and a transmit signal path.
The receive signal path of the FEM circoitry may include a low-noise amplifier
{(LNA) to amplify received RF signals and provide the amplified received RF
signals as an output {e.g., to the RF circuitry 206). The transmit signal path of
the FEM circnitry 208 may include a power amplifier (PA) to armplify imnput RF
signals {(¢.g., provided by RF circuttry 206}, and one or more filters to generate
RF signals for subsequent transmission {¢.g., by one or more of the one or more
antennas 210, In some embodiments, the UE 200 may include additional
clements such as, for example, memory/storage, display, camera, sensor, and/or
mput/output (I/0) interface.

6038} FIG. 3 15 a functional diagram of an Evolved Node-B (eNB) in
accordance with some erbodiments. i should be noted that in 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. The eNB 300
may include physical layer circuitry 302 and a transceiver 305, one or both of
which may enable transmission and reception of signals to and from the UE 200,
other eNBs, other UEs or other devices using one or more antennas 301, Asan
gxample, the physical layer circoitry 302 may perform various encoding and
decoding functions that may inchude formation of baseband signals for
transmission and decoding of received signals. As another example, the
transceiver 305 may perform various transmission and reception functions such
as conversion of signals between a baseband range and a Radio Frequency (RF)
range. Accordingly, the physical laver circuitry 302 and the transceiver 305 may
be separate components or may be part of a combined component. In addition,
some of the functionality described may be performed by a combination that
may include one, any or all of the physical laver circuitry 302, the transceiver
305, and other components or layers. The eNB 300 may also mclude mediom

access control layer (MAC) circuitry 304 for controlling access 1o the wireless

12



WO 2017/034697 PCT/US2016/042140

medium.  1he eNB 30U may also include processing circuitry 306 and memory
308 arranged to perform the operations described herein. The eNB 300 may also
mchude one or more tnderfaces 310, which may enable communication with other
components, including other eNBs 104 (FIG. 1), components in the EPC 120
5 {FIG. 1} or other network components. In addition, the interfaces 310 may

enable communication with other components that may not be shown in FIG. 1,
mcluding components external to the network. The interfaces 310 may be wired
or wireless or a combination thereof.
10039 The antennas 214, 301 may comprise one or more directional or

10 omnidirectional antennas, including, for example, dipole antennas, monopole
antennas, patch antennas, loop antennas, microstrip antennas or other types of
antenmas suttable for transmission of RF signals. In some mudtiple-input
multiple-cutput (MIMO) embodiments, the antennas 210, 301 may be effectively
separated to take advantage of spatial diversity and the different channel

15 charactenstics that may result.
j3348] In some embodiments, the UE 200 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 wireless
communication capability, a web tablet, a wireless telephone, a smartphone, a

20 wireless headset, a pager, an instant messaging device, a digital camera, an
access point, a television, a wearable device such as a medical device (e, a
heart rate monitor, a blood pressure monitor, ete.), or other device that may
receive and/or transmit information wirelessly. In some embodiments, the UE
200 or eNB 300 may be configured to operate in accordance with 3GPP

25 standards, although the scope of the embodiments 1s not limited n 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
other IEEE standards. In some embodiments, the UE 200, eNB 300 or other
device may mchide one or more of a kevboard, a display, a non-volatile memory

30 port maltiple antennas, a graphics processor, an application processor, speakers,
and other mobtiie device clements. The display may be an LCD screen including

atouch screen.
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HEEEA Y Atmougn the UE 200 and the eNB 300 are each llustrated as
having several separate functional elements, one or more of the functional
clements may be combined and may be implemented by combinations of
software-configured elements, such as processing elements including digital

5 signal processors (D5Ps), and/or other hardware clements. For example, some
clements may comprise one or more microprocessors, DSPs, field-
progranunable gate arrays (FPGAS), application specific mtegrated circuits
{ASICs), radio-frequency integrated circuits {RFICs} and combinations of
various hardware and logic circuitry for performing at least the functions

10 descrbed herein. In some embodiments, the functional clements may refer to

o5

ONE OF MOTS Processes operating on one or more processing elements.
{6042} Embodiments may be implemented in one or a combination of
hardware, firnware and sofiware. Embodiments may also be implemented as
mstructions stored on a computer-readable storage device, which mayv be read

15 and executed by at least one processor to perform the operations described
herein. A computer-readable storage device may mclude any non-transitory
mechanism for storing information in a form readable by amachine {e.g., a
computer). For example, a computer-readablie storage device may include read-
only memory (ROM), random-access memory (RAM), magnetic disk storage

20 media, optical storage media, flash-memory devices, and other storage devices
and media. Some embodiments may include one or more processors and may be
configured with instructions stored on a computer-readable storage device.
06043} It should be noted that in some embodiments, an apparatos used
bv the UE 200 and/or eNB 300 may include various components of the UE 200

25 and/or eNB 300 as shown n FiGs. 2-3. Accordingly, techmques and operations
described herein that refer to the UE 200 {or 102} may be applicable to an
apparatus for a UE. In addition, techniques and operations described herein that
refer to the eNB 300 (or 104) may be applicable to an apparatus for an cNB.
044} In accordance with embodiments, the ¢eNB 104 may transmit a

30 paging message that may inclade paging identifiers to indicate an ntention of
the eNB 104 to send downlink data to the first group of UEs 1062, The paging
message may further include a bitmap of paging indicators to indicate whether

the eNB 104 intends to send downlink data to a second group of UEs 102, The
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pagmg message may include the bitmap when a length of the bitmap 1s less than
a combined fength of paging identifiers for a paging portion of second group of
UEs 102 to which the ¢NB 104 intends to send downlink data. The eNB 104
may also transmit downlink data to the UEs 102. These embodiments are
described in more detail below.

{0045} F1G. 4 illustrates the operation of a method of paging in
accordance with some cmbodiments. [t is important o note that embodiments of
the method 400 may include additional or even fower operations or processes in
comparison to what is illusteated in FIG. 4. In addition, embodiments of the
method 400 arc not necessanly limited to the chronological order that is shown
m FIG. 4. In deseribing the method 400, reference may be made to FiGs. -3 and
5-9, although it 1s understood that the method 400 may be practiced with any
other suitable systems, interfaces and components.

