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(57) ABSTRACT

A method for reducing energy consumption of mobile
devices using a phase-continuous early paging indicator
(EPI) is provided. For each of at least one paging occasion
either A) an EPI indicative that a page is present in the paging
occasion is transmitted during an EPI occasion in advance of
the paging occasion, the EPI comprising at least one phase-
continuous tone for the EPI occasion, and a page is transmit-
ted during the paging occasion, or B) an EPI indicative that a
page is not present in the paging occasion is transmitted
during an EPI occasion in advance of the paging occasion, the
EPI comprising at least one phase-continuous tone for the EPI
occasion. A mobile device is configured to monitor for an EPI
that comprises at least one phase-continuous tone for an EPI
occasion in advance of its paging occasion in order to deter-
mine if a page is potentially present.
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SYSTEM AND METHOD FOR REDUCING
ENERGY CONSUMPTION OF MOBILE
DEVICES USING EARLY PAGING
INDICATOR

FIELD OF THE APPLICATION

[0001] The application relates to wireless communication,
and more particularly to paging in wireless communication
systems.

BACKGROUND

[0002] Various technical references are referred to herein
using numerals in square brackets, [ ]. A complete citation for
each of these references is provided at the end of the applica-
tion.

[0003] In order to conserve battery energy of user equip-
ment (UE) (user terminal or mobile station), a UE that has not
received or performed transmissions for an extended period
oftime is quite likely to be placed in an RRC_IDLE state and
is woken up by a paging message if there is traffic, an Earth-
quake Tsunami Warning System (ETWS) message, and/or
updated broadcast system information to be delivered to or
received by that UE. It is expected that UEs will likely spend
a majority of their time in this RRC_IDLE state.

[0004] A UE may also be placed in a different type of “idle”
mode while remaining in the RRC_CONNECTED state. This
mode is referred to as DRX (Discontinuous Reception), and
allows a UE to “sleep” for a certain portion of a configured
DRX cycle. During this sleep portion of the cycle, the UE is
not expected to receive communications from the eNB. Such
an RRC_CONNECTED UE would continue to monitor pag-
ing for ETWS and/or system information change notifica-
tions, and this would occur during a non-sleep portion of the
DRX cycle. However, a UE that has neither received nor
transmitted traffic for a while would be expected to be moved
to RRC_IDLE (where the UE also has to monitor paging to
determine if the network wishes to initiate contact with the
UE) since this is a lower energy-consuming state than is
RRC_CONNECTED (even with an extended DRX cycle
configured).

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Embodiments will now be described with reference
to the attached drawings in which:

[0006] FIGS. 1A, 1B and 1C are flowcharts of example
methods of informing mobile devices of the potential pres-
ence and/or absence of a page in an upcoming paging occa-
sion, in accordance with an embodiment of the present dis-
closure;

[0007] FIG. 2 is a block diagram of an example mobile
device in accordance with an embodiment of the present
disclosure;

[0008] FIG. 3 is a block diagram of an example mobile
device in accordance with another embodiment of the present
disclosure;

[0009] FIG. 4 is an illustration of downlink PHY frame
structure in FDD mode;

[0010] FIG. 5 is an illustration of downlink PHY frame
structure in TDD mode;

[0011] FIG. 6 is an example of a downlink resource grid/
space;
[0012] FIG.7isablock diagram of downlink PHY process-

ing;

May 17, 2012

[0013] FIGS. 8A to 8C are illustrations of the locations of
reference signals (RS) for various transmit antenna arrange-
ments;

[0014] FIG. 9 is an illustration of downlink channel map-
pings;

[0015] FIG. 10is a plot of a paging cycle and paging occa-
sions;

[0016] FIG. 11 is a plot showing the paging occasion for a
UE;

[0017] FIG. 12 is a flowchart of paging demodulation pro-
cessing flow;

[0018] FIG. 13 is a plot of a paging demodulation process-
ing timeline;

[0019] FIG. 14 is a block diagram of PCFICH modulation
at eNB and PCFICH demodulation at UE;

[0020] FIG. 15 is ablockdiagram of PDCCH modulation at
eNB and PDCCH demodulation at UE;

[0021] FIG. 16 is an example of UE search space and CCE
aggregation levels;

[0022] FIG. 17 is an example of early paging indicator
occasion for a UE in accordance with an embodiment of the
present disclosure;

[0023] FIG. 18A is an example of a flowchart for receiving
and using an EPI in accordance with an embodiment of the
present disclosure;

[0024] FIG. 18B is another example of a flowchart for
receiving and using an EPI in accordance with an embodi-
ment of the present disclosure;

[0025] FIG. 19 is an illustration of resource element loca-
tions within a resource block for EPI transmission in accor-
dance with an embodiment of the present disclosure;

[0026] FIG.20is ablock diagram of EPI modulation for the
physical layer in accordance with an embodiment of the
present disclosure;

[0027] FIG. 21 is an illustration of EPI subcarrier offset and
EPI tone index in accordance with an embodiment of the
present disclosure;

[0028] FIG. 22 is a plot of band-edge resource elements
(subcarriers) for EPI transmission in accordance with an
embodiment of the present disclosure;

[0029] FIG. 23 is a plot of PDSCH subcarriers used for EPI
transmission in accordance with an embodiment of the
present disclosure;

[0030] FIG. 24 is a plot of PDCCH subcarriers for EPI
transmission in accordance with an embodiment of the
present disclosure;

[0031] FIG. 25 is a plot showing an example of EPI group
and subgroup activation in accordance with an embodiment
of' the present disclosure;

[0032] FIG. 26 is a block diagram of an EPI detector func-
tion in accordance with an embodiment of the present disclo-
sure;

[0033] FIG. 27 is a block diagram of a DSP-based EPI
detector function in accordance with an embodiment of the
present disclosure; and

[0034] FIG. 28 is a block diagram of another DSP-based
EPI detector function in accordance with an embodiment of
the present disclosure.

DETAILED DESCRIPTION

[0035] This disclosure describes various embodiments for
an early paging indicator through examples of OFDM-based
(Orthogonal Frequency Division Multiplexing) wireless
technologies, and the method can also be used in non-OFDM
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based technologies, such as CDMA based technologies. Such
a paging indicator may reduce receiver processing and allow
an RRC_IDLE (or equivalent) UE to quickly determine
whether or not it should proceed with the more complex and
energy-intensive processing that is typically associated with
actually receiving a paging message. That is, the early paging
indicator informs the UE whether a corresponding upcoming
paging message is likely to be present and the UE should
therefore try to receive a paging message, or whether an
upcoming paging message is definitely not present. This
reduction in receiver processing by RRC_IDLE mode UEs
may reduce battery energy consumption and consequently
could potentially extend total standby time (or, in real usage
scenarios, time between charges) for a given UE.

