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TECHNIQUES FOR PAGING IN EXTENDED DISCONTINUOUS RECEPTION

CROSS-REFERENCE TO RELATED APPLICATIONS

{0001] The present Application for Patent claims priority to U.S. Provisional Patent
Apphication No. 62/156,877, filed May 4, 2013, U.S. Provisional Patent Application No.
62/157,418, filed May 5, 2015, U.S. Provisional Patent Application No. 62/161,140,
filed May 13, 2015, and U.S. Provisional Patent Application No. 62/208,511, filed
Awgust 21, 2015, and U S, Patent Application No. 15/077,855, filed March 22, 20146,
all of which are assigned to the assignee of the present apphication and hereby expressly

meorporated by reference herein in their entirety.

Field of the Invention

[6002] Cortain aspects of the present disclosure generally relate to wircless
communications and, more particularlv, to techniques for paging devices operating with

extended discontinuous reception {(¢DRX).

Description of Related Art

{8603} Wireless commumication systems are widely deployed to provide various
types of communication content such as voice, data, and so on. These systermns may be
multiple-access systems capable of supporting conwnunication with multiple users by
sharing the available sysiem resources {¢.g., bandwidth and transmit power). Examples
of such multiple-access systems mchuide code division multple access (CDMA)
systems, time division maultiple access (TDMA) systems, frequency division multiple
access {(FDMA) svstems, 3rd Generation Partnership Project (3GPP) Long Term
Evolution (LTE) mehuding LTE-Advanced svstems and orthogonal frequency division

multiple access (OFDMA) systems.

[3004] Generally, a  wireless multiple-access  commumication  svstemn  can
simultancously support commumication for multiple wireless terminals. Each terminal
communicates with one or more base stations via transmissions on the forward and
reverse hinks. The forward link {or downlink} refers to the commanication link from the
base stations to the terminals, and the reverse hink {or uplink} refers tc the

comuntunication link from the terminals to the base stations. This commuucation link
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may be established via a single-mput single-output, multiple-input single-output or a

multiple-input multiple-cutput (MIMO) system.

[005] A wireless communication network may include a number of base stations
that can support communication for a number of wireless devices. Wireless devices
may inchide user equipments (UHs). Some cxamples of UEs may include cellular
phones, smart phones, personal digital assistants (PDAg), wireless modems, handheld
devices, tablets, laptop computers, netbooks, smartbooks, eltrabooks, gaming devices,
pavigation devices, wvirtval reality devices, wearable devices {eg., smart
glasses/goggies/heads-up displays, smart watch, smart wristband), etc. Some UEs may
be considered machine-type communication (MTC) UEs, which may mclude remote
devices, such ag sensors, meters, monitors, location tags, drones, trackers, robots, etc.,
that may communicate with a base station, another remote device, or some other entity,
Machine type commumnications (MTC) may refer to communication involving at least
one remote device on at least one end of the communication and may include forms of
data communication which mvolve one or more entitics that do not necessanly need
buman interaction. MTC UKEs mav include UEs that are capable of MTC
cornmunications with MTC servers and/or other MTC devices through Public Land

Maohile Networks (PLMN), for example.

HEEEY To mnprove performance of devices with mfrequent communications,

techniques for extended discontinuous reception are desired.

SUMMARY

G087 The systems, methods, and devices of the disclosure cach have several
aspects, no single one of which 1s solely responsibie for its desirable attnibutes. Without
lmiting the scope of this disclosure as expressed by the claims which follow, some
features will now be discussed briefly.  Afier considering this discussion, and
particularly afer reading the section entitled “Detalled Description” one will understand
how the features of this disclosure provide advantages that mclude improved

communications between access points and stations in a wireless network.

{6008] Cortain aspects of the present disclosure provide a method for wircless
communications by a base station (BS). The method generally mcludes determining at

least one paging hyper-frame for paging a wser equipment {(UE) based on an
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dentification (D) of the UE, the paging hvper-frame determined from a set of
periodically occurring hyvper-frames that cach span a number of radio frames, receiving
a request to page the UE, and transmitting a paging signal to the UE 1 at least one

subframe within a radio frame of the paging hyper-frame.

HEEL Certain aspects of the present disclosure provide a method for wircless
communications by a user equipment {UE). The method generally includes determining
at least one paging hyper-frame for monitoring for a paging signal from a base station
{BS} based on an identification (1D} of the UE, the paging hyper-frame determined from
a set of periodically occurning hyper-frames that each span a number of radio trames,
and monitoring for the paging signal in at least one subframe within a radio frame of the

paging hyper-frame.

{8014} Certain aspects of the present disclosare provide a method for wireless
communications by a network entity. The method generally includes determining at
lcast one paging hyper-frame for paging a wuser equipment (UE) based on an
wdentification (ID) of the UE, the paging hyper-frame determined from a set of
periodically occurring hyper-frames that each span a number of radic frames, and
requesting one or more base stations {B5s} to page the UE differently upon occurrence

of the paging hvper-frame than at other times.

[0011] Certain aspects of the present disclosure provide an apparatus for wireless
communications. The apparatus generally includes means for determining at least one
paging hyper-frame for paging a user equipment (UE) based on an identification (1D) of
the UE, the paging hyper-frame detemmined from a set of periedically occwrring hyper-
frames that each span a number of radio frames, means for receiving a request to page
the UE, and means for transmutting a paging signal to the UE in at least one subframe

within a radio frame of the paging hyper-frame.

[06012] Certain aspects of the present disclosure provide an apparatus for wireless
communications. The apparatus generally includes means for determining at [east one
paging hyper-frame for monttoring for a paging signal from a base station {BS) based
on an identification (1D} of a UE, the paging hyper-frame determined from a set of

periodically occurring hyper-frames that each span a number of radio frames, and means
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for monitoring for the paging signal in at least one subframe within a radio frame of the

paging hyper-frame.

[6013] Certain aspects of the present disclosure provide an apparatus for wireless
communications. The apparatus generally includes means for determining at least ong
paging hyper-frame for paging a user equipment {UE) based on an identification (1D) of
the UE, the paging hyper-frame detemined from a set of periodically occurning hyper-
frames that cach span a number of radio frames, and means for requesting one or more
base stations (BSs) to page the UE differently upon occurrence of the paging hyper-

frame than at other times.

[0614] Certain aspects of the present disclosure provide a base station {BS). The BS
generally ncludes at least one antenna and at least one processor configured io
determine at least one paging hyper-frame for paging a user equipment {UE) based on
an identification (D) of the UE, the paging hvper-frame determined from a set of
periodically occurring hyper-frames that cach span a number of radio frames, to receive
a request to page the UE, and to transmit a paging signal to the UE in at east one

subframe within a radio frame of the paging hyper-frame.

[8015] Certain aspects of the present disclosure provide a user equipment (UE). The
UE generally includes at least one antenna and at least one processor configured o
determine at least one paging hyper-frame for monitoring for a paging signal from a
base station (BS) based on an identification (ID) of the UK, the paging hyper-frame
determined from a set of periodically occurring hyvper-frames that each span a number
of radio frames, and to monitor for the paging signal in at least one subframe within a

radio frame of the paging hvper-frame.

[0016] Certain aspects of the present disclosure provide a network entity.  The
network entity generally includes at least one network mierface and a processor
configured to determine at least one paging hyper-frame for paging a user equipment
(UE) bascd on an identification (1D} of the UE, the paging hyper-frame deternined
from a set of periodically occurning hyper-frames that cach span a number of radio
frames, and to request one or more base stations {BS8s) to page the UE differently upon

ocourrence of the paging hyper-frame than at other times.
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{6617} Certain aspects of the present disclosure provide a computer readable
medium.  The computer readable medium gencrally inclodes mstructions  for
determining at least one paging hvper-frame for paging a user equipment (UE) based on
an identification (ID) of the UE, the paging hyper-frame determined from a set of
periodically occurring hyper-frames that cach span a number of radic frames,
mstructions for receiving a request to page the UE, and instructions for transmitting a
paging signal o the UE in at lcast one subframe within a radio frame of the paging

hyper-frame.

[018] Certain aspects of the present disclosure provide a computer readable
medium.  The computer readable mediom  generally includes instructions for
determining at least one paging hyper-frame for moniioring for a paging signal from a
base station (BS) based on an identification (ID) of a UE, the paging byper-frame
determined from a set of periodically occurring hyper-frames that cach span a number
of radio frames, and instructions for monttoring for the paging signal in at least one

subframe within a radio frame of the paging hyper-frame.

[6019] Cortain aspects of the present disclosure provide a computer readable
medium.  The computer readable mediwm geonerally meludes instructions  for
determuning at least one paging hyper-frame for paging a user equipment {UE) based on
an identification (IB) of the UE, the paging hyper-frame determined from a set of
periodically occurring hyper-frames that cach span a sumber of radio frames, and
mstructions for requesting one or more base stations {BSs} to page the UE differently

upon occurrence of the paging hyper-frame than at other times.

10024} Numerous other aspects are provided including methods, apparatus, svstems,

computer program products, and processing systems.

BRIEF DESCRIPTION OF THE DRAWINGS

{6621} 5o that the maoner in which the above-recited features of the present
disclosure can be understood in detail, a more particular description, briefly summarized
above, may be had by reference to aspects, some of which are illustrated in the
appended drawings. It is to be noted, however, that the appended drawings illustrate
only certain typical aspects of this disclosure and are therctore not to be considered

hmiting ot 1ts scope, tor the description may admit to other equally effective aspects.
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10022} FIG. 1 15 a block diagram conceptually illustrating an example of a wireless

communication network, in accordance with certain aspects of the present disclosure,

[6023] FIG. 2 shows a block diagram conceptually illustrating an example of a base
station in communication with a user equipment (UE) in a wircless communications

network, in accordance with certain aspects of the present disclosure.

{0624} FIG. 3 15 a block diagram conceptually illustrating an example of a frame
structure n a wireless communications network, in accordance with certain aspects of

the present disclosure.

[0025] FIG. 4 15 a block diagram conceptually illustrating two exemplary subframe
formats with the normal cyvclic prefix, in accordance with certain aspects of the present

disclosure.

{026] FIG. 5 ilustrates an exemplary timeline for eDRX, in accordance with

certain aspects of the present disclosure.

{8027} FIG. 6 illustrates cxemplary timelines of eNBs supporting UEs operating

with eDRX, in accordance with certain aspects of the present disclosure.

10628] FIG. 7 illustrates an cxemplary timeline of a mobility management entity
(MME) and e¢NBs operating with ¢eDRX, in accordance with certain aspects of the

present disclosure.

{029} FIG. 8 illustrates exemplary timelines for nomal {e.g., legacyy DRX UEs

and eDRX UEs, in accordance with certain aspects of the present disclosure.

18030} FIG. 9 illustrates exemplary operations that may be performed by a BS, in

accordance with certain aspects of the present disclosure.

0031} FIG. 10 illustrates exemplary operations that may be performed by a UE, i

accordance with certain aspects of the present disclosure,

{8032} FIG. 11 illustrates exemplary operations that may be performed by a network

entity, in accordance with certain aspects of the present disclosure.



WO 2016/178756 PCT/US2016/023685

16033} FIG. 12 illustrates exemplary timelines of ¢NBs supporting a UE operating

with eDRX| i accordance with certain aspects of the present disclosure.

{0034] FIG. 13 illustrates exemplary timelines of eNBs supporting a UE operating

with ¢DRX 1n accordance with certain aspects of the present disclosure.

{8035} FIG. 14 illustrates exemplary timelines of ¢NBs supporting a UE operating

with eDRX in accordance with certain aspects of the present disclosure.

BETAILED DESCRIPTION

[6036] Aspects of the present disclosure provide various technigues for extended
discontinuons reception (eDRX). eDRX s one of the enhancements to be introduced in
long term evolution (LTE} release 13 {(Rel 13). ¢DRX may enable significantly higher
power savings than what i1s possible in current DRX, especially for machine type
communications (MTC}) devices with low data activity. Legacy (e.g., current) DRX 13
constrained to the system frame number {(SFN) range, which s currently 0 to 1023 in
LTE. In current DRX, the maximum length of a DRX cycle 15 2.56 seconds, which
means a device must “wake up” (¢.g., activate a receiver) at least once every 2.56
seconds. According {o aspects of the present disclosure, devices (e.g., user equipments
{UEg), base stations (BSs) and other network entities) may operate to enable devices to
perform eDRX while not being constrained by the SFN range. For example, as will be
described n detail below, the techniques may be used by certain devices, such as MTC
devices and/or enhanced MTC {¢MTC} devices, to perform eDRX with cycle lengths of
forty mimutes or more, rather than being constrained to a maximuom cyele length of 2.56

seconds based on the SFN range, as in current DRX.