{0046} In addition, while the method 400 and other methods described
herein may refer to eNBs 104 or UEs 102 operating in accordance with 3GPP or
other standards, embodiments of those methods are not himtted to just those
e¢NBs 104 or UEs 102 and may also be practiced by other mobile devices, such
as a Wi-Fi access point (AP) or user station (5TA). In addition, the method 400
and other methods described herein may be practiced by wireless devices
configured to operate in other suitable types of wireless communication systems,
mcluding systems configured to operate according to various IEEE standards
such as TEEE 802.11. The method 400 and other methods descnbed herein may
also be applicable to an apparatus for a UE 102 and/or eNB 104 or other device
described above.

{06471 At operation 405 of the method 400, the eNB 104 mav receive,
from one or more UEs 102, support indicators for usage of a bitmap of paging
mdicators as part of paging by the eNB 104. That is. a suppoit indicator from a
particular UE 102 may indicate whether the UE 102 supports the usage of the
bitmap or whether the UE 102 supports operation according to the bitmap. As
an example, the UE 102 may include such support indicators in one or more
radio resource control {RRC) messages or other messages. The message(s) may
be transmitted to the eNB 104 during a UE capability mformation exchange

during an mitial attach process, in some cases. This example is not limiting,
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nowever, as other messages or techniques mayv be used by the UE 102 1o
communicate the support indicators to the eNB 104,

{0048} At operation 410, the eNB 104 may transmit, to the mobility
management entity {MME) 122, one or more requests for paging identifiers for
one or more UEs 102, Ag an example, the requests may be for paging identifiers
for UEs 102 that have indicated support for the usage of the bitmap of paging
ndicators. As another example, the eNB 104 may request paging identifiers for
a portion of those UEs 102 that have indicated support for the usage of the
bitmap of paging indicators. These examples are not limiting, however, as the
e¢NB 104 may also request paging identifiers for other UEs 102 that may or may
not have indicated such support, in some cases.

{0049} It should be noted that paging identifiers used in the method 400
and other methods described herein may mchude any suitable nomerical
identifior or other parameter to wdentifv the UE 102, As an example, a termporary
mobile subscriber identity (TMSI), such as a system architecture evolution TMST
(5-TMSI) or other TMSI, may be used. As another example, an international
mobile subscriber identity (IMSI) may be used. These examples are not
himiting, however, as the paging identifiers may mchude other identificrs that
may or may not be part of a standard such as 3GPP, IEEE 802 11 or others.
{0658 At operation 413, the eNB 104 may receive, from the MME 122,
paging identificrs for one or more UEs 102, As an cxample, the eNB 104 may
receive paging wdentifiers for the UEs 102 as requested by the eNB 104 at
operation 410 or other operation.  As another example, the MME 122 may not
send paging identifiers for all the UEs 102 as requested by the eNB 104, and
may send a portion of them. These examples are not limiting, however, as the
eNB 104 may also receive paging identifiers for other UEs 102 that may or may
not have been imdicated by the eNB 104 as part of request operations such as 4190
or others.

{051 At operation 420, a mapping of paging indicators to UEs 102 for
the bitmap may be determined by the eNB 104, The mapping may be based at
least partly on one or more factors, such as paging identificrs for the UEs 102,
support indicators received from the Uls 102 or other factors. As a non-himiting

example, paging indicators may be mapped to UEs 102 that have indicated
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support 1or usage ot the bitmap of mapping indicators in RRC messages or other
messages.
{0052} As another non-limiting example, a paging opportunity (PO} or
similar technique may be used to accommodate paging of multipie groups of

5 UEs 102 by the eNB 104 during multiple time pertods. For instance, the eNB
104 may be able to page a first group of UEs 102 during a first PO and a second
group of Uls 102 during a second PO. The UEs 102 included in cach group
may be determuned (by both the UE 102 and the ¢NB 104) based on the paging
identifier of the UE 102 and/or other factors.

10 |0653) Accordingly, the eNB 104 may determine, as part of operation
420, a group of UEs 102 that may be assigned to a particular PO based on paging
wdentifiers of the UHg 102. The eNB 104 may then determine a mapping fora
bitmap to be used during the PO. The mapping may be based on which UEs 102
{of the group of UEs 102 assigned to the PO) support the usage of the bitmap.

15 [0054) it should be noted that in some cases, the eNB 104 may determine
a bitmap to be used during each of multiple POs. For instance, the UEs 102
supported by the cNB 104 may be divided into multiple groups corresponding to
difterent POs. The eNB 104 may determine a bitmap for cach PO based on the
group of UEs 102 assigned to the PO. The eNB 104 may transmit one or more

20 paging messages (to be described below) for each PO to page at least a portion
of'the group of UEs 102 assigned to the PO.

[O055] At operation 425, one or more messages may be transmitied by
the ¢NB 104 to one or more UEs 102 to indicate the mapping of paging
mdicators to UEs 102 for the bitmap. As anon-limiting example, RRC

25 messages or other control messages may be used. As described previously,
multiple bitmaps may be ssed for multiple PGs, m some cases. Accordingly, the
messages transmitted by the eNB 104 may indicate mappings for the multiple
bitmaps i such cases.
j3356] At operation 430, the eNB 104 may transnut a paging message

30 for paging of one or more UEs 102, The paging of the UEs 102 may indicate an
mtention of the eNB 104 to send {(or transmit) downlink data to the UEs 102, in
some cases. As an example, the paging message may be for a transmussion

period during which the downhink data 1s to be sent to the UEs 102, As another
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gxample, such a transmission may be performed, in some cases, after a random
access procedure has been performed for the UE 102, although ¢mbodiments are
not so limited.

{06571 In some embodiments, the paging message may include pagmg
wentifiers for a first group of one or more UEs 102 for paging of the Uks 102.
Although not limited as such, the paging identifiers may be inchided in a paging
list, a paging record list or a similar list or group, which may or may not be
mceladed v a standard such as 3GPP, IEEE 802,11 or other standard. Asan
example, the paging identifiers may include onc or more IMS1, TMSI, 5-TMS1
o1 other ideuntifiers for the UEs 102 in the first group.