[0036] One aspect of the present disclosure provides a
method in a network component, the method comprising:

[0037] performing at least one of:
[0038] A) for each of at least one paging occasion:
[0039] transmitting, during an early paging indicator

occasion in advance of the paging occasion, an early
paging indicator indicative that a page is present in the
paging occasion, the early paging indicator comprising
at least one phase-continuous tone over the early paging
indicator occasion;

[0040] transmitting a page during the paging occasion;
and
[0041] B) for each of at least one paging occasion:

[0042] transmitting, during an early paging indicator
occasion in advance of the paging occasion, an early
paging indicator indicative that a page is not present in
the paging occasion, the early paging indicator compris-
ing at least one phase-continuous tone over the early
paging indicator occasion.

[0043] In some embodiments: the early paging indicator
occasion in advance of a paging occasion comprises a plural-
ity of OFDM symbol intervals of the OFDM data subcarriers;
transmitting, during an early paging indicator occasion in
advance of the paging occasion, an early paging indicator
indicative that a page is present in the paging occasion com-
prises transmitting an early paging indicator that comprises at
least one phase-continuous tone over the plurality of OFDM
symbol intervals; and transmitting, during an early paging
indicator occasion in advance of the paging occasion, an early
paging indicator indicative that a page is not present in the
paging occasion comprises transmitting an early paging indi-
cator that comprises at least one phase-continuous tone over
the plurality of OFDM symbol intervals.

[0044] In some embodiments: a given paging occasion is
associated with a group of mobile devices, the group of
mobile devices comprising a plurality of subgroups of mobile
devices within the group; the transmitted page is for at least
one mobile device of at least one subgroup; for each subgroup
for which a page is to be transmitted during the paging occa-
sion, transmitting, during the early paging indicator occasion
in advance of the paging occasion, an early paging indicator
indicative that a page is present in the paging occasion com-
prises transmitting an early paging indicator specific to the
subgroup that comprises at least one phase-continuous tone
over the early paging indicator occasion and that is indicative
that a page is present in the paging occasion for the subgroup;
and for each subgroup for which no page is to be transmitted
during the paging occasion, transmitting, during the early
paging indicator occasion in advance of the paging occasion,
an early paging indicator indicative that a page is not present
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in the paging occasion comprises transmitting an early paging
indicator specific to the subgroup that comprises at least one
phase-continuous tone over the early paging indicator occa-
sion and that is indicative that a page is not present in the
paging occasion for the subgroup.

[0045] In some embodiments, the early paging indicators
specific to particular subgroups collectively comprise a plu-
rality of tones each having a respective frequency offset from
a subcarrier frequency of an OFDM resource space.

[0046] In some embodiments, the method further com-
prises transmitting at least one of a reference tone and a
timing correction tone, wherein the plurality of tones com-
prises, for each subgroup, at least one separate indicator tone
with each tone having a subgroup-specific offset in frequency
from the reference tone.

[0047] Insomeembodiments, transmitting, during an early
paging indicator occasion in advance of the early paging
occasion, an early paging indicator indicative that a page is
not present in the paging occasion comprises at least one of:
transmitting the early paging indicator in a physical resource
block that may otherwise be used for data transmission; and
dynamically re-allocating the physical resource block for
data transmission based on traffic load level.

[0048] In some embodiments, at least one band-edge sub-
carrier frequency which lies inside an allocated frequency
band but outside a frequency range configured for data trans-
mission is allocated for transmission of the early paging indi-
cator.

[0049] Another aspect of the present disclosure provides a
method in a mobile device comprising:

[0050] for each of at least one paging occasion:

[0051] during an early paging indicator occasion in
advance of the paging occasion, monitoring for an early
paging indicator that comprises at least one phase-con-
tinuous tone over the early paging indicator occasion;

and

[0052] performing either:

[0053] A) upon detecting the early paging indicator,
attempting to receive a page during the paging occasion;
or

[0054] B) upon failing to detect the early paging indica-
tor, attempting to receive a page during the paging occa-
sion.

[0055] Insome embodiments, monitoring for an early pag-

ing indicator that comprises at least one phase-continuous
tone over the early paging indicator occasion comprises: cal-
culating, over at least a portion of the early paging indicator
occasion, received energy of an early paging indicator that
comprises at least one phase-continuous tone; and determin-
ing that the early paging indicator has been detected if the
received energy that has been calculated exceeds a first
threshold value.

[0056] Insome embodiments, monitoring for an early pag-
ing indicator that comprises at least one phase-continuous
tone over the early paging indicator occasion comprises wak-
ing up the mobile device for the early paging indicator occa-
sion in advance of the paging occasion and monitoring for the
early paging indicator during at least a portion of the interval
of the early paging indicator occasion.

[0057] Insomeembodiments: the mobile device belongs to
a subgroup of a plurality of subgroups of mobile devices
associated with a given paging occasion, each subgroup hav-
ing a respective early paging indicator specific to the sub-
group; and monitoring for an early paging indicator that com-
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prises at least one phase-continuous tone over the early
paging indicator occasion comprises monitoring for the
respective early paging indicator specific to the subgroup of
mobile devices to which the mobile device belongs.
[0058] In some embodiments, the method further com-
prises receiving a reference tone within a subcarrier fre-
quency space, wherein monitoring for the respective early
paging indicator specific to the subgroup to which the mobile
device belongs comprises monitoring for at least one tone
having a frequency offset from the frequency of the reference
tone corresponding to the subgroup to which the mobile
device belongs.
[0059] In some embodiments, the method further com-
prises: receiving a timing correction tone; and using at least
one of the activation and deactivation edges of the timing
correction tone to fine-tune timing associated with waking up
the mobile device for the next early paging indicator occa-
sion.
[0060] In some embodiments, calculating received energy
of'an early paging indicator that comprises at least one phase-
continuous tone over at least a portion of the early paging
indicator occasion further comprises waking up the mobile
device from an energy saving mode at a time such that the
effective starting time for calculating the received energy of
the early paging indicator is not earlier than the starting time
of the early paging indicator tone signal at a receiver of the
mobile device.
[0061] In some embodiments, calculating received energy
of'an early paging indicator that comprises at least one phase-
continuous tone over at least a portion of the early paging
indicator occasion further comprises terminating the calcula-
tion at the earlier point of time between 1) and ii) when: 1) the
calculated energy of'the early paging indicator up to the point
of time exceeds a second threshold value based on a target
confidence level that is not lower than the first threshold
value; and ii) the early paging indicator occasion ends.
[0062] Insome embodiments, monitoring for an early pag-
ing indicator that comprises at least one phase-continuous
tone for the early paging indicator occasion comprises moni-
toring at least one band-edge subcarrier frequency, which lies
inside an allocated frequency band but outside a frequency
range configured for data transmission, allocated for trans-
mission of the early paging indicator.
[0063] In some embodiments, the method further com-
prises placing the mobile device in an energy saving mode in
response to at least one of the following: upon detecting an
absence of an early paging indicator indicative that a page is
present in the paging occasion; and upon detecting a presence
of an early paging indicator indicative that a page is not
present in the paging occasion.
[0064] Yetanotheraspectofthe present disclosure provides
a mobile device comprising:
[0065] at least one antenna;
[0066] a wireless access radio, functionally connected to
the at least one antenna, configured to communicate with at
least one wireless access network;
[0067] a processor, functionally connected to the wireless
access radio, configured to process wireless communications
communicated via the wireless access radio;
[0068] an early paging indicator detector function config-
ured to, for each of at least one paging occasion assigned to
the mobile device:

[0069] for an early paging indicator occasion in advance

of'and associated with the paging occasion, monitor via

May 17, 2012

the wireless access radio for an early paging indicator
that comprises at least one phase-continuous tone over
the early paging indicator occasion; and

[0070] either:

[0071] A) upon detecting the early paging indicator,
prompt the processor to attempt during the paging occa-
sion to receive a page via the wireless access radio; or

[0072] B) upon failing to detect the early paging indica-
tor, prompt the processor to attempt during the paging
occasion to receive a page via the wireless access radio.

[0073] In some embodiments, the early paging indicator
detector function is further configured to otherwise place the
early paging indicator detector function and the wireless
access radio into an energy saving mode.

[0074] Insome embodiments, at least one of the early pag-
ing indicator detector function and the wireless access radio is
further configured to wake up for the early paging indicator
occasion in advance of and associated with the paging occa-
sion.

[0075] In some embodiments, the early paging indicator
function is configured to monitor for an early paging indicator
that comprises at least one phase-continuous tone for the
early paging indicator occasion by calculating received
energy of an early paging indicator that comprises at least one
phase-continuous tone over a first time duration and deter-
mining that the early paging indicator has been detected if the
received energy that has been calculated exceeds a first
threshold value.

[0076] Insomeembodiments: the mobile device belongs to
a subgroup of a plurality of subgroups of mobile devices
associated with a given paging occasion, each subgroup hav-
ing a respective early paging indicator specific to the sub-
group; and the early paging indicator detector function is
configured to monitor for an early paging indicator that com-
prises at least one phase-continuous tone over the early pag-
ing indicator occasion by monitoring for the respective early
paging indicator specific to the subgroup of mobile devices to
which the mobile device belongs that comprises at least one
phase-continuous tone over the early paging indicator occa-
sion.

[0077] In some embodiments, the early paging indicator
detector function is further configured to: receive via the
wireless access radio a reference tone within a subcarrier
frequency space; and monitor for the respective early paging
indicator specific to the subgroup to which the mobile device
belongs by monitoring for a tone having an offset from the
frequency of the reference tone corresponding to the sub-
group to which the mobile device belongs.

[0078] In some embodiments, the early paging indicator
detector function is further configured to: receive via the
wireless access radio a timing correction tone; and determine,
based on at least one of the activation and deactivation edges
of the timing correction tone, the timing associated with
waking up at least one of the early paging indicator detector
function and the wireless access radio for the next early
paging indicator occasion.

[0079] In some embodiments, the early paging indicator
detector function is configured to monitor for an early paging
indicator that comprises at least one phase-continuous tone
over the early paging indicator occasion by monitoring at
least one band-edge subcarrier frequency, which lies inside an
allocated frequency band but outside a frequency range con-
figured for data transmission, allocated for transmission of
the early paging indicator.
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[0080] In some embodiments, the early paging indicator
detector function is configured to place the mobile device in
an energy saving mode in response to at least one of the
following: upon detecting an absence of an early paging
indicator indicative that a page is present in the paging occa-
sion; and upon detecting a presence of an early paging indi-
cator indicative that a page is not present in the paging occa-
sion.

[0081] Embodiments of the present disclosure are appli-
cable to any OFDM-based radio access technology, such as
(but not limited to)

[0082] E-UTRA (Evolved Universal Terrestrial Radio
Access) (e.g. LTE (Long Term Evolution), LTE-A (LTE
Advanced), etc); and

[0083] WiMAX (Worldwide Interoperability for Micro-
wave Access).

[0084] Three examples of methods for providing an early
paging indicator in accordance with the present disclosure
will now be described with reference to FIGS. 1A, 1B and 1C.

[0085] FIG.1A is a flowchart of an example of a method in
a network component for providing an early paging indicator
indicative of when a page is potentially present in an upcom-
ing paging occasion. Within this document, the terms “page”
and “paging message” may be used interchangeably. An
access node is an example of a network component in which
some embodiments of the present disclosure may be imple-
mented. A base station and a relay node are each an example
of an access node in which some embodiments of the present
invention may be implemented. In some embodiments, as
described later, the base station may be an eNB (evolved
Node B) station in an E-UTRA network. The method shown
in FIG. 1A is illustrated for a single paging subgroup, but it is
understood that one or more paging subgroups may exist for
the same paging occasion and that the procedure described in
FIG. 1A may need to be repeated for each of these potentially
multiple paging subgroups. The same is true for the methods
illustrated in FIGS. 1B and 1C.

[0086] The method in FIG. 1A begins at decision block 20,
in which it is determined if a pending page is present for an
upcoming paging occasion.

[0087] Ifapending page is present (Yes path from decision
block 20), the method proceeds to block 22, in which, during
an early paging indicator occasion in advance of the paging
occasion, the network component transmits an early paging
indicator that is indicative that a page is present in the paging
occasion. The early paging indicator comprises at least one
phase-continuous tone for the early paging indicator occa-
sion, which can potentially reduce the processing complexity
associated with detecting an early paging indicator. Each such
tone is individually phase-continuous, and the phase of a first
such phase-continuous tone could be different from the phase
of a second such phase-continuous tone.

[0088] A tone is defined here as a single-frequency wave-
form being transmitted with a fixed frequency. Information
may be communicated by varying at least one property of this
waveform, where such properties include its phase (possibly
relative to a reference phase) and amplitude. The amplitude
may be set to zero in certain cases. This particular case is
termed On-Off-Keying (OOK), where information is com-
municated via the presence (i.e. a non-zero waveform ampli-
tude) or absence (i.e. a waveform amplitude equal to zero) of
the waveform.
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[0089] Following block 22, the method proceeds to block
24, in which the network component transmits the pending
page during the paging occasion, and the method is done for
that paging occasion.