{6637] The techniques described herein may be used for wvarious wurcless
communication networks such as COMA, TDMA, FDMA, OFDMA, SC-FDMA and
other networks. The terms “network” and “system” are often used interchangeably. A
CDMA network may mplement a radio technology such as universal terrestrial radio
access (UTRA), cdma00, etc. UTRA includes wideband CDMA (WCDMA), time
division synchronous CDMA (TD-5CDMA), and other vanants of CDMA. ¢dmaZ000
covers [5-2000, 18-95 and 18-856 standards. A TDMA network may implement a radio
cchnology such as global system for mobile communications (GSM). An OFDMA

network may implement a radio technology such as evolved UTRA (E-UTRA), ultra



WO 2016/178756 PCT/US2016/023685

mobile broadband (UMB)}, IEEE 30211 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE
30220, Flash-OFDM®, etc. UTRA and E-UTRA are part of gmiversal mobile
telecommunication system (UMTS). 3GPP Long Term Evolution (LTE) and LTE-
Advanced (LTE-A}, in both frequency division duplex (FDD) and tme division duplex
{TDD), are new releases of UMTS that use E-UTRA, which emplovs OFDMA on the
downlink and SC-FDMA on the uplink. UTRA, E-UTRA, UMTS, LTE, LTE-A and
GSM are described in documents from an orgamization named “3rd Generation
Partnership Project” (3GPP). ¢dmaZ000 and UMB are descrbed m documents from an
organization named “3rd Generation Partnership Project 27 (3GPP2). The techniques
described herein may be used for the wireless networks and radio technoclogies
mentioned above as well as other wireless networks and radio techuologies. For clarity,
certain aspects of the technigques are described below for LTE/LTE-Advanced, and
LTE/LTE-Advanced terminology is used in much of the description below. LTE and
LTE-A are referred to generally as LTE.

3838} FIG. 1 dlustrates an example wireless commumication network 100, in which
aspects of the present disclosure may be practiced. For example, one or more signals
used for scarching for a cell and acquiring a cell may be transmitted by one or more BSs
i the wireless commumication network 100 to one or more UHs in the wireless
communication network 100, As will be described in more detail below, the techniques
presented herein may be used by the BS(s) and/or UE(s) to reduce the amount of time
associated with (UEs) performing cell acquisition based on the one or more signals. As
used herein, the term “cell acquisition” may be used to refer to scarching for a cell

and/or acquiring the cell {&.g., synchronizing to the celf).

{6639} The wircless communication network 100 may be an LTE network or some
other wireless network., Wireless communication network 1060 may include a number of
evolved NodeBs (eNBsy 110 and other network entities. An e¢NB 18 an entity that
communicates with user equipments (UEs) and may also be referred to as a base station,
a MNode B, an access point {(AP), ete. Each eNB may provide communication coverage
for a particular geographic area. In 3GPP, the torm “cell” can refer to a coverage arca of
an eNB and/or an ¢eNB subsystem serving this coverage arca, depending on the context

in which the term 1s used.
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{8044} An eNB may provide communication coverage for a macro cell, a pico cell,
a femto cell, and/or other types of cell. A macro cell may cover a relatively large
geographic arca {e.g., scveral kilometers in radius) and may allow unrestricted access by
UEs with service subscription. A pico cell may cover a relatively small geographic area
and mayv allow unrestricted access by UEs with service subscription. A femto cell may
cover a relatively small geographic area (¢.g., a home} and may allow restricted access
by UEs having association with the fomto cell (e.g., UEs in a closed subscriber group
{C8G)). An eNB for a macro cell may be referred to as a macro eNB. An eNB fora
pico cell may be referred to as a pico eNB. An eNB for a femio cell may be reforred to
as a3 fenvio eNB or a home eNB (HeNB). In the example shown in FIG. 1, an eNB 110a
may be a macro ¢NB for a macro cell 102a, an eNB 110b may be a pico ¢NB for a pico
cell 102b, and an eNB 110¢ may be a fomto eNB for a formto cell 102¢. An eNB may
support one or mudtiple (¢.g., three) cells. The terms “eNB”, “base station,” and “cell”

may be used interchangeably herein.

{0041} Wireless communication network 100 may also include relay stations. A
rclay station 15 an endity that can receive a transmission of data from an upstream station
(e.g., an ¢NB or a UE) and send a transmission of the data to a downstream station
{e.g..a UE or an eNB}. A relay station may also be a UE that can relay transmissions
for other UEs. In the example shown in FIG. 1, a relav (station) eNB 110d may
communicate with macro ¢eNB 1103 and a UE 120d in order to facilitate communication
between eNB 1102 and UE 120d. A relay station may also be referred to as a relay

eNB, a relay base station, a relay, ete.

6042} Wireless communication network 100 may be a heterogencous network that
mcludes eNBs of different tvpes, c.g., macro eNBs, pico cNBs, femto ¢NBs, relay
eNBs, etc. These different tvpes of eNBs may have different transmit power levels,
different coverage areas, and different impact on interference i wireless
communication network 100. For example, macro ¢NBs mayv have a high transmit
power level {e.g., 5 1o 40 W) whereas pico eNBs, fomto ¢NBs, and relay cNBs may

have lower transmut power levels (e.g., 0.1 to 2 W),

{6643} A network controfler 130 may couple to a set of eNBs and may provide
coordination and control for these eNBs. Network controller 130 may communicate

with the eNBs via a network interface to a backhaul, The eNBs may also communicate
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with one another, e.g., directly or indirectly via network interfaces to a wireless or

wireline backhaul.

[044] UEs 120 ¢e.g., 120a, 120b, 120c) may be dispersed throughout wireless
communication network 100, and cach UE may be stationary or mobile. A UE may
also be referred to as an access ternunal, a terminal, a mobile station (MS), a subscriber
unit, a station (STA}, etc. Examples of Uls may include a cellular phone, a personal
digital assistant (PDAY, a wireless modem, a wireless communication device, a
handheld device, a laptop computer, a cordless phone, a wirgless local loop (WLL)
station, a tablet, a smart phone, a netbook, a smartbook, an ultrabook, etc. InFiG. 1, a
solid line with double arrows indicates desired transmussions between a UE and a
serving ¢NB, which is an eNB designated to serve the UE on the downlink and/or
uplink. A dashed line with double arrows indicates potentially interfering transmissions

between a UE and an eNB.

[B045] One or more UEs 120 in the wireless commmumication network 100 (e.g.. an
LTE network) may also be low cost (L.C), low data rate devices, ¢.g., such as LC MTC
UEs, LC eMTC UEs, etc. The LT UEs may co-exist with legacy and/or advanced UEs
m the LTE network and may have one or morc capabilities that are limited when
compared to the other UEs {¢.g., non-LC UEs) in the wireless network. For example, in
LTE Rel-12, when compared to legacy and/or advanced UEs in the LTE network, the
LC UEs may operate with one or more of the following: a reduction in maxinnum
bandwidth (relative to legacy UEs), a single receive radio frequeney (RF} chain,
reduction of peak rate {e.g., a maximum of 1000 bits for a transport block size (TBS)
may be sapporied), reduction of transmit power, rank 1 transmission, half duplex
operation, etc. In some cases, if half duplex operation is supported, the LC UEs may
have a relaxed switching timing from transmit to receive {or from receive to transmit)
operations.  For example, m one case, compared to a switching timing of 20
microseconds {(us) for legacy and/or advanced UEs, the LC UEs may have a relaxed

switching timing of 1 millisecond (ms).

[0046] in some cases, the LC UEs (¢.g.. in LTE Rel-12) may also be able to monitor
downlink (DL} control channels in the same way as legacy and/or advanced UEs m the
LTE network monitor DL control channels. Release 12 MTC UEs may still monitor

dowanlink (DL} control channels in the same way as regular UEs, for example,
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monitoring for wideband control channels i the first few symbols (¢.g., physical
downlink control channel (PDCCH)) as well as narrowband control channels occupying
a relatively narrowband, but spanning a length of a subframe {(e.z., enhanced PDCCH

(cPDCCH)).

[06047] The wircless communication network 100, as an alternative or in addition to
supporting MTC operation, may support additional MTC enhancements {(¢.g., eMTC
operations}. For example, LC eMTC UEs (e.g., in LTE Rel-13) may be able to support
narrowband operation (¢.g., Hmited to a particular narrowband assignment of 1.4 MHz
or six resource biocks (RBs) partitioned out of the available system bandwidth) while
co-existing within a wider system bandwidth (e.g., at 1.4/3/5/10/15/20 MHz). The LC
«MTC UE may also be able to support ong or more coverage modes of operation. For

example, the L.C eMTC UE may be able to support coverage enhancements up to 15 dB.

{0048} As used herein, devices with hmited communication resources, such as MTC
devices, eMTC devices, cte. are referred to generally as LC UEs. Similardy, legacy
devices, such as legacy and/or advanced UEs (e.g., in LTE) are referred to generally as

non-LC UEs.

{6049} In some cases, a UE (c.g., LC UE or non-LC UE) may perform a cell search
and acquisition procedure before communicating in the network, In one case, with
reference to the LTE network illustrated in FIG. 1 as an example, the cell scarch and
acquisition procedure may be performed when the UE is not connected to a LTE celi
and wants to aceess the LTE network. In these cases, the UE may have just powered

on, restored a connection aficr toraporartly losing connection to the LTE cell, ete.

HE ! In other cases, the cell search and acquisition procedure may be performed
when the UE 1s alrcadyv connected to a LTE cell. For example, the UE may bave
detected a new LTE cell and may prepare a handover to the new cell.  As another
example, the UE may be operating in ong or more low power states {¢.g., may support
discontinuous reception (DRX)) and, upon exiting the one or more low power states,
may have to perform the cell search and acquisition procedure (even though the UE 13

stifl m connected mode).
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0051} FIG. 2 1s a block diagram of a design of BS/eNB 110 and UE 120, which
may be one of the BSs/eNBs 110 and one of the UEs 120, respectively, in FIG. 1. BS
110 may be equipped with 7' antennas 234a through 234t, and UE 120 may be equipped

with R antennas 252a through 252r, where in general 721 and R 21

{6652} At BS 110, a transmut processor 220 may receive data from a data source
212 for one or more UEs, select ong or more modulation and coding schemes (MCSs)
for cach UE based on channel quality indicators (CQls) received from the UE, process
{e.g.. encode and modulate) the data for each UE based on the MCS(s) selected for the
UE, and provide data symbols for all UEs. Transnut processor 220 may also process
system information {(¢.g., for semi~static resource partitioning nformation {(SRPI), eic.)
and control information (e.g., CQI requests, grants, upper layer signaling, etc.} and
provide overhead symbols and control symbols.  Processor 220 may also gencrate
reference symbols for reference signals {e.g., the common reference signal (CRS)) and
synchronization signals {c.g., the primary synchronization signal (PSS) and secondary
synchronization signal (S58Y). A transmit {TX) mudtiple-input mmdtiple-output (MIMO)
processor 230 may perform spatial processing {¢.2., precoding) on the data symbols, the
control symbols, the overhead symbols, and/or the reference symbols, 1f applicable, and
may provide 7 output symbol streams to 7 modulators (MODs} 232a throagh 232t
Each MOD 232 may process a respective outpuat symbol stream {e.g., for OFDM, ¢tc.}
to obtain an cutput sample stream. Each MOD 232 may further process {¢.g., convert to
analog, amplity, filter, and upconvert) the output sample stream to obtain a downlink
signal. 7 downlink signals from modulators 232a through 232t may be transmitted via

7 antennas 234a through 234t, respectively.

{8653] At UE 120, antennas 252a through 252r may receive the downlink signals
from BS 110 and/or other BSs and may provide received signals to demodulators
(DEMODs) 254a through 234y, respectively. Hach DEMOD 254 may condition {e.g.,
filter, amplify, downconvert, and digitize} 1is received signal to obtain nput samples.
Each DEMOD 254 may further process the input samples (e.g., for OFDM, ctc.) to
obtain reccived symbols. A MIMO detector 2536 may obtain received symbols from all
R demodulators 254a through 254, perform MIMO detection on the recetved symbols
if applicable, and provide detected symbols. A receive processor 238 may process

{c.g., demodulate and decode) the detected svmbols, provide decoded data for UE 120
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to a data sink 260, and provide decoded control information and system information {0 a
controller/processor 280, A channel processor may determune reference signal received
power (RSRP), recetved signal strength indicator (RS8SI), reference signal received

quality (RSRQ), CQI, etc.