{0658} In some embodiments, the paging message may further include a
bitmap of paging indicators. The paging indicators may be mapped to a second
group of UEs 102 according to bit indexes of the bitmap. in some cmbodiments,
the bitmap may exclude paging identifiers (such as the IMSI or S-TMSI
previously described or others) for the second group of UEs 102, Accordingly, a
particudar bit of the bitmap that 1s mapped to a particular UE 102 may be used to
page the UE 102, As an example, the bit may take values such as 0/1, yes/no or
similar to indicate whether or not the UE 102 13 paged by the paging message. It
should be noted that although the example bitmap uses one bit per UE 102,
embodiments are not Hmited to the use of one bit per UE 102,

[0039] In some cmbodiments, the paging message may cxclude paging
wdentifiers (such as the IMS] or S-TMSH or others) for the second group of UEs
102. The indication of whether or not a UE 102 m the second group of UEs 102
is paged may therefore be performed by setting of an appropriate bit in the
bitmap. As an example, some or all of the UEs 102 in the second group of Ulls
102 may be paged by setting the paging indicators mapped to those UEs 102 to a
value of 17 and setting the remaining paging indicators to a value of 0.7 Ag
ancother example, the paging indicators may all be set to a value of “07 to
mdicate that none of the UEs 102 m the second group of UEs 102 are being
paged by the paging message.

{(3060] In some embodiments, the paging message may further include a
bitmap usage indicator that may indicate whether the bitmap of paging indicators

is included in the pagimg message. As an cxample, a bit that may take values
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such as U/ 1, yes/no or similar may be used. As ancther example, the bitmap
usage indicator may be included when the bitmap is included in the paging
message and may be excluded when the bitmap 1s excluded from the paging
message. Embodiments are not hinuted to these examples, however, as other
suttable technigues may be used to communicate to the UEs 102 that the bitmap
is included and/or excluded from the paging message.

{0061} F1G. 5 illustrates an example of a paging message in accordance
with some embodiments. The example paging message 500 shown m FIG. 5
may illustrate concepts associated with the method 400 or other methods, but the
scope of the embodiments is not imited by this example. In addition, formats
and arrangements of the message and parameters as shown in FIG. 3 are also not
Emiting. Some embodiments of the paging message 500 may inchde any or all
of the parameters shown in FIG. 5. In some embodiments, the paging message
500 may also inchude other similar parameters in addition to, or instead of, some
of those parameters shown in FIG. 3.

[B062] The paging message 500 may include the paging record hist 510,
which may include one or more paging identifiers such as those previously
described or others. As an example, the paging record list 510 mav be referred
to as a “pagmgRecordList” parameter or similar in some ¢ases.

[0063] The paging message 500 may also include the bitmap usage
mdicator 520, which may indicate whether or not the paging message 500
meludes a bitmap of paging indicators. As an example, the bitmap usage
mdicator 520 may be referred to as a “bitmapAddressing-Included” or similar in
SOMIC Cases.

{8064} The paging message 500 may also include the bitmap 330 of
paging mdicators, which may indicate whether or not UEs 102 mapped to bit
mdexes of the bitmap are paged by the paging message 500, As an example, the
bitmap 530 may be referred to as a “pagingBitmap” or similar in some cascs.
[B065] The paging message 500 may also include any number (including
zero) of other parameters, imformation or data blocks 540, which may or may not
be related to paging or to techniques and operations described hergin,

[8066] In some embodiments, the paging message may be formatted

according to any number of factors. Such factors may mclude a mumber of UEs
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1UZ that may be paged via paging identifiers, a number of UEs 102 that may be
paged via the bitmap of paging indicators, a paging identifier length, a bitmap
length or other factors. As an example, the paging identifiers may tnclude a
relatively large number of bits, such as 40 bits for an S-TMSI and 64 bits for an
IMSE In contrast, the bitmap may use one bit for paging of each UE 102 that is
mapped to the bitmap. A benefit in system cfficiency and/or throughput may be
realized, in some cases, through formatting of the paging message. For instance,
the ¢NB 104 may select a paging message format in order o reduce an overall
length of the paging message.

0067} As an example, the eNB 104 mav wish to page a first group of
UEs 102 using paging identificrs and mav use a bitmap of pagmg indicators for
paging one or more UEs 102 in a second groap of UEs 102, In some cases,
usage of the bitmap for paging of UEs 102 in the second group may be more
cfficient than usage of paging identifiers for them. For instance, paging of a
targe number of UEs 102 1n the second group may be performed more efficiently
using the bitmap in some cases.

{0068} However, i other cases it may be more efficient for the paging
message to page the UEs 102 i the second group using paging identifiers
mmstead of the bitmap. As a non-limiting example, the ¢eNB 104 may page a
small number of UEs 102 in the second group, and a combined length of paging
wdentifiors for those UEs 102 in the second group may be less than the length of
the bitmap. For mstance, a bitmap of 150 bits may be configured to page up to
150 UEs 102, When two UEs 102 of the 150 candidate UEs 102 are to be paged
bv the paging message, the combined length of 5-TMSI identificrs for the two
UEs 102 may be 80 bits, which 1s less than the 150 bits of the bitmap. In this
case, 1t may be more efficient for the eNB 104 to exclude the bitmap and to
mchide paging identifiers for the paged UEs 102 1n the second group. The eNB
104 may also indicate, n the paging message, that the bitmap is excluded. For
mstance, a bitmap usage indicator may be excluded from the paging message or
may be sct to 8 predetermined value, sach as 0.

[0069] As another example, when five UEs 102 in the second group of

150 UEs 102 are to be paged, the combined length of S-TMSI identifiers for

those five UEs 102 may be 200 bits. In this case, it may be more efficient for the
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eNB 104 10 include the bitmap and to exclude paging identifiers for the paged
UEs 102 in the second group. The eNB 104 may also indicate, in the paging
message, that the bitmap 1s included. For instance, a bitmap usage indicator may
be mcluded in the paging message and/or may be set to a predetermined value,
such as 1.

{0670 As part of the determination of the format for the paging message,
the ¢NB 104 may determine a combined length based on paging identifiers for a
paging portion of the UEs 102 in the sccond group. For mstance, the number of
UEs 102 in the paging portion multiplied by the number of bits in the paging
wdentifier (such as 40 or 54 or other) may be determined as an equivalent number
of bits that would have to be used for paging of those Uls 102 via paging
wdentifiers. The combined length may be compared to a length of the bitmap.
{0671} In some embodiments, when the length of the bitmap is less than
the combined length, the paging message may include the bitmap and may
exclude paging identifiers for the UEs 102 in the paging portion of the second
group. When the length of the bitmap is not less than the combined length, the
paging message may exclude the bitmap and may include paging identificrs for
the UEs 102 n the paging portion of the second group.