[0090] Insomeembodiments, ifitis determined in decision
block 20 that there is not a pending page for the paging
occasion (No path for block 20), the method is done for that
paging occasion.

[0091] Insomeembodiments, the page transmitted in block
24 is modulated prior to transmission using the standard
modulation used for paging messages. In many cases, in order
to receive paging messages, a mobile device must be in a
relatively high energy-consuming state. This is due at least in
part to the fact that the encoding and modulation used to
encode and modulate pages typically require resource-inten-
sive processing in order to be demodulated and decoded. In
contrast, because differing modulation types are utilized to
modulate early paging indicators and pages in embodiments
of the present disclosure, a mobile device can potentially
receive and demodulate an early paging indicator that is trans-
mitted such that it comprises at least one phase-continuous
tone for the early paging indicator occasion and can be
decoded in a lower energy-consuming state.

[0092] In some embodiments, a mobile does not need to
transition into a higher energy-consuming state associated
with demodulation of messages, such as pages, encoded and
modulated using a different modulation type, should the
mobile device determine based on the EPI decoding result
that there is no potential page present in the paging occasion
based on the early paging indicator.

[0093] The example method illustrated in the flowchart of
FIG. 1A is based on a “positive” indication from the network
component that a potential page is present in the upcoming
paging occasion. That is, in accordance with FIG. 1A, the
network component transmits the early paging indicator to
indicate that a mobile device should check for a page during
the upcoming paging occasion.

[0094] Incontrast, the method illustrated in the flowchart of
FIG. 1B involves the transmission of a “negative” early pag-
ing indicator that indicates that a mobile device should not
check for a page during the upcoming paging occasion. In
some embodiments, the default behaviour of the mobile
device is to check for a page at each paging occasion unless a
“negative” early paging indicator is received in an early pag-
ing indicator occasion in advance of the paging occasion.
[0095] The method illustrated in the flowchart of FIG. 1B
begins at block 30, in which the network component deter-
mines if there is a pending page for the upcoming paging
occasion.

[0096] Ifapending page is not present (No path from deci-
sion block 30), the method proceeds to block 32, in which,
during an early paging indicator occasion in advance of the
paging occasion, the network component transmits an early
paging indicator that is indicative that a page is not present in
the paging occasion. Similar to the “positive” early paging
indicator transmitted in block 22 of FIG. 1A, the “negative”
early paging indicator transmitted in block 32 of FIG. 1B
comprises at least one phase-continuous tone for the early
paging indicator occasion.

[0097] Following block 32, the method is done for that
paging occasion.

[0098] In the illustrated embodiment of the method, if it is
determined in decision block 30 that there is a pending page
for the paging occasion (Yes path for block 30), the method
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proceeds to block 34, in which the network component trans-
mits the pending page during the paging occasion, and the
method is done for that paging occasion.

[0099] Insomeembodiments, some mobile devices, groups
of mobile devices or subgroups of mobile devices, as
described later, are configured to monitor for “positive” early
paging indicators in accordance with FIG. 1A, while others
are configured to monitor for “negative” early paging indica-
tors in accordance with FIG. 1B. Accordingly, in some
embodiments, a network component may be configured to
provide early paging indicators in accordance with the
example method illustrated in FIG. 1A, the example method
illustrated in FIG. 1B, or both.

[0100] FIG. 1C is a flowchart of an example of a method in
anetwork component for providing an early paging indicator
indicative of when a page or paging message is potentially
present or is expected to be absent in an upcoming paging
occasion. The method in FIG. 1C begins at block 40, in which
the network component determines if any of the UEs in the
paging subgroup being considered have a pending page. If
there is at least one pending page for at least one UE in the
subgroup (Yes path from block 40), the method proceeds to
block 42, in which, during an early paging indicator occasion
in advance of the paging occasion which contains at least one
page, the network component transmits an early paging indi-
cator that indicates that at least one page for at least one UE in
the paging subgroup is present in the associated paging occa-
sion. The early paging indicator comprises at least one phase-
continuous tone for the early paging indicator occasion.
[0101] It is understood that the early paging indicator is
modulated with a modulation type that produces a phase-
continuous waveform for the early paging indicator occasion.
Modulation is the process of varying at least one property of
an output transmitted signal based on the values contained in
an input information signal. This process may include mul-
tiple individual processing steps between the input and out-
put, such as error correction coding, bit interleaving, mapping
to constellation symbols, and conversion between frequency
and time domains (e.g. via an IFFT (Inverse Fast Fourier
Transform)). The input information signal may comprise a set
of one or more information bits.

[0102] Insome cases, modulation may notinclude all of the
example listed processing steps.

[0103] Insomecases,additional processing steps which are
not specifically listed above may also be included as part of
modulation.

[0104] The term “modulation type”, as used herein, is
defined as a specific sequence of processing steps between the
input information signal and the output modulation signal.
For example, one modulation type may comprise the three
consecutive steps of error correction coding, bit interleaving,
and constellation mapping, while another different modula-
tiontype may simply comprise the single step of constellation
mapping. As such, the particular sequence and selection of
processing steps included in a modulation type are implemen-
tation-specific details and the specific examples described
herein are understood as merely illustrative of aspects of the
present disclosure without being limiting.

[0105] Following block 42, the method proceeds to block
44, in which the network component transmits the page dur-
ing the paging occasion, and the method for the paging sub-
group concludes in preparation for either processing another
paging subgroup for the same paging occasion or else waiting
for the next paging occasion.
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[0106] Ifthere is no pending page for any of the UEs in the
paging subgroup (No path from block 40), the method pro-
ceeds to block 46, in which, during an early paging indicator
occasion in advance of the paging occasion which does not
contain a page for the paging subgroup, the network compo-
nent transmits an early paging indicator that comprises at
least one phase-continuous tone and which indicates that a
page is not expected to be present in the associated paging
occasion, and the method for the paging subgroup concludes
in preparation for either processing another paging subgroup
for the same paging occasion or else waiting for the next
paging occasion.

[0107] In some embodiments, the default behaviour of the
mobile device is to check for a page at each paging occasion
unless a “negative” early paging indicator is received in an
early paging indicator occasion in advance of the paging
occasion.