[0654] On the uplink, at UE 120, a transmit processor 264 may receive and process
data from a data source 262 and control information {e.g., for reports comprising RSRP,
RSSE RSRQ, CQI, etc) from controller/processor 280, Processor 264 may also
generate refercnce symbols for one or more reference signals. The symbols from
transmit processor 264 may be precoded by a TX MIMO processor 266 1f applicable,
further processed by MODs 254a through 254r {¢.g., for SC-FDM, OFDM, etc), and
transmitted to BS 110, At BS 110, the uplink signals from UE 120 and other UEs may
be received by antennas 234, processed by DEMODs 232, detected by a MIMO detector
236 1f applicable, and further processed by a receive processor 238 to obtain decoded
data and control information sent by UE 120, Processor 238 may provide the decoded
data to a data sink 239 and the decoded control information to countroller/processor 240,
BS 110 may include communication unit 244 and communicate to network controller
130 via communication unit 244, Network controller 130 may melude communication

unit 294, controller/processor 290, and memory 292

[8055] Controllers/processors 240 and 280 may direct the operation at BS 110 and
UE 120, respectively. For example, controlier/processor 240 and/or other processors
and modules at BS 110 may perform or direct operations 900 illustrated in FIG. 9 and/or
other processes for the techmiques described herem. Similarly, controller/processor 280
and/or other processors and modules at UE 120 may perform or direct operations 1000
tHustrated 10 FIG. 10 and/or processes for the techniques described herein. Meniories
242 and 282 may store data and program codes for BS 110 and UE 120, respectively. A

scheduler 246 may schedule UEs for data transmission on the downhbink and/or uplink.

[B056] FIG. 3 shows an exemplary frame structure 300 for FDD m LTE. The
transmission timeline for cach of the downlink and uphink may be partitioned into voits
of radio frames. Each radio frame may have a predeternmined duration {(e.g., 10 ms}) and
may be partitioned into 10 subframes with indices of 0 through 9. Each subframe may
mehude two slots. Each radio frame may thus include 20 slots with indices of § through

19, Each slot may mclade 7 symbol periods, e.g., seven symbol periods for a normal
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cychic prefix (as shown in FIG. 3) or six symbol periods for an extended cyclhic prefix.

The 27 symbol periods in cach subframe may be assigned indices of 0 through 271

[B057] In LTE, an oeNB may transmit a primary svachronization signal (P55) and a
secondary synchronization signal {5855} on the downlink in the center 1.08 MHz of the
system bandwidth for cach cell supported by the eNB. The PSS and 58S may be
transmutted in symbol periods 6 and 3, respectively, in subframes 0 and 5 of each radio
frame with the normal cyclic prefix, as shown in FIG. 3. The PSS and $88 may be used
by UEs for cell scarch and acquisition. For example, the PSS may provide the UE with
mformation regarding the physical laver identity (¢.g., 0 to 2), which may dentify
which of three groups of physical layer cell identifies a LTE cell may belong. The PSS
may also be used by the UE in symbol timing detection, frequency offset detection, etc.
The S88 may provide the UE with information regarding the physical layer cell identity
group number {c.g., 0 to 167) and mayv be used by the UE for radio frame timing
detection, cyclic prefix length detection, time division daplexing (TDDY frequency

division duplexing (FDD) detection, cic.

HEESRY With the physical layer identity {e.g., from P5S) and the physical layer cell
dentity group number {e.g., from 885}, the UE may determine the physical layer cell
dentify (PCI) for a given cell. Ounce the UE knows the PCI for a given cell, as
described below, the UE may know the location of reference signals transmuitted from
the cell and may be able to receive and decode system mformation {e.g., used for

acquiring the coll) transmitted from the cell.

{06659] The eNB may transmit a cell-specific reference signal (CRS) across the
system bandwidth for each cell supporied by the ¢eNB. The CURS may be transmitted in
certain symbol periods of cach subframe and may be used by the UEs to perform
channel estimation, channel quality measurement, and/or other functions. The eNB may
also transmit a physical broadcast channel (PBCH) in symbol periods 0 to 3 i slot 1 of

certamn radio frames.

{8664} The PBCH may carry some svstem mformation (e.g., the master information
block (MIB)} that, in general, may be used by UEs for mitial access to the cell, and the
ke, For example, the PBCH may carry information regarding system bandwidth,

number of transmit antennas, svstem frame pumber, cte. The ¢cNB may also transmit
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other system mformation such as system mformation blocks (S8IBs) on a physical
downlink shared channel (PDSCH} in certain sobframes. The eNB may transmit
control information/data on a physical downlink control channel (PDCCH) in the first #
symbol perods of a subframe, where 8 may be configurable for cach subframe. The
eNB may transmit traffic data and/or other data on the PDSCH m the remaiming symbol

periods of cach subframe.

{6061} The P8S, 858, CRS, and PBCH in LTE are described in 3GPP TS 36.211,
entitled "Evolved Universal Terrestrial Radic Access {(E-UTRA); Physical Channels and

Modulation,” which is publicly available.

[06062] FIG. 4 shows two example subframe formats 410 and 420 for the downlink
with a normal cyclic prefix. The available time frequency resources for the downhink
may be partitioned into resource blocks. Each resource block may cover 12 subcarmers
in one slot and may include a number of resource elements. Each resource element may
cover one subcarrier 1 one symbol period and may be used to send one modulation

symbol, which may be a real or complex value.

{6663} Subframe format 410 may be used for an ¢eNB equipped with two antennas.
A CRS may be transmitted from antennas 0 and 1 in symbol periods 0, 4, 7, and 11. A
reference signal is a signal that is known ¢ priori by a transmitter and a receiver and
may also be referred to as pilot. A CRS is a reference signal that is specific for a celi,
¢.g., generated based on a cell wdentity (ID). In FIG. 4, for a given resource element
with Iabel Ra, a modulation symbol may be transmitted on that resource element from
anteona a, and no modulation symbols mav be transmitted on that resource clement
from other antennas. Subframe format 420 may be used for an ¢NB equipped with four
antennas. A CRS may be transmitted from antennas 0 and 1 i symbol perieds (0, 4, 7,
and 11 and from antennas 2 and 3 in symbol periods 1 and 8. For both subframe
formats 410 and 420, a CRS may be transnutted on evenly spaced subcarriers, which
may be determined based on cell ID. Different ¢eNBs may transmit their CRSs on the
same or different subcarricrs, depending on their cell IBs. For both sabframe formats
410 and 420, resource clements not used for the CRS may be used to transnut data

{c.g., traffic data, control data, and/or other data).
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0064} An mterlace structure may be used for cach of the downlink and uplink for
FDD in LTE. For example, O interlaces with indices of 0 through -1 may be defined,
where { may be equal to 4, 6, 8, 10, or some other value. Fach interlace may include
subframes that are spaced apart by @ frames. In particular, mterlace g may include

subframes ¢, g+, ¢+20, etc., where g e ©.... 0 -1}
d. 41T, 4 Z g €W, ¢ 3

[06065] The wircless network may suppoit hvbrid automatic retransmission request
{(HARQ) for data transmigsion on the downlink and uplink. For HARQ, a transmuiter
{c.g., an eNB) may send one or more transmussions of a packet until the packet s
decoded correctly by a receiver {e.g.. a UE) or some other ternunation condition is
encountered.  For synchronous HARQ, all transnussions of the packet may be sent
subframes of a single interlace. For asynchronous HARQ, cach transmission of the

packet may be sent in any subframe.

8066} A UE may be located within the coverage of multipie eNBs. One of these
¢NBs may be selected 1o serve the UE. The serving ¢eNB may be selected based on
various criteria such as received signal strength, received signal quality, pathloss, ete.
Received signal guality may be quantified by a signal-to-noise-and-interference ratio
{(SINR}, or a reference signal received quality (RSRQ), or some other metric. The UE
may operate in a dominant interference scenario in which the UE may observe high

mterference from one or more interfering eNBs.

[6067] As mentioned above, one or more UEs in the wireless communication
network (e.g., wireless communication network 100} may be devices that have himuted
communication resources, such as LC UEs, as compared to other (non-L{C} devices in
the wireless communication network. For example, as noted above, The LC UE may be
a Iink budget hmited device and may operate i different modes of operation {e.g.
entaling different amounts of repeated messages transmitted to or from the LC UE)
based on its link budget imitation. For example, in some cases, the LC UE may operate
in a normal coverage mode in which there 1s little to no repetition (e.g., the amount of
repetition needed for the UE to successfully receive and/or transmit a message may be
low or repetiion may not even be needed). Alternatively, mn some cases, the LC UE

may operate in a coverage enhancoment (CE) mode in which there may be high
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amounts of repetition. Further, in some cases, non-LC UEs may also be able to support

the CE mode.

EXAMPLE PAGING IN EXTENDED DISCONTINUOUS RECEPTION

[0068] As mentioned above, one or more technigues presented hercin may be used
by one or more BSs, network devices, and UEs (eg., MTC UEs) in performing
extended discontinuous reception (eDRX}. The one or more techniques presented
herein mav improve rehiability of paging operations for UEs performing eDRX. The
one or more fechniques may also improve utilization of transnussion resources in a
wireless communication network, for example, by preventing unnecessary repetition of

paging signals to a UE.

8069} In legacy DRX, each eNB assigns a paging occasion to a device independent
of the paging occasion that another ¢NB assigns to that device. Thus, a device operating
using legacy DRX that relocates to a new cell may be assigned a new paging occasion
by the new cell. The assignment of the new paging occasion may caose a UE to miss
pages from the network for several DRX cycles.  For example, a network may
deternune to page a UE and send page commands to all of the eNBs serving the tracking
arca where the UE was last located. Stll in the example, the UE may leave a first cell
served by a first eNB before the paging occasion for the UE in the first cell, and the UE
may arrive in a second cell served by a second eNB after the paging occasion for the UE
mn the second cell. Thus, the UE misses pages for more than one DRX cycie in the
example just due to the UE’s movement, and the UE can nuss pages for more DRX
cycles if the UE moves into a third cell. Because the longest legacy DRX cycle 15 2.56
seconds, a device operating using legacy DRX may nuss pages for several seconds due

to the device relocating.

{0070} As mentioned above, cDRX may allow a UE 1o be in a slcep mode, wherein
recetvers and other systems of the UE are inactive and unpowered, for cycles lasting
several (e.g., as many as forty) minutes. I a UE is inactive for several minutes between
active periods, the importance of reliability of paging the UE is increased, as the

opportunities for paging the UE occur infrequently compared to legacy devices.

{0071} When a UE is operating in ¢DRX, the UE may relocate to a different cell

while the UE 1s tnactive. For example, an MTC UE may be carned in an automobile
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{c.g., as part of a system to gather data on the operation of the automobile), and the
automobile may be driven from a cell to another cell while the MTC UE is m a sleep
cvele. An MTC UE operating in ¢ DRX may traverse several cells while in a sleep mode
without being in contact with any of the traversed cells.  As described above, a UE
operating in legacy DRX may miss pages for several DRX cvcles when the UE
relocated to a new cell. If an MTC UE operating in eDRX is assigned a new paging
opportumity by cach ¢NB that serves a cell in which the MTC UE is located (c.g..
similar to legacy DRX), then the MTC UE may miss pages for several eDRX cycles.
However, a device operating using eDRX that relocates to a new cell and misses pages
for several eDRX cycles may not be reachable by the network for an hour or more.
Aspects of the present disclosure provide techmiques that may prevent a device

operating using eDRX from missing pages for several eDRX cycles when relocating.

{8672} According to aspects of the present disclosure, a wireless communication
system may mdex gach cycle of 1024 radio frames {¢.g., an SFN cycle} with a hyper
SFN (H-5FN). The H-5FN may, for example, have a range of 0 through 255 {e.g., the
range of cight-bit binary numbers). eNBs of a wireless communication svstem may

broadcast the H-SFN in a system information block {(51IB).

{6673} According to aspects of the present disclosure, a wireless communication
system may assign one or more paging hvper-frames (PHs) to a UE operating using
¢DRX. The wireless communication system may assign an eDRX peniod {eg, T-
¢DRX) 1o a device operating using ¢cDRX, and the device and wireless communication
gystern may determine PHs of the device based on an assigned PH and the eDRX period

assigned to the device.