66721 In some embodiments, the decision of which format to be used
for the paging message may be based on a threshold. As an example, the bitmap
may be used when the combined length exceeds a predetermined threshold given
mn terms of a number of bits. The threshold may be related to the bitmap length,
n some cases, but ts not limited as such. As another example, the bitmap may
be excluded when the length of the bitmap exceeds the combined length by at
least a predetermined threshold.

18073} As a non-limiting example, the first group of UEs 102 to which
the eNB 104 may include legacy UEs 102, Accordingly, the legacy UEs 102
may be configured to determine a paging by the cNB 104 according to paging
wdentifiers included in a paging record of the paging message. The second group
of UEs 102 may include non-legacy UHs 102 that may be configured to
determine the paging by the eNB 104 according to the bitmap and/or the paging

identifiers.
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U /4y As another example, one or more of the second group of UEs 102
may be configured to operate according to a Machine Type Communication
{MTC) protocol or an Internet of Things (Jo'T) protocol. As part of such
operation, the UEs 102 may exchange small quantitics of data with the ¢eNB 104
{or other device) at refatively imfrequent rates. For instance, data blocks that
inchide 100 bytes or fewer may be transmitied to the eNB 104 at a frequency of
less than once per minute. The block size is not limited to 100 bytes, however,
as other block sizes such as 20, 30, 200, 1000 or other number of bytes may be
used in some cases. The frequency of transmission is also not limited to less
than onge per minute, as other frequency transmissions such as less than once
per second, ten seconds, two minutes, ten minuies, one hour, one day or other
period may be used in some cases.

{0675} In some cases, a large mumber of such MTC or IoT devices may
be i operation, and may receive pages from the eNB 104 at an infrequent rate.
Accordingly, it may be beneficial for the eNB 104 to have flexibility to
dvnamically select a paging message format (such as those described previcusiy)

based on the number of UEs 102 {or other devices) to be paged at a particular

nme.
{6876} At operation 435, one or more random access messages may be

received from at least a portion the UEs 102 indicated in the paging message {or
paged by the paging message). {n some crobodiments, the random access
messages may be transmitted by the UEs 102 based on reception of the paging
message. That is, the UHs 102 indicated in the paging message may respond by
mitiating and/or performing a random access procedure with the eNB 104, In
some cases, the eNB 104 may also transmit one or more random access
messages to the UE 102 as part of the random access procedurs.

{6677} At operation 440, the eNB 104 may transmit downlink data to at
least a portion of the UEs 102 indicated in the paging message. In some
embodiments, the data may be transmitted according to a data connection
established at least partly by the random access procedure. These embodiments
are not limiting, however, as the eNB 104 may transmit the downlink data
without performance of the random access procedure in some embodiments.

That 13, some embodiments of the method 400 may exclude operation 435,
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HEENRY i o tustrates the operation of another method of paging in
accordance with some embodiments. As mentioned previousty regarding the
method 400, embodiments of the method 600 may include additional or even
fewer operations or processes in comparison to what 1s ilustrated in FIG. 6 and
5 embodiments of the method 600 are not necessarily limited to the chronological
order that i1s shown in FIG. 6. In describing the method 600, reference may be
made to FIGs. 1-5 and 7-9, although it 1s understood that the method 600 may be
practiced with any other suitable systems, interfaces and components. In
addition, techmques and concepts described herein may be applicable to the

10 method 600 in some cases, including the paging message, bitmap of paging
mdicators, paging identifiers, paging opportunity, RRC signaling, random access
procedure and/or others.

{0679} It should be noted that the method 600 may be practiced at the UE
102, and may include exchanging of signals or messages with the eNB 104,

15 Sinularly, the method 400 may be practiced at the eNB 104, and may include
exchanging of signals or messages with the UE 102, In some cases, operations
and/or technigques described as part of the method 400 may be relevant to the
method 600, For mstance, an operation of the method 400 may mnclude
transnussion of a message by the eNB 104 while an operation of the method 600

20 may include reception of the same message or similar message at the UE 162,
{D080] At operation 603 of the method 600, the UE 102 may transout, to
an eNB 104, a support indicator for usage of a bitmap of paging indicators as
part of a paging process. That is, the eNB 104 may be configured to page UEs
102 using paging identifiers and/or the bitmap, and the UE 102 may indicate

25 whether or not it supports the use of the bitmap. The support mndicator may be
transmitted as part of one or more radio resource control (RRC)Y messages,
afthough embodiments are not so limited, and other control messages may be
used in some ¢ases.

[B081] At operation 610, the UE 102 may receive one or more RRC

30 messages from the eNB 104 that may indicate a mapping of bit indexes of the

bitmap. In some embodiments, the mapping may be provided to the UE 102

when the eNB 104 1s notified that the UE 102 supports usage of the bitmap.

)
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jousLy At operation 615, the UE 102 may receive, from the eNB 104, a
paging message for paging of one or more UEs 102 to which the eNB 104
mtends to send downlink data. Although various techniques related to the
paging message described herein may be used at operation 613, embodiments
are not so limited. As an example, the paging message may include paging
wlentifiers for at least a first portion of the paged UEs 102, The paging message
may also mclude, 1 some cases, a bitmap of paging indicators that may enable
the ¢NB 104 to page a group of UEs 102 assigned to bit indexes of the bitmap.
A second portion of the paged UEs 102 may be included in the group of UEs
102 assigned to the bit indexes.

{0683} At operation 620, the UE 102 may determune whether the paging
message indicates a paging of the UE 102 by the eNB 104, In some cases, the
paging message may inchude the bitmap and may use it for paging of the UE
102. In some cases, a paging identifier for the UE 102 may be included in the
paging message {(as part of a paging list or otherwise) for paging of the UE 102,
Accordingly, a bitmap usage indicator may be included 1n the paging message to
mdicate to the UE 102 whether or not the bitmap is included. As an example,
when the bitmap of paging indicators is included, the UE 102 may determine
whether or not it is being paged by looking at the particular paging indicator
assigned to the UE 102, When the bitmap of paging indicators is excladed, the
UE 102 may determine whether or not it is being paged by looking for its paging
wdentifier in the paging list or elsewhere within the paging message.

j3384] At operation 625, one or more random access messages may be
transmitied by the UE 162, In some embodiments, the random access messages
may be transmutted by the UE 102 based on reception of the paging message.
That 15, when the UE 102 s paged by the paging message, it may respond by
mitiating and/or performing a random access procedure with the eNB 104, in
some cases, the UE 102 may receive one or more random access messages from
the eNB 104 as part of the random access procedure.