[0108] Insome embodiments, the early paging indicator is
modulated using simple On-Off-Keying, and in this case the
processing steps contained in block 46 of FIG. 1C or the
processing steps contained in block 42 and 44 of FIG. 1C are
not performed or are skipped. For On-Off-Keying, if a “posi-
tive” early paging indicator (indicative that a page is present
in the associated paging occasion for an “ON” keyed condi-
tion) is to be sent, then only the steps contained in block 42
and block 44 of FIG. 1C are performed and the steps con-
tained in block 46 of FIG. 1C are not performed (i.e.,
skipped). In contrast, for On-Oft-Keying, ifa “negative” early
paging indicator (indicative that a page is not present in the
associated paging occasion for an “ON” keyed condition) is
to be sent, then only the steps contained in block 46 of F1IG. 1C
are performed and the steps contained in block 42 and block
44 of FIG. 1C are not performed (i.e., skipped). Examples of
such operation are illustrated in the flowcharts of FIGS. 1A
and 1B respectively.

[0109] In other embodiments, the early paging indicator
could be modulated using a different modulation type such as
Phase Shift Keying, for example BPSK (Binary Phase Shift
Keying) or QPSK (Quadrature Phase Shift Keying), constel-
lation mapping which, during a single modulation symbol
over the EPI occasion the waveform maintains a phase-con-
tinuous tone. Detection of an On-Off-Keying modulated
early paging indicator is generally simpler and requires less
signal processing resources as compared to BPSK or QPSK,
as the latter constellation mappings typically involve coher-
ent demodulation or differential demodulation, while On-
Off-Keying modulation resolves any phase ambiguity prob-
lem, etc.

[0110] In some embodiments, the early paging indicator
occasion in advance of a paging occasion comprises a plural-
ity of symbol intervals and transmitting an early paging indi-
cator indicative of the presence or not of a pending page
comprises transmitting an early paging indicator that com-
prises at least one phase-continuous tone for the plurality of
symbol intervals. A symbol interval is an OFDM symbol
duration plus the cyclic prefix duration.

[0111] In some embodiments, a given paging occasion is
associated with a group of mobile devices, wherein the group
of mobile devices comprises a plurality of subgroups of
mobile devices within the group. For a page associated with a
subgroup, or a mobile device within the subgroup, transmit-
ting, during the early paging indicator occasion in advance of
the paging occasion, an early paging indicator indicative that
the page is present in the paging occasion comprises trans-
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mitting an early paging indicator specific to the subgroup that
comprises at least one phase-continuous tone over the dura-
tion of the early paging indicator occasion.

[0112] In some embodiments, for a paging occasion in
which no page is present for a subgroup, transmitting an early
paging indicator indicative that a page is not present in the
paging occasion comprises, for each subgroup for which no
page is to be transmitted during the paging occasion, trans-
mitting, during the early paging indicator occasion in advance
of the paging occasion, an early paging indicator specific to
the subgroup that comprises at least one phase-continuous
tone over the duration of the early paging indicator occasion
and indicative that a page is not present in the paging occasion
for the subgroup.

[0113] In some embodiments, the early paging indicators
specific to particular subgroups collectively comprise a plu-
rality of tones each having a respective frequency offset from
a subcarrier frequency of an OFDM resource space.

[0114] In some embodiments, for a given subcarrier allo-
cated for EPI transmission, only one EPI tone within the
subcarrier frequency range is used in order to maintain the
orthogonality of the EPI tones and data subcarriers.

[0115] In some embodiments, the plurality of tones com-
prise a reference tone, a timing correction tone and, for each
subgroup, a separate tone having a subgroup-specific offset in
frequency from the reference tone.

[0116] In some embodiments, each early paging indicator
has a length in terms of a number of OFDM symbols that
exceeds the number of tones in the plurality of tones.

[0117] In some embodiments, at least one early paging
indicator has a length in terms of OFDM symbols that
exceeds the length of one subframe.

[0118] In some embodiments, the method further com-
prises transmitting an indication of how far in advance of the
paging occasion the early paging indicator will be transmit-
ted, so that the mobile devices know when to wake up, assum-
ing they are in a reduced energy-consumption “idle” state,
and monitor for the early paging indicator.

[0119] Insome embodiments, transmitting an early paging
indicator indicative that a page is not present in the paging
occasion comprises transmitting the early paging indicator in
one or more physical resource blocks that would otherwise be
used for data transmission. In some embodiments, the method
further comprises dynamically re-allocating these physical
resource blocks for data transmission (rather than early pag-
ing indicator transmission) having regard to traffic load.
[0120] In some embodiments, transmission of the early
paging indicator is punctured with transmission of at least one
reference signal.

[0121] In some embodiments, transmission of the early
paging indicator is repeated in consecutive subframes.
[0122] In some embodiments, the plurality of tones each
having a respective frequency offset from a subcarrier fre-
quency and the resulting time-domain waveform for the k-th
(k=-M/2,...,-1,0,1,..., M/2-1) tone in a subcarrier is
given by
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where M is the partitioning factor to divide a nominal sub-
carrier into a plurality of tones, {3 .5, is the amplitude of the
early paging indicator (EPI) waveform, oy, zp;, is the On-Off-
Keying modulated early paging indicator symbol including
an initial phase for the k-th tone of the plurality of tones
within the data subcarrier (the phase contained in o5, main-
tains a constant value over the EPI occasion, but may change
from one EPI time interval to another), and k, z»; is the
subcarrier offset in a configured channel bandwidth assigned
to carry early paging indicator tones.

[0123] In some embodiments, within a subcarrier fre-
quency range allocated for the transmission of EPI tones, the
EPI tone with index k=0 is used for the EPI transmission
while other possible EPI tones with tone index k=0 are left
unused. One benefit of that is the 0-th EPI tone is orthogonal
within any nominal OFDM symbol interval (interval dura-
tion=1/Af) to the waveforms of other data subcarriers. Note
that if multiple EPI tones within the same subcarrier are used
for EPI transmission, those EPI tones are orthogonal to each
other with alonger observation interval (interval duration=M/
Af) but those EPI tones may introduce potential interference
to other non-EPI subcarriers, a remedy to which is to intro-
duce a sufficient guard band at both sides of the EPI tones and
guard band is notused to transmit anything. Another way is to
introduce some window function to the amplitude of the tone.
It is possible to consider a guard band together with a win-
dowing function.

[0124] Insomeembodiments, one or more data subcarriers
may be subdivided into EPI tones as described above. Insome
embodiments, the EPI tones, reference tone, and timing cor-
rection tone may have a one-to-one mapping to data subcar-
riers with no subdivision of data carriers occurring.

[0125] In some embodiments, there is no layer mapping
and precoding in the modulation type used for modulation of
the early paging indicator.

[0126] In some embodiments, at least one band-edge fre-
quency band is allocated for transmission of the early paging
indicator.

[0127] In some embodiments, the network component
receives signaling from at least one mobile device identifying
at least one preferred location of the early paging indicator
within an OFDM resource space. In some embodiments, the
network component may provide a set of possible early pag-
ing indicator locations to the mobile devices, which may then
indicate their preferences from this set.