{6674} FIG. 5 iHustrates an exemplary timeling 500 for ¢eDRX. In the exemplary
timeline, an H-SFN for a BS {c.g., eNB 110a shown in FIG. 1) starts at O at 502, and
mereases up to a maximum value (e.g., 2555 at 504, At 506, the H-SFN starts over at 0
again. A first PH for a device 1s ilustrated at 508, A second PH for a device occurs
T eDRX later, at 510. The frames included in the first PH are illustrated at 512, Each
hyper-frame includes 1024 frames, with SFNs ranging from 0 through 1023, As
tHustrated, ecach PH includes one or more paging frames (PFs) 514, 516, 518. The PFs
are determined according to legacy standards for DRX, such as 3GPP TS 36321, As
tHustrated, the first PF 514 1n a PH occurs at SFN Y, which is assigned by the eNB
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serving the UE, and N, additional PFs 516, 518 occur at intervals of the normal DRX
cvele length {c.g, T BRX), according to the legacy {c.g., normal) DRX cycle. N.isa
number of DRX cycles after a first PF that a UE 1s to monitor for pages during one PH,
and may, for example, be configured on the UE by a serving ¢NB of the UE when the
eNB is configaring the UE to perform eDRX. During cach PF, at least one paging

opportunity (PO} 320 occurs in at least ong subframe.

{8075} The normal DRX eycle length, T DRX| may be configured ona UE by a BS
psing non-access stratum (NAS) or radic rescurce comtrol (RRC) signaling.
Additionally or alternatively, a UE can be configured with a timer of duration 7. A UE
configured with such a timer wakes up (e.g., activates a receiver) at the begmning of the

first PF and remains active unti] the expiration of the timer.

{6676} In order to mprove the reliability of paging of a UE operating with ¢DRX, a
network entity (¢.g., a mobility management entity (MME})) may trigger multiple page
transmissions by an ¢NB when the network entity deternunes to page the UE. As
tlustrated in FIG. 5, a network entity may trigger an ¢NB to page a UE at PFs Y,

Y+T DRX, and Y+2T DRX, otc.

{8677} According to aspects of the present disclosure, a UE operating with ¢DRX
may decide to monitor only a subset of the NV, PFs during a DRX cvcle. For example, a
UE may monttor the first PF of N, PFs during a DRX cycle, and if the UE does not
receive a page, then the UE decides to retum to sleep mode and not monitor other PFs
of the DRX cycle. The UE may decide to not monitor PFs based on obtaining an
mdication that the UE’s serving cell will not page the UE during the PFs that the UE
will not monitor. For example, a UE may determine a signal quality metric {¢c.g.,
measure a signal to noise ratio) of the UE’s serving cell when the UE wakes up during a
PH. In the example, the UE determines that the signal quality metnic indicates that the
UE is in a position where the UE can receive signals from the cell without difficuity,
and the UE did not receive a page. Still n the example, because the eNB 1s informed
that the UE s operating with ¢eDRX | the eNB will page the UE during cach of the PFs
during a PH. Sull in the example, the UE 1s programmed to return to sleep mode after
the first PF if the UE does not detect a page when the signal quality metric of the cell is
better than or equal to a threshold value, because if the eNB is paging the UE, the UE

will have detected the page in the first PF (duc to the good signal quality).
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{6678} According to aspects of the present disclosure, a UE may consider whether
the UE has recently selected or resclected to a new cell when deciding whether to
monitor a subset of the N, PFs during a DRX cycle. If a UE has recently selected or
reselected to a new cell, then the UE may have recently moved to a new location and
may still be in motion. The UE may decide to monitor more than one of the &, PFs
during a DRX cvele if the UE has recently selected or reselected to a new cell, because
the mobility of the UE may cause the UE to miss a page {(c.g., duc to transient
mterference related to the mobility of the UE) while the measured signal quality metric

is better than the threshold value, as described above.

[6079] According to aspects of the present disclosure, a network entity (e.g., an
MME) triggening multiple page transmissions from one or more ¢NBs to a UE may
cancel some page transmissions, if the paged UE contacts the network entity before all

of the page transmissions have been transmitted.

{0080] According to aspects of the present disclosure, a UE operating with ¢DRX
determines the system information modification boundary based on the ¢DRX cycle,
whether the UE is paged on the eDBRX PF or the legacy PF {(e.g., if the UE awakens
because the UE has data to transmit and receives a page during a legacy PF). A svstem
mformation modification boundary determines a time period that a UE remains active
and histening to broadcasts from a serving cell in order to receive updates to the sysiem
mformation of the cell. A UE operating with eDRX computes the system information
modification boundary for the ccll based on the eDRX cvcle, and does not compute a
gystern mformation modification boundary based on a legacy DRX cycle, even if the

UE recetves a legacy DRX page.

{6081} According to aspects of the present disclosure, ¢NBs within a tracking area
may roughly align their H-5FN indices with each other. The eNBs may align their H-
SEN indices with cach other by cach ¢NB initializing their H-SFN index at a particular
time of day, as defined by a global clock, or other time reference. By roughly aligning
the H-SFN indices within a tracking area, paging of a UE operating with ¢BRX may be
more predictable, as all of the ¢eNBs should transmit pages {(e.g., pages requested by an
MME) to a UE within a short {e.g., twice the length of a hyper-frame) period of time of

cach other. In addition, rough alignment of the H-5FN indices of ¢NBs m a tracking
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arca allows a network entity to delay issuing a pagimg request for a UE until near the

beginning of the PH for the UE.

{0082} FIG. 6 illustrates exemplary timelines 600, of eNBs located within one
tracking area. As illustrated, eNB1 imitializes its H-SFN index af time 602, ¢NB3
mitializes s H-SFN index shightly later at time 606, and ¢NB2 mitializes s H-SFN
mdex later still at time 604. Each of the eNBs initializes their H-SFN indices at the
beginning of the first frame with SFEN mdex 0 occurring after midnight (00:00 AM])
local time. Because cach eNB initializes its H-SFN index at nearly the same time, the
PH X for a particular UE occurs in all three eNBs within a short window, referred to as
a paging response window 608, The paging response window has a length equal to
twice the length of a hyper-frame, because all of the eNBs initialize their H-SFN indices

at roughly the same time.

{0083} According to aspects of the present disclosure, a network entity {(c.g., an
MME) mayv improve the network entity’s paging stratcgy, based on the occurrence of
paging hyvper-frames for a UE. For example, a network entity may delay issuing pages
for a particular UE until shortly (e.g., less than twenty milliseconds) before the
beginning of a paging response window for the UE. As a second examplc of improving
a paging strategy, a network enfity may wait until occurrence of a paging response
window for a UE before requesting a page retransmission to the UE when the UE does
not respond to a page. In a third example of improving a paging strategy, a network
entity may perform more frequent paging during a paging response window of a UE,
and less frequent paging outside the paging response window of the UE. That is, a
network entity may perform legacy-type paging, wherein the network entity waits for
the end of a DRX cycle of 3 UE before 1ssuing a paging retransmission request for the
UE, outside of the paging response window for the UE, and the network may perform
more frequent paging, wherein the network entity waits for less than the length of a
DBRX ¢ycle before issuing a paging retransmission request for the UE, inside the paging

response window for the UE.

10084} FIG. 7 1s an cxemplary call flow 700 of an MME 702, an eNB1 720, and an
eNB2 740 acting to communicate with a UE operating with eBRX, according to aspects
of the present disclosure. The two eNBs 720, 740 may both be in a single tracking area

T. While the exemplary call flow is ulustrated with an MME 702, other types of



WO 2016/178756 PCT/US2016/023685

22

network controllers {e.g., network controlier 130 shown m FIG. 1) may perform similar
operations, according to aspects of the present disclosure.  Also, while the exemplary
call tiow 15 ilustrated with two eNBs 720, 740, other numbers of eNBs may be involved
m communicating with a UE operating with eDRX. ¢NB 110a shown in FIG. 1 may be
an example of an eNB that may perform as shown in the exemplary call flow. eNBi
726 may operate according to the timeline beginning at 602 shown in FIG. 6, and
simatlarlv eNB2 740 may operate according to the timeline beginning at 604 shown in

FIG. 6.

[085] At 704, the MME 702 receives data for a UE with dentification (ID} UEI
{not shown} and deternunes o page UEL. The MME 702 may determine that UET is
operating with eDRX and is located within a tracking arca T as part of determining to
page UEL. The MME 702 may deternudne that UEL is operating with ¢DRX and is

located within tracking area T by referring to a database of UEs served by the network,

[0086] At time 706, the MME 702 sends a paging request {(i.c., paging request 1 and
paging request 2) to page UE1 to each of the ¢NBs serving cells within tracking area T.
in the exemplary call flow, two eNBs, eNB1 720 and eNB2 740 serve tracking area T.
The paging requests (i.¢., paging request 1 and paging request 2) include the 1D (UET)
of the UE to be paged.

{0087] At 722, eNBI 720 receives paging request 1, and determines when the
paging hyper-frame (PH) for UE! will begin, based on the ID of UEL At 722, ¢NBi
720 determines that a PH for UE] is not currently occurring, and queues a page P1 for
UEL in response to paging request 1. Similarly, at 742, eNB2 740 receives paging
request 2, determines when the PH for UED will begin based on the ID of UEL

determines that a PH for UE] is not currently occurring, and queuves a page P2 for UEL

{088} Afier some time has passed, at 708 the MME 702 determunes that a paging
response window for UEL such as the paging response window beginning at 608 in
FIG 6, is beginning. As described above, the MME 702 may determine to perform
more frequent paging of UE! during the paging response window for UEL. For
example, UE] mav operate with a normal BRX cyele length of 64 frames {(c.g., 0.64
seconds), for example, during a paging hyper-frame {see, ¢.g., FIG. 5}, and the MME

702 may determine to send a paging request for UE] twice per cach normal DRX cycle
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fength {¢.g., once per 32 frames), instead of sending a paging reqguest tor UED and
walting for the length of the DRX cycle (64 frames) before sending a next paging
request for UEL. At time 710, the MME 702 sends paging request 3 to eNB1 720 and
paging request 4 to eNB2 740

{06089] At 724, eNB1 720 determines that a PH for UE1 begins at time 762, cNBI
720 also queues a page P3 for UE] m response to paging request 3. Similarly, at 744,

eNB2 740 gueues a page P4 for UE] in response to paging request 4.

[0090] At time 712, the MME 702 sends paging request 5 to eNB1 720 and paging
request 6 to eNB2 740, according to the earlier determination {at 708} to perform more

frequent paging of UET during the paging response window for UEL

{8091} e¢NB1 720 transmits the page Pl during a first paging frame (PF) of the PH
of UEL at 726. ¢NB1 720 also queucs page P35 for UE! i response 10 receiving paging

request 5.

16092} At 746, eNB2 740 determines that a PH for UET has begun. eNB2 740 also
queues page PO in response to receiving paging request 6. The PH of UEL in a cell
served by eNBZ may start at a different time than the PH of UEL 1 a cell served by
cNB1 because the times at which cach ¢NB starts counting hyper-frames from H-SFN ¢

may vary, as shown in timelines 600 FIG. 6.

{0093] At time 714, the MME 702 sends paging request 7 to ¢eNBI 720 and paging
request 8 to eNB2 740, according to the carhier determination (at 708) to perform more

frequent paging of UET during the paging response window for UEL

0094} At 728, eNB1 720 transmits page P3 m a second PF of the PH for UEL

eNB1 720 also queues page P7 for UE] in response to receiving paging request 7.

{8095} At 748, eNB2 740 transmits page P2 in a first PF of the PH of UE1l. The
first PF of the PH of UE1 in the cell served by ¢NB2 740 may occur at a different time
than the first PF of the PH of UEL m the cell served by eNBI 720 (see 726, above)
because the times at which cach eNB starts counting hyper-frames from H-SFN 0 may

vary, as shown in timelines 600 i FIG. 6.
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{06096} At 730, eNBI1 720 receives a response to page P3 from UEL eNB1 720

reports the response to the MME 702 shortly thereafter, at time 732,

[0097] At 716, m regponse to receiving the report of the response of UEL fiom
eNB1 720, the MME 702 may deternine o cancel pages for UET and to send the data
for UET to eNB1 720 for delivery to UE1. At 718, the MME 702 may send the data for
UE! and commands to cancel pages P5 and P7 to eNB1 720, Also at 718, the MME

702 may send commands 1o cancel pages P4, P6, and P8 to eNB2 740,

{0098 According to aspects of the present disclosure, an eNB may determine to
transmit systen information updates based on sysiem information modification
boundaries of UEs served by the cNB. As mentioned above, UEs operating with e BRX
may determine their svstem information modification boundaries based on the ¢DRX
cyele assigned to the UEs. An eNB may determine to perform and transmit system
mformation modifications based on when served UEs will be in paging response
windows, so the cNB can page the UEs and wake the UEs up to receive the system
mformation modifications. According to aspects of the present disclosure, the system
mformation modification period boundaries are defined by SFN values for which SFN

mod m = 0, where m is the number of radio frames comprising the modification period.