HEESY At operation 630, the UE 102 may receive downlink data from
the eNB 104, In some embodiments, the data may be transmitted according to a
data connection established at least partly by the random access procedure.

These embodiments are not limiting, however, as the eNB 104 may transmit the
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downlimg dgata without performance of the random access procedure in some
embodiments. That ig, some e¢mbodiments of the method 600 may exclude
operation 625,
{0086} FIG. 7 llustrates the operation of another method of paging in
5 accordance with some embodiments. FIG. 8 illustrates the operation of another

method of paging in accordance with some embodiments. FIG. 9 illustrates the
operation of another method of paging in accordance with some embodiments.
In some cases, techniques and concepts described herein may be applicable to
some embodiments of methods 700, 800 and/or 900, including the paging

10 message, bitmap of paging indicators, paging identificrs, paging opportunity,
RRC signaling, random access procedure and/or others. In addition, some
embodiments of the methods 700, 800, and/or 900 may mclude fower or
additional operations than what is shown in FiGs. 7-9. The chronological order
of operations is also not hmited to that shown in FIGs. 7-9. Some embodiments

15 wmay mclude one or more operations from one or more of the methods 400, 600,
700, 800, and/or 900 and may also include other operations in some cases.
{6087 The method 700 may inchide operations that may be performed at
the UE 102, eNB 104 and/or MME 122, but embodiments are not limited to
these devices. At operation 710 of the method 700, the UE 102 may transmit a

20 capability indicator that may indicate whether or not the UE 102 has the
capability to process bitmap-based addressing as part of a paging process. The
capability indicator may be received at the eNB 104, As an example, the
capability mdicator may be communicated using operations and/or messages
mcluded in a “UE capability exchange™ process that may be included in 3GPP or

25 other standards. Embodiments are not limited as such, however,
{0083} At operation 720, the eNB 104 may transmit information to the
MME 122 as part of one or more messages. 1he information may nclude the
capability mdicator from operation 710 or may be based on the capability
mdicator. Accordingly, the ¢NB 104 may inform the MME 122 whether or not

30 the UE 102 supports the bitmap-based addressing. Other information may also
be transmitted to the MME 122 as part of operation 720.
16089] At operation 730, the MME 122 may transmit a paging identifier

for the UE 102, which may be received at the eNB 104. The paging identifier
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may be mcluded 1 one or more messages that may or may not include other
mformation. In some cases, the transmussion may be performed 1o responsc to a
reception of the capability indicator from the ¢eNB 104 at operation 720, although
embodiments are not himited as such. The paging identitier may be or may
5 mchude an S-TMSI or IMST or other identifier. As an example, the paging

wlentifier may be commumicated using operations and/or messages included in
an “Initial Context Sctup Request” proccss that may be mcluded in 3GPP or
other standards. Embodiments are not hmited as such, however.
[06G90] At operation 740, the eNB 104 may transmit a paging bitmap

10 position, which may be received at the UE 102, The paging bitmap position may
be mcluded m one or more messages that may or may not inclade other
mformation. The paging bitimap position may be determined at the eNB 104 and
may be based at least partly on the paging identifier for the UE 102, Asan
cxample, the paging brtmap position may be communicated using operations

15 and/or messages included m an “RRC Connection Reconfiguration” process that
may be included in 3GPP or other standards. Embodiments are not imtted as
such, however.
0691} The method 800 may mclude operations that may be performed at
the eNB 104 and/or a base station, but embodiments are not himited to these

20 devices. At operation 805 of the method 800, the eNB 104 may receive
capability mformation from the UE 102 related to whether the UE 1072 1s capable
of using bitmap-based addressing for paging. As a non-limiting example, the
operation 305 may be performed duning an mitial attach process of the UE 102,
At operation 810, a paging identifier (1D} may be received from the MME 122

25 forthe UE 102, The paging 1D may be included in an Initial Context Setup
message, although embodiments are not himited as sach. When the eNB 104 has
access to the paging 1D for the UE 102 during the mitial attach process, the eNB
104 may be able to put UEs 102 that belong to a same paging opportunity (PO)
to a common bitmap for the PO. At operation 813, the eNB may determine a PO

30 for the UE 102 based at least partly on the paging ID for the UE 102, At
operation 820, the eNB 104 may determine and/or assign a paging bitmap
position to the UE 102 based at least partly on bitmap posifions already assigned

to other UEs 102 with the same PO timing. That is, an unassigned bitf position
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may be assigned to tie UE 102, At operation 825, the ¢NB 104 may
communicate the assigned paging bitmap position to the UE 102 using RRC
signaling and/or other messages. Although not limited as such, one or more of
operations 803-825 may be performed during the inihal attach process of the UE
102, and may be performed when the UE 102 is capable of bitmap-based
addressing for paging.

[0092] At operation 830, the ¢cNB 104 may retain the mapping between
bitmap positions and paging 1Ds of UEs 102 that have been configured for
bitmap-based addressing for paging. That is, the eNB 104 mav continue to use
and/or reserve a particular bitmap position for paging of the UE 102 and may
refrain from assigning that bitmap position to other UEs 102, As an example,
the eNB 104 may retain the mapping cven when one or more UEs 102 enters an
idic mode.

[0093] At operation 833, when paging legacy UEs 102 or paging UEs
102 not configured with bitmap-addressing for paging, the eNB 104 may include
UE 1Ds (paging IDs) in the paging record hist. This form of paging may be
considered legacy behavior in some cases. At operation 840, when one or more
UEs 102 configured with bitmap-addressing for paging from this ¢NB 104 are to
be paged, the eNB 104 may calculate an overhead related to bitmap-based
addressing. As an example, a length of the bitmap may be determined. It should
be noted that, in some embodiments, the eNB 104 may not necessarily perform
the overhead calculation when no UEs 102 configured with bitmap-based
addressing are to be paged.

[(3094] At operation 845, the overbead related to bitmap-based
addressing may be compared to an overhead for paging based on usage of paging
1Ds for the UEs 102 that would be paged by the bitmap. Based on the
comparison, the eNB 104 may determine whether to use the bitmap-based
addressing or to mclude paging {Ds. At operation 850, when it is determined
that the bitmap-based addressing does not provide a benefit in terms of ovethead,
bitmap-based addressing may be excluded. In addition, paging 1Ds for the UEs
102 that are assigned bitmap positions and are to be paged may be included
the paging record list. At operations 855 and 860, when it 1s determined that the

bitmap-based addressing may provide an overhead benefit, the bitmap may be
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mciuded 1 the paging message and the appropriate bitmap positions for those
UEs 102 may be determined and may be set to “17 in the bitmap. Accordingly,
the cNB 104 may cxclude paging 1Ds of those UEs 102 from the paging record
fist (and therefore from the paging message). In addition, at operation 865, when
it is determined that the bitmap-based addressing may provide an overhead
benefit, a “bitmap addressing incladed” field may be mchuded in the paging
message to indicaie usage of bitmap-~based addressing and/or inclusion of a
bitmap.