[0128] In some embodiments, the method further com-
prises broadcasting early paging indicator location and con-
figuration information.

[0129] In some embodiments, the method further com-
prises broadcasting an indication of the number of subgroups,
e.g. distinct early paging indicators, associated with the pag-
ing occasion.

[0130] Insomeembodiments, transmitting the early paging
indicator comprises puncturing transmission of the early pag-
ing indicator on at least one subcarrier otherwise allocated for
Physical Downlink Control CHannel (PDCCH) transmis-
sions.

[0131] Example details of amobile device 10 in accordance
with an embodiment of the present disclosure are shown in
FIG. 2. Mobile device 10 has a wireless access radio 11, a
processor 12, an EPI detector function 13, and a memory 17.
The mobile device 10 may have other components, but they
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are not shown for the sake of simplicity. In some embodi-
ments the memory 17 may include a SIM (Subscriber Identity
Module).

[0132] Wireless access radio 11 is functionally connected
to processor 12 and EPI detector function 13. Processor 12 is
also functionally connected to EPI detector function 13 and
memory 17. EPI detector function is also functionally con-
nected to memory 17.

[0133] Operation of the mobile device 10 will now be
described by way of detailed example with reference to FIGS.
1A, 1B, 1C and 2.

[0134] Wireless access radio 11 is configured to transmit
and receive wireless signalling from at least one wireless
network, via at least one wireless radio access technology
(RAT). Processor 12 is configured to, amongst other things,
process data associated with wireless communication via
wireless access radio 11, store and receive data in/from
memory 17 and communicate with EPI detector function 13.
[0135] EPIdetector function 13 is configured to monitor an
early paging indicator occasion in advance of a paging occa-
sion in order to determine if the mobile device should look for
a potential page during the paging occasion. In particular, EPI
detector function 13 is configured to monitor for an early
paging indicator modulated using a first modulation type that
results in an early paging indicator that comprises at least one
phase-continuous tone over the duration of the early paging
indicator occasion. Depending on whether the EPI detector
function 13 is configured to look for either a “positive” or
“negative” early paging indicator, EPI detector function 13 is
configured to either advise processor 12 to attempt to receive
apage via wireless access radio 11 during the paging occasion
upon detecting an early paging indicator indicative of a poten-
tial page during the paging occasion, wherein the page is
expected to be modulated using a second modulation type that
differs from the first modulation type, or advise processor 12
to attempt to receive a page modulated using the second
modulation type via wireless access radio 11 during the pag-
ing occasion upon failing to detect an early paging indicator
indicative that no potential page is present for the mobile
device during the paging occasion. During the time periods
other than the EPI occasions or the paging occasions when the
EPI is indicative of no potential pending paging message, the
wireless access radio 11, the hardware associated with the
EPI detector function 13, as well as the processor 12 and
memory may be placed in a low energy consumption mode by
the processor 12 if they are not needed in other tasks. Other-
wise, they are placed in a mode that consumes energy at a
higher rate.

[0136] In some embodiments, if EPI detector function 13
detects an early paging indicator indicating that no page is
present for the mobile device during the paging occasion,
processor 12 will not attempt to receive a page via the wireless
access radio 11 during the associated paging occasion.
[0137] In some embodiments, if EPI detector function 13
detects absence of an early paging indicator indicating that a
page is present for the mobile device during the paging occa-
sion, processor 12 will not attempt to receive a page via the
wireless access radio 11 during the paging occasion.

[0138] As noted above, FIGS. 1A and 1B illustrate flow-
charts of methods by which a network component may gen-
erate an early paging indicator for a given paging occasion
indicating that a page is present or is not present, respectively,
during the paging occasion. FIG. 1C illustrates a flowchart of
a method that generates an early paging indicator that indi-
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cates a page is pending for at least one device in a subgroup of
mobile devices and also generates, for one or more subgroups
for which a page is not pending for a given paging occasion,
an early paging indicator indicating that a page is not pending
in the paging occasion.

[0139] In some embodiments, EPI detector function 13 is
configured to wake up the mobile device for an early paging
indicator occasion in advance of the paging occasion and
monitor for the early paging indicator during the early paging
indicator occasion.

[0140] In some embodiments, processor 12 is configured
to: put the mobile device into a reduced energy consumption
state and wait for the next early paging indicator occasion
when either EPI detector function detects absence of an early
paging indicator indicating that a potential page is present
during the upcoming paging occasion, or when EPI detector
function detects an early paging indicator indicating that no
page is present for the upcoming paging occasion.

[0141] Insomeembodiments, the mobile device belongs to
a subgroup of a plurality of subgroups of mobile devices
associated with a given paging occasion, each subgroup hav-
ing a respective early paging indicator specific to the sub-
group, and EPI detector function 13 is configured to monitor
for the respective early paging indicator specific to the sub-
group of mobile devices to which the mobile device belongs.
[0142] In some embodiments, the respective early paging
indicators specific to particular subgroups collectively com-
prise a plurality of tones each having a respective frequency
offset from a subcarrier frequency.

[0143] In some embodiments, the plurality of tones com-
prise a reference tone, a timing correction tone and, for each
subgroup, a separate tone having a subgroup-specific offset in
frequency from the reference tone. The reference tone, the
timing correction tone, and other EPI tones are not necessar-
ily within one data subcarrier allocated for EPI transmission,
but may occupy multiple data subcarriers that have been
allocated for EPI transmission.

[0144] In some embodiments, the processor is configured
to use activation edges of the timing correction tone to correct
timing associated with waking up the mobile device for the
next early paging indicator occasion.

[0145] Insomeembodiments, monitoring for the respective
early paging indicator specific to the subgroup to which the
mobile device belongs comprises monitoring for the tone
having a respective offset from the subcarrier frequency cor-
responding to the subgroup to which the mobile device
belongs.

[0146] In some embodiments, the early paging indicator
occasion comprises a plurality of symbol intervals and EPI
detector function 13 is configured to monitor for an early
paging indicator that comprises at least one phase-continuous
tone over the early paging indicator occasion by measuring
the received energy of an early paging indicator that com-
prises at least one phase-continuous tone over the plurality of
symbol intervals, and determine that the early paging indica-
tor has been detected if the received energy that has been
measured exceeds a threshold value.