{86099} When ¢DRX UEs and normal {e.g.. legacy) DRX UEs are camped on a cell,
the default DRX cyeles of the eDRX UEs and normal DRX UEs are differcunt.
According to aspects of the present disclosure, a separate broadcast control channel
(BCCH) modification period may be broadcast for eDRX UEs. A first techmigue for
broadcasting a separatc BCCH modification period for ¢DRX UEs is for an ¢NB to
signal separate values for eDRX UHs.  The separate values may comprise a
modification time period, T mod eDRX| and a number of modification time periods,
K eDRX to remain awake to receive system modifications via BCCH. Then the
BCCH modification time period for eDRX may be computed {e.g., by a UE and/or an
eNB} as BCCH modif period =T mod eDRX - K_eDRX.

[86106] A second technigue for broadcasting a separate BCCH modification penod
for eBRX UEs is for an ¢NB to signal a new parameter € eDRX to modify the normal
DRX parameters T mod and K. Then the BCCH modification time period for ePRX

may be computed {¢.g., by a UE and/or an ¢NB}) as
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BCCH_modif period =C _eDRX - (T mod - K}
e.g., BCCH modif period=C ¢DRX - (BCCH modif period for normal DRX).

{00101} According to aspects of the present disclosure, modification period
boundaries for ¢eDRX UEs may be aligned with modification period boundaries of
normal (e.g., legacyy DRX UEs. The BCCH modification period for cDRX UEs may be
constrained to be integral multiples of the BCCH modification period of nommal {e.g.,
legacy) DRX UHs. When using this technique, an ¢NB may cosure that any svstem
mformation change that could mmpact both normal {e.g., legacyy BRX UEs and eDRX
UESs is only scheduled at the aligned boundaries for the normal {¢ g, legacy) DRX UEs

and the eDRX UEs.

1861021  In some cases, changes to system information parameters are time critical for
normal DRX UEs, while baving minimal or no affect on the operation of ¢DRX UKs.
That 1s, for certaim system information parameters, changes to the parameters should be
made as soon as possible to support efficient operation of normal DRX UEs, while
having munimal or no impact on ¢PDRX UEs. For these system mformation parameters,
an ¢NB operating with ¢DRX UEs and normal (e g., legacy) DRX UEs may update the
parameters without waiting {(e.g., as previously described) for an ¢DRX UE BCCH
modification pericd. The eNB may modify the system nformation parameters at a
normal DRX UE BCCH modification boundary, so that normal DRX UEs can be paged
to acquire the updated system information. The paged UEs then wake up and acquire
{e.g., recetve 1 a system information block (SIB)) the updated system information, as

previously described.

{86103}  According to aspects of the present disclosure, an ¢NB may indicate in a
paging message to an ¢DRX UE that the eNB has updated svstem information {c.g.,
gystern information parameters). An ¢DRX UE receiving a page indicating that the ¢NB
has updated system information may wake vp and begin attempts to acquire the system
mformation. An ¢NB may indicate the ¢NB has updated system information in a paging
message when the eNB has updated svstem mformation without waiting for an ¢DRX
BCCH modification boundary, as described above. By updating system information
without waiting for an e¢DRX BCCH modification boundary, the eNB may more
cfficiently support normal {c.g., legacy) DRX UEs.
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[00104]  FIG. 8 illustrates exemplary timelines 800 for normal (e.g., legacy) DRX
UEs and ¢eBRX UEs. The timeline 802 is for normal {¢.g., legacy) DRX UEs, while the
timeline 804 is for eDRX UEs. As illustrated, system information modifications that
could impact both the normal DRX UEs and the eDRX UEs are scheduled by the eNB

at one of the aligned boundaries 806, 808,

[86105] FIG. 9 ilustrates exemplary operations that may be performed by a BS (e.g.,
BS 110} to operate with UEs performing ¢DRX as described above, according to certain

aspects of the present disclosure.

{00186] Al block 902, the BS detcrmines at least one paging hyper-frame for paging
a user equipment {UE) based on an identification (ID3) of the UE, the paging hyper-
frame determined from a set of penodically occurring hyper-frames that each spans a
number of radio frames. At block 904, the BS receives a request {e.g., from an MME)
to page the UE. At block 906, the BS transmits a paging signal to the UE in at least one

subframe within a radio frame of the paging hyper-frame.

{00197} According to aspects of the present disclosure, the BS may determine the
paging hyper-frame based on a period for ¢DRX of the UE. In some aspects of the
present disclosure, transmitting the paging signal in at least one subframe of a paging
hyper-frame comprises transnitting a paging signal in a plurality of radio frames of the
paging hyper-frame, the plurality of radio frames deternuned based on the period for a

legacy DRX.

[86108]  According to aspects of the present disclosure, paging hyper-frames for a UE
are mdependent of a base station on which the UE s camping, at least within a tracking
area. That i1s, PHs for a UE within a tracking area occur at H-SFNg that are constant
across the tracking arca, regardiess of a cell on which the UE is camped. For example,

PHs for a UE may be determuned based on an identifier of the UE.

[86109]  According 1o aspects of the present disclosure, paging hyvper-frames for the
UE from different BSs within a tracking area fall within a paging response window.
That 1s, PHs for a UE within a tracking arca all occur within a period of time
approximately two hyper-frames long, because the PHs occur in hyper-frames with H-

SEN mdices that are selected based on the 1D of the UE, and each BS within a tracking
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arca restarts numbering of hyper-frames at a fime less than two hyper-frames later than

every other BS in the tracking area.

[86116] FIG. 10 illustrates exemplary operations 1000 that may be performed by a
UE {eg., UE 120} operating with eDRX as described above, according to certain

aspects of the present disclosure.

06111} At block 1002, the UE determines at least one paging hyper-frame for
monitoring for a paging signal from a base station (BS) based on an identification (ID)
of the UE, the paging hyper-frame determined from a set of periodically occurring
hyper-frames that each spans a sumber of radic frames. At block 1004, the UE
monifors for the paging signal in at least one subframe within a radio frame of the

paging hyper-frame.

{66112} FIG. 11 illustrates exemplary operations 1100 that mav be performed by a
network entity {¢.g., an MME or network controller 130} for operating with UEs using

eDRX as described above, according to ¢ertain aspects of the present disclosure.

{80113} At block 1102, the network entity determines at least one paging hyper-
frame for paging a user equipment (UE) based on an identification (1D} of the UE, the
paging hyvper-frame determined from a set of periodicallv occurring hyper-frames that
each spans a number of radio frames. At block 1104, the network entity requests one or
more base stations (BSs) to page the UE differently upon occurrence of the paging

hyvper-frame than at other times.

EXAMPLE UNSYNCHRONIZED PAGING IN EXTENDED DISCONTINUOUS
RECEPTION

[08114] As mentioned above, when operating with UEs performing extended

discontinuous reception (eDRX), it may be desirable to have a rough svachronization

between BSs of a network, e¢.g., to improve reliability of the pages of the network

reaching a paged UE performing ¢DRX. According to aspects of the present disclosare,

BSs of a network may perform unsynchronized paging while operating with UEs

performing cDRX.

{00118} When a UE is performing ¢DRX, 1t is desirable for BSs of a network to be

roughly synchromized in order to prevent a mobile UE from missing pages. In certain
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circumstances, a UE performing eDRX that the network s paging could move from a
coverage area of a first BS just before the first BS pages the UE. I a second BS serving
the coverage area that the UE entered has sent the page shortly before the UE cnters the
coverage area, then the UE misses the pages from both the first BS and second BS. It
this occurs, then the UE could conceivably be unreachable for more than the duration of

the configured eDRX cycle of the UE.

[86116] FIG. 12 illustrates the above described situation with exemplary timeline
1200, Exemplary ¢DRX paging cycles for eNBi, eNB2, and eNB3 are shown at 1202,
1204, and 1206, respectively. As illustrated, the eDRX paging cvcles for eNBI, eNB2,
and eNB3 are unsynchronized. At 1208, the network determines to page UE] and sends
paging commands to cNB1, eNB2, and eNB3. In the exemplary timeline, UET is being
served by eNBZ. ¢NB3 pages UE! during the paging hyper-frame PH3 of eNB3 at
1210, but UE! 18 not currently being served by eNB3, so UEL does not detect the page
from eNB3. At 1212, UE] reselects from eNB2 to eNB3. At 1214, the paging hyper-
frame PHZ of eNB2 occurs, and ¢eNB2 pages UEL. Because UED already reselected to
cNB3, UE1 does not detect the pages from eNB2. As the paging hyper-frame for cNB3
occurred carlier, at 1210, UE!L has missed the paging hyper-frames from both eNEB2 and
eNB3. If UE1 remains in the coverage arca of eNB3, then UET will not be reachable by
the network until the next occurrence of PH3, and will bave been unreachable for longer

than the duration of the eDRX cycle.

{86117}  In other circumstances, a UE may receive a page from a first BS, respond to
the page, and then move out of the coverage arca of the first BS. If a second BS serving
the coverage area that the UE entered sends the same page to the UE after the UE enters
the coverage area, then the UE may respond to the page from the second BS, resulting
m unnecessary signaling as the UE responds to the same page twice. Having the BSg of

anetwork be roughly synchronized may prevent this siteation from occurring,.

[B6118]  FIG. i3 illustrates the above described situation with exemplary timeline
1360. Exemplary ¢DRX paging cycles for eNB1 and ¢NB2 are shown at 1302 and
1304, respectively. At 1308, the network determines that there is data for UE2,
determines to page UE2, and sends paging commands to eNB1, eNBZ, and eNB3. In
the exemplary timeline, UE2 is being served by eNBIL. ¢NBI pages UEZ during the
paging hyper-frame PHI of ¢eNB1 at 1316, UE2 detects and responds to the page(s)
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from eNB1 and receives the data via eNB1. At 1318, UE] reselects from eNB1 to
eNB2. At 1314, the paging hyvper-frame PH2 of eNB2 oceurs, and eNB2 pages UEZ.
UE2 may respond o the page from eNB2 and then receive via eNB2 the same data that
UE2 received via eNBI. If this occurs, then the paging by eNB2, the response by UEZ,

and the data transfer from ¢NB2 are all unnecessary signaling.

[86119] According to aspects of the present disclosure, a UE performing ¢eDRX m a
network where BSs are not synchronized may use an ¢DRX page monitoring timer,
Tmsmerenrx, 10 avoud the undesirable situations where the UE misses pages {e.g., UEL)
or unnecessary signaling occurs because the UE responds o pages from multiple BSs

{e.g., UE2), as described above with reference to FIG. 12

[86128] According to aspects of the present disclosure, an MME may configure a UE
performing eDRX to use an eDRX page monitoring timer {€.2., Tionitoreprx) and a DRX
page monitoring timer {€.2., Twoniororx). A MME may configure a UE performing
eDRX to use an ¢DRX page monitoring timer {.g., Tmoniorenrx) and configure the
duration that the eDRX page monitoring timer may run before expiring. That is, the
MME may configure a UE performing eDRX with a maximum peniod of time for an
¢DRX page monitoring timer to run before the UE takes some action {¢.g., monitoring
for another paging signal o one or more radio frames that are not within the paging
hyper-frame, triggering a non-access stratum (NAS) procedure, trigeering a radio
resource control (RRO) procedure) in response to the expiration of the ¢DRX page
monitoring fimer. An MME may also configure the duration that the DRX page

momiforing timer may run before expiring.

{00121}  Altermnanively to bemg configured by the MME, the value of one or both
timers { Twoniorenry a1d Toniorprx } ay be either specified or derived mmplicitly, e.g.,

B

based on other eDRX parameters already configured by the network.

[08122]  According to aspects of the present disclosure, a UE performing eDRX and
using an c¢DRX page monitoring timer may start {(e.g, restart) the ¢DRX page
moniforing timer on every occasion where the UE successfully monitors a paging
occasion (2.2, receiving a page or being able to monitor the designated paging occasion

for a potential page). Multiple page repetitions within a same paging hyper-frame may

be treated as a single paging occasion by the UE. A UK pedorming ¢DDRX and using an
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eDIRX page monitoring timer may also start (¢.g., restart) the ¢DRX page monitoring
timer on every occasion where the UE completes a radio resource control (RRC) or non-

access siratum (NAS) procedure and returns to an idle state.