[0095] Although not limited as such, one or more of operations §35-865
may be performed during a paging opportunity (P(), and may be performed
during a PO m which one or more UEs 102 are configured to process bitmap-
based addressing for paging.

{0696} The method 900 may include operations that may be performed at
the UE 102 and/or a mobile device, but embodiments are not linuted to these
devices. At operation 905 of the method 900, the UE 102 may mform the ¢NB
104 of a capability to process bitmap-based addressing for paging. For mnstance,
the capability may indicate whether or not the UE 102 1s configured to or
capable of processing bitmap-based addressing. At operation 910, the UE 102
may receive, from the eNB 104, a bitmap position for paging of the UE 102,
Although not limited as sach, operations 905 and/or 910 may be performed
during the nitial attach process of the UE 102, and may be performed when the
UE 102 1s capable of bitmap-based addressing for paging.

06097] At operation 915, the UE 102 may receive a paging message from
the eNB 104, At operation 920, the UE 102 may determine if the paging
message has the “bitmap addressing included™ field, which may indicate whether
or not the paging message inchides a bitmap. At operation 925, when the UE
102 determines that the paging message does not include the bitmap, the UE 102
may search the paging record list for a paging identifier of the UE 102 to
determine 1t the UE 102 1s paged by the paging message. [fthe UE 102 finds its
paging 1D in the paging record list, the UE 102 may classify itself or consider
itself as being paged by the paging message. In addition, if the UE 102 does not
find 1ts paging ID in the paging record list, the UE 102 may classify itself or

consider itself as being unpaged or not paged by the paging message. At
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operation 930, when the UE 102 determines that the paging message mehudes the
bitmap, the UE 102 may determine a paging indicator value at the bitmap
position that is assigned to the UE 102. At operation 935, the UE 102 may
classify itself as paged or not paged based on the value of the paging mdicator
5 forthe UE 102.

[8093] Although not limited as such, one or more of operations 915-935
mayv be performed during a paging opportunity (PO}, and raay be performed
when the UE 102 18 configured to process bitmap-based addressing for paging.
It should also be noted that, in some cases, the UE 102 may be configured to

16 process the bitmap-based addressing but may not have been assigned a bitmap
position. In such cases, the UE 102 may perform operation 925, That 1s, the UE
102 may search the paging record list for a paging identificr of the UE 102 to
detormine if the UE 102 1s paged by the paging message. Accordimgly, the UE
102 may perform some operations according to legacy behavior when 1t has not

15 been assigned a bitmap position, even though it may be capable of bitmap-based
processing. In such cases, the UE 102 may also perform operation 920 in which
it determines whether or not the paging message includes the bitmap.
[6099] As an example, the UE 102 may be configured to operate
according to bitmap-based addressing with a first eNB 104, and may move to or

20 may be handed off to a second eNB 104 during an idle mode. In such cases, one
or more of the following operations may be performed. The second eNBE 104
may use paging according to paging 1Ds for the UE 102 duning a time period,
such as an mutial peniod after the handoff. The second eNB 104 may exchange
control or setup messages, such as RRC signaling or other, with the UE 102 to

25 configure bitmap-based paging for the UE 102, As an example, the RRC
signaling may be part of an “RRC Connection Setup / Reconfiguration” or
similar process, but embodiments are not limited as such. Accordingly, the
sccond eNB 104 may learn or be notified of a capability of the UE 102 10
operate according o bitmap-based addressing for paging. The second eNB 104

3¢ may reguest and/or receive a paging ID for the UE 102 from the MME 122 in
such cases, and may use previous techuiques to deternune a paging opporiunity
{PO) for the UE 102 and to assign the UE 102 a bitmap position. In some

embodiments, additional operations may be performed by the second eNB 104
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and/or the UE 102, including but not Iimited to operations included in the
methods 860 and 900,

100100} As another cxample, the UE 102 may be handed off from a source
¢NB 104 1o a target eNB 104 while in a connected mode. In some cases, the UE
102 may be configured to operate according to bitmap-based addressing with the
source eNB 104, and one or more of the following operations may be performed.
The source eNB 104 may inform the target eNB 104 whether or not the UE is
capable of or configured to operate according to the bitmap-based addressing for
paging. The target cNB 104 may request and/or receive a paging 13 for the UE
102 from the MME 122 in such cases, and may use previous techniques to
determine a paging opportunity (PO} for the UE 102 and to assign the UE 102 a
bitmap position. In some embodiments, additional operations may be performed
by the target ¢NB 104 and/or the UE 102, including but not limited to operations
meluded in the methods 800 and 900.

00101} An example of an apparatus for an Evolved Node-B (eNB) 13
disclosed herein. The apparatus may comprise transesiver circuitry and
hardware processing circuitry. The hardware processing circuriry may configure
the transceiver circultry o transmit a paging message that meludes paging
wdentifiers for a first group of one or more User Equipments (UEs) to indicate an
miention of the eNB to send downlink data to the first group of UEs. The
paging message may further inchude a bitmap of paging indicators to mdicate
whether the eNB ntends to send downlink data to a second group of UEs. The
paging indicators may be mapped to the second group of UEs according to bit
mdexes of the bitmap.

{60102} In some examples, the paging message may include the bitmap
when a length of the bitmap is less than a combined length. The combined
length may be based on paging identifiers for a paging portion of the UEs in the
second group of UEs to which the cNB mtends to send downlink data. In some
examples, when the length of the bitmap is not less than the combined length,
the paging message may exchude the bitmap and may further include paging
identifiers for the paging portion of the UEs.

[60163] In some examples, the hardware processing circuitry may further

configure the transcetver circuitry o receive, from a mobility management entity
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{(MME), paging identifiers for the second group of UEs. The hardware
processing circuitry may be configured to determine the mapping of the paging
mdicators to the second group of UEs based at least partly on the paging
identifiers for the second group of UHs. In some examples, the hardware

5 processing circuitry may further configure the transcetver circuitry 1o receive,
from the second group of UHs, support indicators for operation according to the
bitmap of paging indicators. The hardware processing circuitry may further
configare the fransceiver circpitry to transmit, to the MME, one or more requests
for the paging identifiers for the second group of UEs.