[0147] In some embodiments, EPI detector function 13 is
configured to monitor for an early paging indicator specific to
the subgroup to which the mobile device belongs by accumu-
lating a received signal on a tone frequency specific to the
subgroup over a number of OFDM symbols that exceeds the
number of tones in the plurality of tones allocated within the
OFDM subcarrier band.
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[0148] In some embodiments, EPI detector function 13 is
configured to adapt the length of the accumulation having
regard to confidence in the detection of the early paging
indicator. In some embodiments, EPI detector function 13 is
configured to terminate accumulation if a threshold value of
confidence in the detection of the early paging indicator has
been satisfied.

[0149] In some embodiments, EPI detector function 13 is
configured to monitor the respective tone of the subgroup
during the early paging indicator occasion between punctures
of at least one reference signal.

[0150] In some embodiments, EPI detector function 13 is
configured to monitor the respective tone of the subgroup in
consecutive subframes.

[0151] In some embodiments, EPI detector function 13 is
configured to monitor at least one band-edge subcarrier fre-
quency allocated for transmission of the early paging indica-
tor.

[0152] In some embodiments, mobile device 10 is config-
ured to transmit a request identifying a preferred location of
the early paging indicator within an OFDM resource space. In
some embodiments, a set of possible early paging indicator
locations may be provided to the mobile device, which then
indicates its preference(s) from this set.

[0153] In some embodiments, mobile device 10 is config-
ured to determine if an early paging indicator is provided by
a cell by receiving via wireless access radio 11 a broadcast
transmission possibly containing early paging indicator loca-
tion and configuration information.

[0154] In some embodiments mobile device 10 is config-
ured to receive broadcast information via wireless access
radio 11 indicating the number of distinct early paging indi-
cators that each comprise at least one individually phase-
continuous tone for a given early paging indicator occasion,
and determine the mobile device’s respective subgroup, EPI_
SG, according to:

EPI_SG=IMSI mod EPIs_per_EPI_occasion

where EPIs_per_EPI_occasion represents the number of dis-
tinct EPIs at each early paging indicator occasion and IMSI is
the International Mobile Subscriber Identity of the mobile
device.

[0155] Insomeembodiments, processor 12 is configured to
attempt to receive a page modulated using the second modu-
lation type during the paging occasion by transitioning
mobile device 10 to a higher energy consumption state.
[0156] There are many possibilities for the mobile device
10 shown in FIG. 2. Referring now to FIG. 3, shown is a block
diagram of another mobile device 80 that may implement any
ofthe methods described herein. It is to be understood that the
mobile device 80 is shown with very specific details for
example purposes only.

[0157] A processing device (a microprocessor 128) is
shown schematically as coupled between a keyboard 114 and
a display 126. The microprocessor 128 controls operation of
the display 126, as well as overall operation of the mobile
device 80, in response to actuation of keys on the keyboard
114 by a user.

[0158] The mobile device 80 has a housing that may be
elongated vertically, or may take on other sizes and shapes
(including clamshell housing structures). The keyboard 114
may include a mode selection key, or other hardware or soft-
ware for switching between text entry and telephony entry.
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[0159] Inaddition to the microprocessor 128, other parts of
the mobile device 80 are shown schematically. These include:
a communications subsystem 170; a short-range communi-
cations subsystem 102; the keyboard 114 and the display 126,
along with other input/output devices including a set of LEDS
104, a set of auxiliary I/O devices 106, a serial port 108, a
speaker 111 and a microphone 112; as well as memory
devices including a flash memory 116 and a Random Access
Memory (RAM) 118; and various other device subsystems
120. The mobile device 80 may have a battery 121 to power
the active elements of the mobile device 80. The mobile
device 80 is in some embodiments a two-way radio frequency
(RF) communication device having voice and data commu-
nication capabilities. In addition, the mobile device 80 in
some embodiments has the capability to communicate with
other computer systems via the Internet.

[0160] Operating system software executed by the micro-
processor 128 is in some embodiments stored in a persistent
store, such as the flash memory 116, but may be stored in
other types of memory devices, such as a read only memory
(ROM) or similar storage element. In addition, system soft-
ware, specific device applications, or parts thereof, may be
temporarily loaded into a volatile store, such as the RAM 118.
Communication signals received by the mobile device 80
may also be stored to the RAM 118.

[0161] The microprocessor 128, in addition to its operating
system functions, enables execution of software applications
on the mobile device 80. A predetermined set of software
applications that control basic device operations, such as a
voice communications module 130A and a data communica-
tions module 130B, may be installed on the mobile device 80
during manufacture. In addition, a personal information man-
ager (PIM) application module 130C may also be installed on
the mobile device 80 during manufacture. The PIM applica-
tion is in some embodiments capable of organizing and man-
aging data items, such as e-mail, calendar events, voice mails,
appointments, and task items. The PIM application is also in
some embodiments capable of sending and receiving data
items via a wireless network 110. In some embodiments, the
data items managed by the PIM application are seamlessly
integrated, synchronized and updated via the wireless net-
work 110 with the device user’s corresponding data items
stored or associated with a host computer system. As well,
additional software modules, illustrated as another software
module 130N, may be installed during manufacture.

[0162] Communication functions, including data and voice
communications, are performed through the communications
subsystem 170, and possibly through the short-range com-
munications subsystem 102. The communications subsystem
170 includes areceiver 150, a transmitter 152 and one or more
antennas, illustrated as a receive antenna 154 and a transmit
antenna 156. In addition, the communications subsystem 170
also includes a processing module, such as a digital signal
processor (DSP) 158, and local oscillators (LOs) 160. In FIG.
3, DSP 158 is shown to include an EPI detector function 13.
The EPI detector function 13 shown in FIG. 3 is configured to
operate in the same manner as the EPI detector function 13
shown as part of the mobile device 10 in FIG. 2. As such, a
repetition of its functionality is omitted here. However, it is
noted that in FIG. 3, DSP 158 has a “control” line to LOs 160
and to receiver 150 (and transmitter 152 as well although not
necessarily related to EPI Detector Function 13), so that EPI
detector function 13 is able to control LOs 160, receiver 150
and transmitter 152 in order to shut them off when EPI detec-
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tor function 13 determines that there is no pending paging
message for mobile device 80, and sleep until the next EPI
cycle. In some embodiments, the interface between DSP 158
and Microprocessor 128 includes an interrupt signal, so that
EPI detector function 13 may be able to wake up Micropro-
cessor 128 for additional protocol processing once it deter-
mines there may be a pending paging.

[0163] The specific design and implementation of the com-
munications subsystem 170 is dependent upon the commu-
nication network in which the mobile device 80 is intended to
operate. For example, the communications subsystem 170 of
the mobile device 80 may be designed to operate with the
Mobitex™, DataTAC™ or General Packet Radio Service
(GPRS) mobile data communication networks and may also
be designed to operate with any of a variety of voice commu-
nication networks, such as Advanced Mobile Phone Service
(AMPS), Time Division Multiple Access (TDMA), Code
Division Multiple Access CDMA, Personal Communications
Service (PCS), Global System for Mobile Communications
(GSM), etc. Other types of data and voice networks, both
separate and integrated, may also be utilized with the mobile
device 80.