1061231 According to aspects of the present disclosure, if an ¢DRX page monitoring
umer of a UE performing eDRX expires, the UE may fall back to performing legacy
DRX for a period of time equal {o the duration of a DRX page monitoring timer {e.g.,
20 seconds). After performing legacy DRX {c.g., monitoring for pages on the UE’s
legacy DRX ¢ycle) for the duration of the BRX page mounitoring timer, the UE may

retum to performing eDRX and restart the eDRX page monitoring timer.

{00124}  According to aspects of the present disclosure, if an eDRX page monttoring
timer of a UE performing ¢DRX expires, the UE may tngger a NAS or RRC procedure
{¢.g., a tracking area update (TAU), a service request (SR), or an RRC connection
request).  Afier performing the NAS or RRC procedure, the UE may return io
performing ¢DRX and restart the eDRX page monitoring timer.

{00128]  According to aspects of the present disclosure, when a UE performing e DRX
does not respond o a page request within a time period close to the ¢eDRX cvele of the
UE (eg.., UE’s ¢DRX cycle plus two seconds or UE’s ¢DRX cyele plus 100
milliseconds}, an MME may instruct one or more BSs {e.g., all of the BSs in a tracking

arca} to page the UE in legacy DRX mode.

[00126]  FIG. 14 illustrates, m excmplary timeline 1400, exemplary operations that
may be performed by a UE performing ¢DRX 1 a network where the BSs are not
synchronized with respect to their paging hyper-frame cycles, in accordance with
aspects of the present disclosure. Exemplary ¢eDRX paging cveles for celll, cell2, and
cell3 arc shown at 1402, 1404, and 14006, respectively. At 1408, a UE performing
eDRX that is being served by celil 1s able to monitor for pages in paging hyper-frame
PHI of celll. As previously described, the UE restarts an eDRX page monitoring timer
(¢.g.. Thomiorenpx) 1 response to successfully monitoring for pages. At 1410, the UE
reselects to cell2. At 1412, the UE monitors for pages m paging hyper-frame PH2 of
cell2. As previously described, the UE restarts (e.g., stops and resets) the eDRX page
monitoring timer (€.2., Twmontoreorx) of the UE in response to the UE suceessfully

monitoring for pages. At 1414, the UE reselects to cell3. At 1416, the ¢DRX page
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for pages from cell3.  As previously deseribed, the UE falls back to monitoning for
legacy DRX pages and starts a DRX page monitoring timer (8.8, Twonitorprx) 18
response to the eDRX page monttoring timer (6.8, Tmomwrenrx) of the UE expining.
The UE may return to performing eDRX and restart the eDRX page monitoring timer

when the DRX page monitoring timer expires.

[86127] According to aspects of the present disclosure, a UE performing eDRX may
respond to a page from a cell and then, in response io responding io the page, ignore
paging for a period of time. A UE that ignores paging for a period of time in this
situation may avoid responding to pages from different BSs that were triggered from the
same inittal request from a network entity {e.g., an MME). According to aspects of the
present disclosure, the period of time for a UE to ignore pages may be configured on the
UE as part of an ¢DRX configuration supplied to the UE by a network entity.
Additionally or alternatively, the period of time for a UE to ignore pages may be
dynamically signaled {¢.g., as part of a service request (SR} procedure) to the UE from a
network entity via a BS. Also additionally or altematively, the period of time fora UE
to ignore pages may be a default or implicit value determined based on the ¢eDRX cyele

{e.g.. the length of the eDRX cycle) that the UE is configured with.

[86128] According to aspects of the present disclosure, once the UE responds to a
page, the MME may seund a page cancellation notification to the BSs (e.g., eNBg) in the
tracking arca. Upon reception of the notification, the BSs {(c.g., eNBs) cancel any
pendmg pages for the UE. By cancelliing the page transmission, the above mentioned

issue of a UE responding to duplicate pages can be avarded.

[86129] Alternatively, or additionally, a network entity (¢.g., an MME) may mclude a
first tag or sequence mumber in a page request to a base station. A UE performing eDRX
may respond to a page from a cell containing the first tag or scquence number and
subsequently ignore paging signals containing the same first tag or sequence number. A
UE may stop ignoring paging signals if the UE receives a paging signal containing a

second tag or sequence number,

{0613¢]  According to aspects of the present disclosure, a network entity {(cg., an

MME) may deternuine a time penod that the network entity will wait between pages to a
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UE performing eDRX triggered by the network entity. That 15, a network entity that has
triggered a page to a UE performing ¢PBRX will wait for a pertod of time before
triggering another page to the UE. The network entity may determine the length of the
period of time based on a period of time that the UE will ignore pages, as described

above.

{86131} The varous techniques presented herein may mmprove the time associated
with performing cell acquisition and, as a resulf, improve device performance and/or

reduce power consumphion.

43

{80132}  As used herein, a phrase referring to “at least one of” a list of items refers to
any combination of those ttems, including smgle members. As an example, “at least
one of a, b, or ¢” 1s intended to cover a, b, ¢, a-b, a-¢, b-¢, and a-b-¢, as well as any
combination with multiples of the same element {¢.g., a-0, a-g-a, a-a-b, a-a-c, a-b-b, a-

c-c, h-b, b-b-b_b-b-c, c-c, and c-c-¢ or any other ordering of g, 5, and ¢).

1061331 The various operations of methods descrnibed above may be performed by
any suitable means capable of performing the corresponding functions. The means may
melude various hardware and/or sottware/firmware component(s} and/or module(s),
meluding, but not imited to a circuit, an application specific integrated circwt (ASIC),
or processor.  Generally, where there are operations ihustrated m Figures, those
operations may be performed by any suitable comesponding counterpart means-plus-

function components.

[86134] For example, means for determining, means for boosting, means for
configuring, means for reducimg, means for exiting, means for requesting, means for
coordinating, means for performing, means for monitoring, means for searching, means
for terminating, means for returning, means for nstructing, and/or means for indicating
may include one or more processors, such as the recetve processor 258 and/or the
controller/processor 280 of the user termimal 120 illustrated 10 FIG. 2 and/or the
transmit processor 220 and/or the controller/processor 240 of the base station 110
iHustrated m FIG 2. Means for receiving may comprise a receive processor {e.g., the
receive processor 258} and/or an antenna(s) 252 of the user terminal 120 illustrated in
FIG. 2. Means for transmitting, and/or means for announcing, may comprise a trapsmit

processor (2.2, the transmit processor 220} and/or an antenna{s) 234 of the eNB 110
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tHustrated m FIG. 2. Means for requesting and/or means for instructing may include a
network interface, one or more processors, and/or a comnunications unit {e.g.,

comnunications unit 294 or communications unit 244},

1061351 Those of skill in the art would understand that information and signals may
be represented using any of a variety of different technologies and techuniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic ficlds or particles, optical fields or

particles, or combinations thereof,

[06136] Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algonthm steps described in connection with the
disclosure heremn may be implemented as hardware, software/firmware, or combinations
thereof. To clearly lustrate this interchangeability of hardware and software/firmware,
various illustrative components, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality. Whether such functionality is
implemented as hardware or software/firmware depends upon the particular apphication
and design constraints imposed oun the overall system. Skilled artisans may tmplement
the described functionality i varying wavs for each particular application, but such
implementation decisions should not be mterpreted as causing a departure from the

scope of the present disclosure.

[088137]  The varnicus llustrative logical blocks, modules, and circuits described in
connection with the disclosure herein may be umplemented or performed with a general-
purpose processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware components, or any
combination thercof designed to perform the functions described hercin. A general-
purpose processor may be a microprocessor, but in the alternative, the processor may be
any conventional processor, controller, microcontroller, or state machine. A processor
may also be implemented as a combination of computing devices, ¢.2., a combination of
a DSP and a wmicroprocessor, a plurality of microprocessors, one or more

microprocessors in conpunction with a DSP core, or any other such configaration.
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{00138} The steps of a method or algonthm deseribed m connection with the
disclosure heremn may be embodied directly in hardware, in a software/firmware module
cxecuted by a processor, or in a combination thereof. A software/firmware module may
reside in RAM memory, flash memory, ROM memory, EPROM memory, EEPROM
memory, phase change memory (PCM), registers, hard disk, a removable disk, a CD-
ROM, or any other form of storage mednim koown in the art. An exemplary storage
medium is coupled to the processor such that the processor can read information from,
and write information to, the storage medium. In the alternative, the storage medium
may be integral to the processor. The processor and the storage medivm may reside in
an ASIC. The ASIC may reside in a user ternunal. In the alternative, the processor and

the storage medium may reside as discrete components in a user terminal.

{00139}  In onc or morc cxemplary designs, the functions described may be
mplemented m hardware, software/firmware, or combinations thereof. If implemented
i software/firmware, the functions may be stored on or transmitted over as one or more
mstructions or ¢ode on a computer-readable medium.  Computer-readable media
mcludes both computer storage media and conununication media including any medium
that facihtates transfer of a computer program from one place to another. A storage
media may be any avatlable media that can be accessed by a gencral purpose or special
purpose computer. Bv way of example, and not limitation, such computer-readable
media can comprise RAM, ROM, EEPROM, CD/DVD or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or any other medium that can
be used to carry or store desired program ¢ode means in the form of instructions or data
structures and that can be accessed by a general-purpose or special-purpose computer,
or a general-purpose or special-purpose processor.  Also, any connection 1s properly
termed a computer-readable mediom.  For example, if the software/firmware is
transmitted from a website, server, or other remote source using a coaxial cable, fiber
optic cable, twisted pair, digital subscriber line (DSL), or wireless technologies such as
mfrared, radio, and microwave, then the coaxial cable, fiber optic cable, twisted pair,
DBSL, or wireless technologies such as infrared, radio, and microwave are incloded 1n
the definition of medium. Disk and disc, as used herein, mcludes compact disc (CD),
laser disc, optical disc, digital versatile disc (DVD), floppy disk and Blu-ray disc where

disks usually reproduce data magnetically, while discs reproduce data optically with
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lasers. Combinations of the above should also be mcluded within the scope of

computer-readable media.

[081468] The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readiy apparent to those skilied in the art, and the generic principles defined
herein may be applied o other vanations without departing from the spint or scope of
the disclosure. Thus, the disclosure s not intended to be limited to the examples and
designs described herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.
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CLAIMS
WHAT IS CLAIMED IS:
1. A method of wireless communications by a base station (BS), comprising:

determining at least one paging hyper-frame for paging a user equipment (UE)
based on an identification (1D} of the UE, the at least one paging hyper-frame
determined from a set of periodically occurring hyvper-trames that each spans a number
of radic frames;

recelving a request to page the UE; and

transmufting a paging signal to the UE in at least onc subtrame within a radio
frame of the paging hyper-trame.
2. The method of claim 1, wherein the at least one paging hyper-frame is also

determined based on a pertod for extended discontinuous reception (eDRX) of the UE.

3. The method of claim 2, wherein transmitting the paging signal in at least one
subframe of paging hyper-frame comprises:
fransmitting a paging signal in a plurality of radio frames of the paging hyper-

frame, the plurality of radio frames determined based on the period for a legacy DRX.

4, The method of claim 3, whercin a same paging signal is transmitted in each

radio frame of the plurality of radio frames.

5. The method of claim 2, wherein the at least one paging hyper-frame comprises a

plurality of paging hyper-frames, each determined based on the period for eDRX.

6. The method of claim 1, further comprising:
receiving a request, from a network entity, o cancel paging of the UE afier
transmitting the paging signal; and

canceling transmigsion of additional paging signals in response to the request.

7. The method of claim 1, further comprising:

determining to update system mformation for a cell that supports eDBRX UEs;
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determiming an extended broadeast control chamnel (BCCH)Y modification period
for UEs m eDRX; and
updating the system information within one extended BCCH modification

period of transmitting the paging signal to the UE.

8. The method of claim 7, forther comprising determining an extended BCCH
modification boundary that is time-aligned with a nommal BCCH meodification

boundary.

S, The method of claim 1, wherein:
paging hyvper-frames for the UE are independent of a base station on which the

UE 1s camping, at least within a tracking area.

10.  The method of claim 1, wherein:
paging hyper-frames for the UE from different BSs within a tracking arca fall

within a paging response window.

1L The method of claim 10, further comprising mitializing a hyper-frame systern
frame number (H-SFN} to align with a global clock to synchronize the paging response

window with other base stations in the tracking area.