16 (00104 In some examples, the hardware processing circuitry may further
configure the transceiver circuitry to receive, from the second group of UEs,
support indicators for operation according to the bitmap of paging indicators.
The hardware processing circuitry may be configured to determine the mapping
of the paging mdicators to the second group of UEs based at least partly on the

15 support indicators. In some examples, the support indicators may be received in
one or more radio resource control (RRCY messages. The hardware processing
circuttry may further configure the transceiver circuitry to transmit, to the sccond
group of UEs, one or more RRC messages that indicate the mapping.

{60165] In some examples, the paging message may be for a transmission

20 period during which the downlink data i3 to be sent to the first group of UEs and
to a pagmg portion of the second group of UEs. In some examples, the paging
message may exclude paging identifiers for the second group of UBs. In some
cxamples, the paging wdentifiers may include a temporary mobile subscriber
wdentity (TME1) or an intemational mobile subscriber identity (IMS). In some

25 examples, one or more UEs in the second group of Uls may be configured to
operate aceording to a Machine Type Commaunication {MTC) protocol.

{00106} In some exampies, the first group of UEs may include one or
maore legacy UEs and the second group of UEs may include one or more non-
fegacy UEs. In some examples, the eNB and the first and second groups of UEs

30 may be configured to operate in a Third Generation Partnership Project (3GPP)
network, In some examples, the apparatus may further comprise one or more
antenmas coupled to the transcetver circuitry for the transnussion of the paging

MEeSsagZe.
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60107} An example of a non-transitory computer-readable storage
medium that stores instructions for execotion by one or more processors to
perform operations for paging by an Evolved Node-B (eNB) 1s also disclosed
herein. The operations may configure the one or more processors 1o receive,

5 from a first User Equipment (UE), a radio resource control (RRC) message that
mdicates whether the first UE supports usage of a bitmap of paging indicators ag
part of the paging. The operations may further configure the onc or more
processors to transmit a paging message that mchudes the bitmap and fither
includes a paging identifier for a second UE to be paged by the eNB. Bit

16 indexes of the bitmap may be mapped to a group of UEs. The paging indicators
may indicate whether UEs 10 the group of UEs are to be paged by the eNB. The
group of UEs may nclade the first UE and may exclude the second UE.

[60108] In some examples, the group of UEs may include the first UE
when the first UE supports the usage of the bitmap of paging indicators as part of

15 the paging. In some exampics, the operations may further configure the one or
more processors to determine a combined length based on paging identifiers for
a paging portion of the UEs in the group of UEs that are to be paged by the ¢eNB,
The paging message may nclude the bitmap when the combined length is
greater than a predetermined threshold that 1s based on a length of the bitmap. In

20 some examples, when the combined length is not greater than the predetermined
threshold, the paging message may exclude the bitmap and may mclude paging
wdentifiers for the paging portion of the Uks.

30169 In some examples, the operations may further configure the one
0T OIS Processors (o receive, from a mobility management entity {(MME}),

25 paging identifiers for the group of UEs. The operations may further configure
the one or more processors (o determine the mapping of the pagimg indicators to
the group of UEs based at least partly on the paging identifiers for the group of
UEs. The operations may further configure the one or more processors to
transmit one or more radio resource control (RRC) messages to the group of Uls

30 to mdicate the mapping.

60119 An example of a method of paging performed by an Evolved
Node-B (eNB) 1s also disclosed herein. The method may comprise

transmitting 3 paging message that includes paging identifiers for
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a first group of one or more User Equipments {UEs) to indicate an intention of
the eNB to send downlink data to the first group of UEs. The paging message
may further include a bitmap of paging indicators to indicate whether the eNB
mtends to send downlink data to a second group of UEs. The paging indicators
may be mapped to the second group of UEs according to bit indexes of the
bitmap. In some examples, the paging message mav include the bitmap when a
length of the bitmap is less than a combined length that is based on paging
identifiers for a paging portion of the UEs in the second group of UEs to which
the eNB intends to send downlink data. When the length of the bitmap is not
fess than the combined length, the paging message may exclude the bitmap and
may turther melude paging dentifiers for the paging portion of the UEs.

{60111} An example of an apparatus for a User Equipment (UE) 1s also
disclosed herein. The apparatus may comprise transceiver circuttry and
hardwarc processing circuttry. The hardware processing circuitry may configure
the transceiver eirenitry o receive, from an Evolved Node-B (cNB), a paging
message for paging of one or more UEs to wluch the ¢NB intends to send
downdink data. The hardware processing circnitry may further configure the
transceiver circuitry to transnut, when the UE 1s paged by the paging message,
one or more random access messages for establishment of a downlink data
connection with the eNB. The paging message may include paging identifiers
for at least a first portion of the paged UHs. The paging message may mnclude a
bitmap of paging mdicators that indicate whether the eNB mitends to send
downlink data to a group of UEs assigned to bit mdexes of the bitmap. At least a
second portion of the paged UEs may be tncluded in the group of UEs assigned
to the bit indexes of the bitmap.

{60112} In some examples, the paging message may include the bitmap of
paging indicators when a combined length of paging identifiers for the second
portion of the paged UEs is greater than a length of the bitmap. The paging
message may further include a bitmap usage mdicator of whether the bitmap of
paging indicators is included in the paging message. The hardware processing
circuitry may be configured to determine whether the UE is paged by the paging
message based at least partly on the bitmap usage indicator. In some examples,

the UE may be configured to operaie according to a Machine Type

Ll
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Communication (MTC) protocol. In some examples, the apparatas may further
compiise one or more antennas coupled to the transceiver circuitry for the
reception of the paging message and the transmission of the random access
Messages.

5 {00113 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 nature and
gist of the technical disclosure. It is submitted with the understanding that it will
not be ased to bt or interpret the scope or meaning of the claims. The
following claims are hereby ncorporated into the detailed description, with each

16 claim standing on its own as a separate embodiment.
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CLAIMS

What is claimed is:

1. An apparatus for an Evolved Node-B (eNB), the apparatus comprising
transceiver circuitry and bardware processing circuitry, the hardware processing
circuitry to configure the transceiver circuitry to

tranamif a paging message that inclodes paging identifiers for a first
group of ane or more User Equipments (UEs) to indicate an intention of the eNB
to send downlink data to the first group of UEs,

wherem the paging message further includes a bitmap of paging
indicators to indicate whether the eNB intends to send downlink data to a second
group of UEs, and

wherem the paging indicators are mapped to the second group of UEs

according to bit indeses of the bitmap.

2. The apparatus according to claim 1, wherein the paging message
mchides the bitmap when a length of the bitmap 15 less than a combined length,
the combined length based on paging identifiers for a paging portion of the UEs

m the second group of UEs to which the oNB wtonds to sond downlink data.

3. The apparatus according to claim 2, wherein when the length of the
bitmap 1s not less than the combined length, the paging message excludes the

bitmap and further includes paging dentificrs for the paging pottion of the UKEs.

4. The apparatus according to claim 1, wherein:
the hardware processing circuitry is to further configure the transceiver
circoitry to receive, from a mobility management entity {MME}, paging

wdentificrs for the second group of UEs; and
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the hardware processing circuitry 1s configured to determine the mapping
of the paging indicators to the second group of UEs based at least partly on the

paging identifiers for the second group of UKs,

5. The apparates according to claim 4, the hardware processing circuitry
1o further configure the transceiver circutry (o

-eeeive, from the second group of UEs, support indicators for operation
according to the bitmap of paging indicators, and

transmit, 1o the MME, one or more requests for the paging identifiers for

the second group of UEs.

6. The apparatus according to claim 1, wherein:

the hardware processing circuitry is to further configure the transceiver
circuitry to receive, from the second group of UEs, support indicators for
operation accordmg to the bitmap of paging indicators, and

the hardware processing circuttry 1s configured to determine the mapping
of the paging mdicators to the sccond group of UEs based at least partly onthe

support mdicators.

7. The apparatus according to claim 6, wherein:

the support indicators are received in one or more radic resource control
(RRC) messages, and

the hardware processing circuitry 18 to further configure the transeciver
circuitry 1o transmit, to the second group of UEs, one or more RRC messages

that indicate the mappmng.

8. The apparatus according to claim 1, wherein the paging message is for
a transmission period during which the downlink data is to be sent to the first

group of UEs and to a paging portion of the second group of UEs.

9. The apparatus according to claim 1, wherein the paging message

exchides paging identifiers for the second group of UEs.
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16, The apparatus according to claim 1, wherem the paging identifiers
include a temporary mobile subscriber identity (TMSE) or an international

mobile subscriber identity (IMST).

5 11. The apparatos according to claim 1, wherein one or more UEs in the
second group of UEs are configured to operate according to a Machine Type

Communication (MTC) protocol.

12. The apparatus according to claim 1, wherein the first group of UEs
16 includes one or more legacy UEs and the second group of UEs includes one or

more non-legacy UEs,

13. The apparatus according to claim 1, wheremn the eNB and the first
and sccond groups of UEs are configured to operate in a Third Generation

15 Parnership Project (3GPP) network.

14. The apparatus according to claim |, the apparatus further comprising
one or more antennas coupled to the transcerver circuitry for the transmussion of
the paging message.

20

15. A non-transttory computer-readable storage medium that stores
mstructions for execution by one or more processors to perform operations for
paging by an Evolved Node-B {(eNB), the operations {o configure the one or
MOLE Processors 1o

25 recetve, from a first User Equipment (UEF), a radio resource control
{RRC) message that indicates whether the first UE supports usage of a bitmap of
paging indicators as part of the paging; and

transmit a paging message that includes the bitmap and further includes a
paging identifier for a second UE to be paged by the ¢eNB,

30 wherein bit indexes of the bitmap are mapped to a group of UEs,
wherein the paging indicators indicate whether UEs in the group of UEs

are to be paged by the ¢eNB, and
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wherein the group of UEs includes the first UE and excludes the second

16, The non-transitory computer-readable storage medium according to
claim 15, wherein the group of UEs includes the first UE when the first UE

supports the usage of the bitmap of paging indicators as part of the paging.

17. The non-transitory compuier-readable storage mediam according to
claim 15, wherein:

the operations further configure the one or more processors to determine
a combined length based on pagmg identifiers for a paging portion of the UEs in
the group of UEs that are to be paged by the eNB, and

the paging message includes the bitmap when the combined length is

greater than a predetermined threshold that 1s based on a length of the brtmap.

18. The non-transitory computer-readable storage mediam according to
claim 17, wherein when the combined length 1s not greater than the
predetermined threshold, the paging message excludes the bitmap and mcludes

paging wentifiers for the paging portion of the UEs.

19. The non-transitory computer-readable storage medium according fo
claim 15, the operations to further configure the one or more processors to:

receive, from a mobility management entity (MME), paging identifiers
for the group of UEs;

determine the mapping of the paging indicators to the group of UEs
based at least partly on the paging identifiers for the group of UEs; and

transmif one or more radio resouvrce control {RRC) messages to the group

of UEs to indicate the mapping.
20. An apparatus for a User Equipment (UE), the apparatus comprising

transceiver circuitry and hardware processing circuitry, the hardware processing

circuitry to configure the transceiver circuitry 1o
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receive, from an Evolved MNode-B (eNB}, a paging message for paging of
one or more UEs to which the eNB intends to send downlink data; and

when the UE is paged by the paging message, transmit one or more
random access messages for establishment of a downlink data connection with
the eNB,

wherein the paging message includes paging identificrs for af least a first
portion of the paged UEs,

wherein the paging message includes a bitmap of paging mdicators that
mdicate whether the eNB intends to send downlink data to a group of UEs
assigned to bit indexes of the bitmap, and

wherem at least a second portion of the paged UEs are ncluded n the

group of UEs assigned to the bit indexes of the bitmap.

21. The apparatus according to claim 20, whereuu

the paging message includes the bitmap of paging indicators when a
combined length of paging identifiers for the sccond portion of the paged UEs is
greater than a length of the bitmap,

the paging message further includes a bitmap usage ndicator of whether
the bitmap of paging indicators s included in the paging message, and

the hardware processing cireuitry is configured to deternune whether the
UE 1s paged by the pagmg message based at least partly on the bitmap usage

indicator.

22. The apparatus according to claim 20, wherein the UE s configured to

operate according to a Machine Type Communication (MTC) protocol.

23. The apparatus according to claimn 20, the apparatus further
comprising one or more antennas coupled to the transceiver circuitry for the
reception of the paging message and the transmission of the random access

messages.
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