12, The method of claim 1, further comprising:

mdicating, via the paging signal, a change in system mformation has occcurred.

13 The method of claim 1, wherein:
the request comprises a tag number; and
tranamitting the paging signal comprises fransmitting the tag number with the

paging signal.

14, A method of wireless communications by a user equipment (UE), comprising:
determining at icast one paging hvper-frame for monitoring for a paging signal

from a base station {(BS) based on an identification (1D} of the UE, the paging hyper-
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frame determined from a set of penodically occurning hyper-frames that cach spans a
number of radio frames; and
monitoring for the paging signal in at least one subframe within a radio frame of

the paging hyper-frame.

15. The method of claim 14, wherein the paging hyper-frame is also determined

based on a period for extended discontinuous reception (¢DRX) of the UE.

16. The method of claim 15, wherein monitoring for the paging signal in at least one
subframe of the paging hvper-frame compnses:

monitoring for the paging signal in a plurality of radio frames of the paging
hyper-frame, the plurality of radic frames determined based on the period for a legacy

DRX.

17. The method of claim 13, wherein the at least one paging hyper-frame comprises

a plurality of paging hyper-frames, each determined based on the penoed for eDRX.

18. The method of claim 14, wherein:
paging hyper-frames for the UE are independent of a base station on which the

UE 1s camping, at least within a tracking area.

19, The method of claim 14, wherein:
paging hyper-frames for the UE from different BSs within a tracking area fall

within a paging response window.

20 The method of claim 14, further comprising;
deciding to cease monitoring for the paging signal in subframes of the paging

hvper-frame subsequent to the at least one subframe.

21, The method of claim 20, wherein the decision is based, at least in part, on a

signal guality metric,
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22 The method of claim 21, wherein the signal quality metric comprises a signal to
noise ratio (SNR).
23, The method of claim 20, wherein the decision 1s based, at least i past, on
mobility of the UE.
24. The method of claim 20, wherein the decision is based on a period of time

clapsed since the U last selected o a cell.

25 The method of claim 14, further comprising:
receiving, via the paging signal, an mdication that system information has
changed; and

acquiring system information in response to the mdication.

26. The method of claim 14, further comprising:

starting a timer; and

if the UE is not able to monitor for the paging signal before the expiration of the
timer, monitoring for another paging signal in one or more radio frames that are not

within the paging hyper-frame.

27. The method of claim 26, further comprising:
restarting the timer if the UE performs at least one of’
monttoring for the paging signal; and

recetving the paging signal or the other paging signal.
28. The method of claim 14, further comprising: starting a timer; and
if the UE is not able to monitor for the paging signal before the expiration of the

tmer, triggering a non-access stratum (NAS) procedure.

29, The method of claim 28, further comprising:

restarting the timer if the UE completes the NAS procedure.

30 The method of claim 14, further comprising;
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starting a timer; and

if the UE is not able to monitor for the paging signal before the expiration of the
timer, triggering a radio resource control (RRC) procedure.
31 The method of claim 30, further comprising;

restarting the timer if the UE completes the RRC procedure.

32. The method of claim 14, further comprising:
receiving the pagimg signal;
starting a timer of a duration; and

refraining from monitoring for the paging signal vatil an expiration of the timer.

33 The method of claim 32, wherein the duration of the timer 1¢ received in at least
one of:
part of an extended discontinuous reception (DRX) configuration, and

dynamic signaling.

34, The method of claim 32, further comprising:
determining the duration of the timer based on an cxiended discontinuous

reception (eDRX) configuration.

35. The method of claim 14, further comprising:
receiving the pagimg signal;
determining a tag number mcloded in the paging signal; and

ignoring other paging signals including the same tag number.

36, A method of wireless communications by a network entity, comprising:
determining at least one paging hyper-frame for paging a user equipment (UE)
based on an identification (ID) of the UE, the paging hyper-frame determined from a set
of periodically occurnng hyper-frames that cach spans a number of radio frames; and
requesting one or more base stations (BSs) to page the UE differently upon

ocourrence of the paging hyper-frame than at other times.
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37.  The method of claim 36, wherein the requesting comprises paging the UE more

aggressively upon occurrence of the paging hyper-frame.

38. The method of claum 36, wherem:
paging hyper-trames for the UE from different BSs within a tracking area fall

within a paging response window.

39.  The method of claim 36, wherein the requesting comprises paging the UE more
aggressively in conjunction with the paging response window relative to how the UE s

paged at other times.

40, The method of claim 36, wherein the paging hyper-frame is also determined

based on a period for extended discontinuous reception (¢DRX of the UE.

41, The method of clamm 36, wherein the at least one paging hyper-frame comprises
P Coiant e Bl

a plurality of paging hyper-frames, each determined based on the penoed for eDRX.

42. The method of claim 36, further comprising;
transmifting a request, 1o one or more BSs, to cancel paging of the UE affer

detecting a paging response from the UE.

43. The method of claim 36, wherein:
paging hyper-frames for the UE are independent of a base station on which the

UE is camping, at least within a tracking arca.

44, The method of claim 36, further comprising;
determining that the UE has not responded to a page within a period of time; and
mstructing one or more base stations {(BSs) to page the UE outside of the paging

hyper-frame.

45, The method of claim 36, further comprising:

determining that the UE has responded to a page;
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starting a timer in response to determiming that the UE has responded to the
page; and

refraining from requesting one or more base stations (BSs) to page the UE until

the expiration of the timer.

46. The method of claim 36, further comprising:
determining that the UE has responded to a page; and
sendimg a paging cancellation for the UE to one or more base stations based on

the determination.

.
-3

The method of claim 36, further comprising;
determining a tag number o be included in a page, wherein the requesting

comprises sending the tag number to the one or more BSs.

48, An apparatus for wireless communications, comprising:

means for determining at least one paging hyper-frame for paging a user
equipment {UE) based on an identification (1D} of the UE, the paging hyper-frame
determined from a sct of periodically occurring hvper-frames that each spans a number
of radic frames;

means for receiving a request to page the UE; and

means for transmitting a paging signal to the UE m at least one subframe within

a radio frame of the paging hyper-frame.

49, An apparatus for wireless communications, comprising:

means for determining at least one paging hvper-trame for monttoring for a
paging signal from a base station (BS) based on an identification (ID) of a UE, the
paging hyper-frame determined from a set of periodically occurring hyper-frames that
cach spans a number of radio frames; and

monitoring for the paging signal in at least one subframe within a radio frame of

the paging hyper-frame.

50, An apparatus for wircless communications, comprising:
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means for deternmining at least one pagmmg hyper-frame for paging a user

equipment {UE) based on an identification (1D} of the UE, the paging hyper-frame

determined from a sct of periodically occurring hvper-frames that each spans a number

of radio frames; and

means for requesting one or more base stations {BSs) to page the UE differently

upon occurrence of the paging hyper-frame than at other times.

51.

A base station {(BS}, comprising:
at ieast one antenna; and
at least one processor configured to:

determine at least one paging hyper-trame for paging a user equipment
(UE) based on an identification (ID} of the UE, the paging hyper-frame
determined from 3 set of pericdically occurnng hyper-frames that ¢ach spans a
number of radio frames,

receive a request to page the UE, and

transmit a paging signal, via the at least one antenna, to the UE in at least

one subframe within a radio frame of the paging hyper-frame.

A user equipment (UE), comprising:
at least one antenna; and
a processor configured to:

determine at least one paging hyper-frame for monitoring for a paging
signal from a base station (BS) based on an wlentification (1D of the UE, the
paging hyper-frame determined from a set of periodically occurrning hyper-
frames that cach spans a number of radio frames, and

monitor for the paging signal in at least one subframe within a radio

frame of the paging hyper-frame.

A network entity, comprising:
at least one network interface; and
a processor configured to:
deternune at least one paging hvper-frame for paging a user equipment

(UE) based on an identification (ID) of the UE, the paging hvper-frame



WO 2016/178756 PCT/US2016/023685

44

determined from a set of penodically occurring hyper-frames that cach spans a
nomber of radio frames, and

request, via the network interface, one or more base stations (BSs) to
page the UE differently upon occurrence of the paging hvper-frame than at other

times.

54. A computer readable mediwm comprising computer-executable instructions for:
determining at least onc paging hyper-frame for paging a user equipment (UE)
based on an identification (ID} of the UE, the paging hyper-frame determined from a
set of pericdically ocourring hyper-frames that cach spans a number of radic frames;
receiving a request (o page the UE; and
tranamitting a paging signal to the UE m at least one subframe within a radio

frame of the paging hyper-frame.

55, A computer readable medium comprising computer-executable instructions for
determining at least one paging hyper-frame for monitoring for a paging signal
from a base station (BS) based on an idengification (D) of a UE, the paging hyper-
framae determined from a sot of periodically occurring hyper-frames that cach spans a
number of radio frames; and
monitoring for the paging signal in at least one subframe within a radio frame of

the paging byper-frame.

56. A computer readable medium comprising computer-executable instructions for
determining at least one paging hyper-frame for paging a user equipment (UE)
based on an identification (ID} of the UE, the paging hyper-frame determined from a
set of periodically occurring hyper-frames that cach spans a number of radio frames;
and
requesting one or more base stations (BSs) to page the UE differently upon

occurrence of the paging hyper-frame than at other times.



PCT/US2016/023685

1714

WO 2016/178756

L BId <>
9 SEANS .| JBjosues
WioHo1  _® HIOMIBN —
gnNe -
oS 4 0

RGEL ¢

-¢-----Pp UOISSIUSUBRL | Buleuaily
P LCISSIUSURI] pPBIISB(

004



PCT/US2016/023685

WO 2016/178756

2i14

& "Old

BUUNOCG 40889004d | | 40858004d [ > UOW QOW3d "v jopseq | |10ss800id | | Muig
gied Hisued | OWIW XL ® aowIa Ao N O SAIBOBY eied
7 < 7 A X < ar" 7 A 7 7
29z ¥92 99z H5e AN gez gel 682
-
.4 767 ez \ 4 A._.v Aowsiy
Kiowapy ke JOSSB00Id JBNPALOS e JOS$800Id 7577
JIBlI0AUCD JIBII0IIL0D H
: ° Hun
7 7 H : 7 2 7 L
8¢ 08¢ a 98¢ 124 WWog
\\
h F 444
] < Ly X ]
NUIG 10858001d | o| JOJBIBQ | » QOW QOW=A s |10888001d | 4 |40888004d | | 80INOS
gle(j oAI0sY A.l OWIN .. aonaa aon e 1 OWHN XL A.I juisued j ele(d
7 7 7 rd < 7 7 7
09 g5¢ g5¢ epse 878z 08z pzz AYA
A = B Ly . T
A Bze7 epse gLl
_losseooid | | wun
Ajouisiy e pagonuon | T wwon B
7 7 7
~ 062 762

Gel




PCT/US2016/023685

WO 2016/178756

314

jouLiEY) 1sBIpR0Ig [e0isAud = HO4d
jeubis souslejey oyioeds-ied = SHD

polad [0GUWAS
ELZLLLOL 6 8 L 96 ¥ € 2 L O

£ Old

eubis UOHBZIUCIDUAG Alepuooss = §8S
eubis UOHRZIVOIYOUAS Alelliud = 8Sd
polad [0quAg
glZiibgb 8 8 £ 95 v e ¢ L O

X
[
% wlwlele 7 o 51515 (2w |0 e %
o Klwiw|x o 1l Dl el el R L2 L ) [ 4 o
& Ola DO Q ola|a|a|g|>|w | &
)
i i i i ! i
“ | | " | !
r—— | | 10§ ——-tt— 0} 10§ —>> — | 10/S o 01018 —>
p T " ~m——e i
Tl i T !
6 8 L 9 g b £ Z ) 0
sweyans | sweygng | sweygng | swelygng | sweygng | swegng | sweyang | swesygng | swelgng | sweiang
i
oW | g Tmeeal eeommTTTTC
(YT L+ 1 SUUBI4 QIDEY 1 audeld OIREY L-1 Uil OloeY Y X ) RUNUMOG
" sW 0L "
"A a4 OIpEY U V"
DL | -
« YY) L +1 8wel4 olpey 1 BWel oIpey L-18uRld olpey ece sundn
00¢




PCT/US2016/023685

WO 2016/178756

4/14

v "Oid

poUBd 10QUWAS
Amwwwwwowmwmmmwmmwo
slelselslselsls]:]|: dan
® ® L ® ® @ ® ® @ L ® &\“\m
by £ |0y by xmm Oy
“ \ Vv
77
7
Oy ol by Oy \\ Cuil by
VAV,
-
AA K
by £y |0y by xmm 0y =
4 \ 7 g
77
GH Y
Oy ol by Oy \& Cxlby
VA Y,
\\kax\x
”““"u"“”u““\M\“\M
uciBeyu
ot uoibey BB - TG -
- auWRIgNS 8uD B
%m.\ SEUUIUE JN0) UM GNO J0) awengns Jenbay 084

B BUUSIUE 10} jOqWAS sousisjey

OoLB d IOQWAS

IBIBOONS

sl el 2L WL 0L 6 8 L 9 § ¥ € 2 L O

Tl a0zl 0:0:0:1: AR

sleles el sl &\\“ %

by Oy Loy \k\ v

9%

G

GUH

by Oy MRZZE:

71

G %

Oy by Oy \&@ by

4%

H I B I O B O I A "\M\“\M
LoiBay

-l uoibay vleq - Shio5 -

g BWEHANS BUD -

- SEUUD 5 be
oLy JUB OM] UM NS Jo) sweygns JepnBoy

=



PCT/US2016/023685

WO 2016/178756

5/14

gl1iL|8|S|Vve || |0 |#surYgng

38[0AD Y] jBULIOU oo
1O JBQUWINN 1ON Od

XA LON s ea el L
| A 8IS LA | |+ g0 |
MNOT_ o0l _ oo e 2060 <] PP _”.”.”.”.”.”. XX _ _ %anm
Tl 2j0A0 X el
N JEULON :XHd L
XHQETLHX -
o |rewaH| wsz | _ | | X an O l#nas
_ °e ww”.”._.”.”._.”.ﬂ e —X._.”.”._.”.”L s JodAM
wcm\_ Hd FG LS Hd mem _ _ 705~
905~
-t >

BI0AD Y23 XHae L

00G



PCT/US2016/023685

6/14

WO 2016/178756

9 "Old

$8P°0C ~
Mmopuim asuocdsas Builbed
- .
Hd
709
L _ 0 Xeul wz_ 14514 _ . X .. _ b _ 0 4 NAS JodhH
_ _ _ R _ _ cdN®
Hd
L -209
| 0 | xew 4H _ 14T _ X | _ 0 # N-S JodAnH
Hd

0% ﬂ N 00-00



WO 2016/178756 PCT/US2016/023685
700~ 7114
740
720 702 4
aNB1 4 MME 4 eNB2
MME receives data for 704
and determines {o page
UE with 1D UE1
722\ @—Paging request 1 Paging request 2—p - /(6
eNB1 determines PH eNB2 determines PH

of Uk based on 1D UE1
and queuss a page P1

of Uk based on 1D UE1
and queues a page P2

\742
N N
ANS \, ANY
N N
N 708
MME determines paging response
window for UE1 beginning and
determines to page UE1 more frequently
«——Paging request 3 Paging request 4——p < 710
724~ - 762
: 744\
eNB1 determines PH
of UE1 has begun and eNB2Z queues
gueues page P3 page P4

726\ —1Paging request 5 Paging request 6———p @ 712
eNB1 transmits page P1 745\

" ﬁrgt PF of PH of %%1 eNB2 determines PH

and queues page of UE1 has begun and

queues page P6

728~ «—Paging request 7 Paging request 8—| «— 714

e N
eNB1 transmits page P3
in second PF of PH of
UE1 and queues page P7
. J

730\

4 : N
eNB1 receives response
L to page P3 from UE1

eNBZ2 transmits page
P2 infirst PF of PH
and queues page P8

748"

—eNB1 reports responseg— - 732
716-[ MME determines to cancel
pages and send data for
UE1 to eNB1
Data for UE1 and cancel Cancel pages P4, Pg, ol < 718

Pages PS5 and P7

and P8

FIG. 7



PCT/US2016/023685

WO 2016/178756

8/14

8 "Oid

$TN Lo Jo usisedo0 Buibed m

ST WMOS 4o} uciseo0 Buibed m

NN RN RN NN NN N

\\mam \\@@@

| |

“ {1+U)pouad “ {W)pousd

i PoW HDOG papusixs i Pow HJ0H PBpusixe

| |

| |

| |

| |

| |

| |

| (g+u)pouad (p+upouad | (c+Ujpousd {(z+Upousd (L+U)pousd (Upolsad
“ PoOWw HO 04 _ pow M09 7 PO HOOE | POW HOO0H _ o HO0Y _ poWw HO 04
| |

|

| |

| |

Alepunog
Wpoud HOOE peublly

SAN
peslals
08

$40
[BLLUON

708

AN

008



WO 2016/178756 PCT/US2016/023685

8/14

800

\\

/902

DETERMINE AT LEAST ONE PAGING HYPER-FRAME
FOR PAGING A USER EQUIPMENT (UE) BASED ON
AN IDENTIFICATION (ID) OF THE UE, THE PAGING

HYPER-FRAME DETERMINED FROM A SET OF

PERIODICALLY OCCURRING HYPER-FRAMES THAT

EACH SPANS A NUMBER OF RADIO FRAMES

/904

RECEIVE A REQUEST TO PAGE THE UE

/966

TRANSMIT A PAGING SIGNAL TO THE UE IN AT
LEAST ONE SUBFRAME WITHIN A RADIO FRAME
OF THE PAGING HYPER-FRAME

FIG. 9



WO 2016/178756 PCT/US2016/023685

10/14

1000

/‘E 002

DETERMINE AT LEAST ONE PAGING HYPER-
FRAME FOR MONITORING FOR A PAGING SIGNAL
FROM A BASE STATION (BS) BASED ON AN
IDENTIFICATION (ID) OF THE UE, THE PAGING
HYPER-FRAME DETERMINED FROM A SET OF
PERIODICALLY OCCURRING HYPER-FRAMES
THAT EACH SPANS A NUMBER OF RADIO FRAMES

/1 004

MONITOR FOR THE PAGING SIGNAL IN AT LEAST
ONE SUBFRAME WITHIN A RADIO FRAME OF THE
PAGING HYPER-FRAME

FIG. 10



WO 2016/178756 PCT/US2016/023685

11114

1100

/’E 102

DETERMINE AT LEAST ONE PAGING HYPER-FRAME
FOR PAGING A USER EQUIPMENT (UE) BASED ON
AN IDENTIFICATION (ID) OF THE UE, THE PAGING

HYPER-FRAME DETERMINED FROM A SET OF

PERIODICALLY OCCURRING HYPER-FRAMES THAT

EACH SPANS A NUMBER OF RADIO FRAMES

/’i 104

REQUEST ONE OR MORE BASE STATIONS (BSS) TO
PAGE THE UE DIFFERENTLY UPON OCCURRENCE
OF THE PAGING HYPER-FRAME THAN AT OTHER
TIMES

FIG. 11



PCT/US2016/023685

WO 2016/178756

12114

¢t Ol

~80ZL
0LZL~
! _ 0 G52 7 ¥52 _ ] _ 0
_ _ _ EHdl _
ClHd PUE ZHd Sassiw pue | ¢l _- <
caNe o spsjesal L3N o
- | _ 0 G52 7 ¥eZ _
cHd PLTL _ _ _
L _ 0 552 7 vz _ _ ] 0
_ _ LHd _
-
$¥Z 0L

# NAS
J8dAH

¢ gNe
Y0071

#N4S
JadAH

ZEN®
N0zl

#N4S
JadAH

LEIN®
¥—z0zi



PCT/US2016/023685

WO 2016/178756

13114

&1 D
~80E1
pLEl
_ L _ G 1T _ 14574 _
o [
\ BLEL_ 17Hd pue LHd Ut sebed o)
N spuodsal pue ZEanNe 01 S1o8jesad ZIf
S
L _ 0 552 _ T _ Il o _ ! 0
| | | tHd _
alel < >

9.03547

# NAS
JadAH

Zane
¥—poct

# N4AS
JadAH

LEAN®
¥—zoc!



PCT/US2016/023685

WO 2016/178756

14/14

i Oid

# N4S

| o | sse _ y5z
_ _ _ —_
uonoaesay \¢ VPt
_ L _ g 15T — 14°T4 _
ZHd! | | |
i
PSIOHUOW | Olpl
sbed m LOIOBI952Y
i
i
W_o mmm_ﬁm _W_o
i ese e eoe
.......... =z
| | m | ! | svzoL
! “ -
. N DOIOULOL |
(Xx@ onuous] LTy R S
BuLInp X ol \/ 1
AoeBe) mojjod) A\ Y \/
sendxs o wamwm 19581 suels (X=ae u 3n)
X@s soyuou K9 OO | jdors Yo souuou ¢
Xuge'lopuous

JodAH
g {180

¥—00p |

# NS
JodAH

AN

0L

# NAS
JadAn

Hieo

—z0pi

N

00vi



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/023685

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4W76/04
ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

HOAW

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

11 February 2016 (2016-02-11)
paragraphs [0006] - [0018]
paragraphs [0058] - [0078]

X,P WO 2016/022651 Al (QUALCOMM INC [US]) 1-56

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

4 May 2016

Date of mailing of the international search report

13/05/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Mele, Marco

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/023685
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X W0 2015/019727 Al (SONY CORP [JP]) 1,13,14,
12 February 2015 (2015-02-12) 22,
24-36,
48-56
Y paragraphs [0017], [0018], [0019] 2-12,
paragraphs [0020], [0024], [0027] 15-21,
paragraph [0035] 23,25,
paragraphs [0042] - [0044], [0045], 38,
[0049] 40-43,46
paragraphs [0050], [0058]
paragraph [0060]
paragraphs [0071], [0072]., [0078],
[0079]
paragraph [0084]
paragraphs [0125], [0128]
Y US 20137301501 Al (OLVERA-HERNANDEZ ULISES 2-5,10,
[CA] ET AL) 14 November 2013 (2013-11-14) 11,
15-17,
19,23,
38,40,41
paragraphs [0097] - [0101]
paragraphs [0144] - [0150]
Y WO 2014/090294 Al (ERICSSON TELEFON AB L M 6,42,46
[SE]; ERIKSSON ERIK [SE]; RUNE JOHAN [SE])
19 June 2014 (2014-06-19)
page 10, lines 7-21
page 19, lines 11-22
Y WO 2015/021643 Al (NOKIA SIEMENS NETWORKS 7,8,12,
OY [FI]; DU LEI [CN]; ZHANG YANJI [CN]) 25
19 February 2015 (2015-02-19)
page 15, lines 17-32
page 22, lines 6-13
Y EP 2 234 420 Al (MITSUBISHI ELECTRIC CORP 9,18,20,
[JP]) 29 September 2010 (2010-09-29) 21,43
paragraphs [0192] - [0195]
paragraph [0286]

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2016/023685
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2016022651 Al 11-02-2016 US 2016044605 Al 11-02-2016
WO 2016022651 Al 11-02-2016

WO 2015019727 Al 12-02-2015 CN 105453660 A 30-03-2016
JP 2015035674 A 19-02-2015
KR 20160025594 A 08-03-2016
WO 2015019727 Al 12-02-2015

US 2013301501 Al 14-11-2013  CN 104303586 A 21-01-2015
EP 2848081 Al 18-03-2015
TW 201401821 A 01-01-2014
US 2013301501 Al 14-11-2013
WO 2013169376 Al 14-11-2013

WO 2014090294 Al 19-06-2014  EP 2932775 Al 21-10-2015
US 2015304986 Al 22-10-2015
WO 2014090294 Al 19-06-2014

WO 2015021643 Al 19-02-2015  NONE

EP 2234420 Al 29-09-2010 AU 2008336973 Al 25-06-2009
BR P10821019 A2 16-06-2015
CN 101953181 A 19-01-2011
CN 103401668 A 20-11-2013
CN 103648166 A 19-03-2014
CN 103763681 A 30-04-2014
CN 103763774 A 30-04-2014
CN 103763775 A 30-04-2014
EP 2234420 Al 29-09-2010
JP 5225290 B2 03-07-2013
JP 5687779 B2 18-03-2015
JP 5855289 B2 09-02-2016
JP 2013150340 A 01-08-2013
JP 2014099897 A 29-05-2014
JP 2015073336 A 16-04-2015
KR 20100092484 A 20-08-2010
RU 2010129497 A 27-01-2012
RU 2013128447 A 27-12-2014
US 2010272004 Al 28-10-2010
US 2014362756 Al 11-12-2014
WO 2009078152 Al 25-06-2009

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - wo-search-report
	Page 61 - wo-search-report
	Page 62 - wo-search-report