[0164] Network access may vary depending upon the type
of communication system. For example, in the Mobitex™
and DataTAC™ networks, mobile devices are registered on
the network using a unique Personal Identification Number
(PIN) associated with each device. In GPRS networks, how-
ever, network access is typically associated with a subscriber
or user of a device. A GPRS device therefore typically has a
subscriber identity module, commonly referred to as a Sub-
scriber Identity Module (SIM) card, in order to operate on a
GPRS network.

[0165] When network registration or activation procedures
have been completed, the mobile device 80 may send and
receive communication signals over the communication net-
work 110. Signals received from the communication network
110 by the receive antenna 154 are routed to the receiver 150,
which provides for signal amplification, frequency down con-
version, filtering, channel selection, etc., and may also pro-
vide analog-to-digital conversion. Analog-to-digital conver-
sion of the received signal allows the DSP 158 to perform
more complex communication functions, such as demodula-
tion and decoding. In a similar manner, signals to be trans-
mitted to the network 110 are processed (e.g., modulated and
encoded) by the DSP 158 and are then provided to the trans-
mitter 152 for digital-to-analog conversion, frequency up
conversion, filtering, amplification and transmission to the
communication network 110 (or networks) via the transmit
antenna 156.

[0166] In addition to processing communication signals,
the DSP 158 provides for control of the receiver 150 and the
transmitter 152. For example, based on a timer (not shown in
the drawing), DSP 158 controls the receiver 150 and LOs 160
to power off and on so that during the EPI occasions the
receiver is ready to receive the potential incoming EPI modu-
lated signals. During other periods the receiver 150 and L.Os
160 are placed in a low energy consumption mode to save
energy. As another example, gains applied to communication
signals in the receiver 150 and the transmitter 152 may be
adaptively controlled through automatic gain control algo-
rithms implemented in the DSP 158.

[0167] In a data communication mode, a received signal,
such as a text message or web page download, is processed by
the communications subsystem 170 and is input to the micro-
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processor 128. The received signal is then further processed
by the microprocessor 128 for an output to the display 126, or
alternatively to some other auxiliary /O devices 106. A
device user may also compose data items, such as e-mail
messages, using the keyboard 114 and/or some other auxil-
iary 1/O device 106, such as a touchpad, a rocker switch, a
thumb-wheel, or some other type of input device. The com-
posed data items may then be transmitted over the commu-
nication network 110 via the communications subsystem
170.

[0168] In a voice communication mode, overall operation
of the device is substantially similar to the data communica-
tion mode, except that received signals are output to a speaker
111, and signals for transmission are generated by a micro-
phone 112. Alternative voice or audio I/O subsystems, such as
a voice message recording subsystem, may also be imple-
mented on the mobile device 80. In addition, the display 126
may also be utilized in voice communication mode, for
example, to display the identity of a calling party, the duration
of a voice call, or other voice call related information.
[0169] The short-range communications subsystem 102
enables communication between the mobile device 80 and
other proximate systems or devices, which need not neces-
sarily be similar devices. For example, the short-range com-
munications subsystem may include an infrared device and
associated circuits and components, or a Bluetooth™ com-
munication module to provide for communication with simi-
larly-enabled systems and devices.

[0170] For illustrative purposes, further specific embodi-
ments relating to the E-UTRA radio access technology stan-
dard are discussed below, although it is to be understood that
the concepts described herein are equally applicable to other
standards that are based on other radio access technologies,
some of which are listed above.

[0171] In order to provide some background information
relating to paging in an E-UTRA network, a brief overview on
E-UTRA downlink channel structure and the E-UTRA pag-
ing channel is given and a high-level description of the
demodulation of the E-UTRA paging channel is provided.

ABBREVIATIONS & TERMINOLOGY

[0172] For the assistance of the reader, the following listing
of abbreviations and terminology used herein is provided:

CDMA Code Division Multiple Access
CCE Control Channel Element

CFI Control Format Indicator

CP Cyclic Prefix

CW Continuous Waveform

DCI Downlink Control Information
DL DownlLink

DRX Discontinuous Reception
DwPTS Downlink Pilot Time Slot
eNB Evolved Node B

EPI Early Paging Indicator

E-UTRA Evolved Universal Terrestrial Radio Access
FDD Frequency Division Duplexing
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FFT Fast Fourier Transform
GP Guard Period
[0173] HARQ Hybrid Automatic Repeat reQuest

IFFT Inverse Fast Fourier Transform

IMSI International Mobile Subscriber Identity
LTE Long Term Evolution (aka E-UTRA)

MAC Medium Access Control

MBMS Multimedia Broadcast Multicast Service
MBSFN MBMS Single Frequency Network
MIMO Multiple Input Multiple Output

NAS Non Access Stratum

OFDM Orthogonal Frequency Division Multiplexing
OOK On Off Keying

PCH Paging CHannel

PDCCH Physical Downlink Control CHannel
PDSCH Physical Downlink Shared CHannel
[0174] PHY Physical layer

PMCH Physical Multicast CHannel
QAM Quadrature Amplitude Modulation
QPCH Quick Paging CHannel

RLC Radio Link Control

RRC Radio Resource Control

RS Reference Symbol

RSRP Reference Signal Received Power
RTC Real Time Clock

SIB System Information Block

TDD Time Division Duplexing
TD-SCDMA Time Division Synchronous CDMA
UE User Equipment

UL UpLink

UpPTS Uplink Pilot Time Slot

[0175] Unless stated otherwise, it can be assumed that all
information given in this document applies to E-UTRA FDD
(but not necessarily to E-UTRA TDD, especially at the physi-
cal layer).

E-UTRA Downlink Overview
E-UTRA Downlink Frame Structure

[0176] The E-UTRA DL PHY frame structure is shown in
FIG. 4 in FDD mode.

[0177] Inthe E-UTRA DL PHY frame structure shown in
FIG. 4, the frame structure has the following characteristics.
[0178] Each frame is 10 ms long.

[0179] Within each frame, there are 10 equal-length sub-
frames with two slots in each subframe.
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[0180] Within each slot, there are 7 OFDM symbols with
the normal CP case or 6 OFDM symbols with the extended
CP case.

[0181] Normal CP: the cyclic prefix length in OFDM sym-
bol 1 is different from that in other 6 OFDM symbols. Spe-
cifically, the CP length in OFDM symbol 1=160T ~=5.21 us,
where T,=1/(2048%15 kHz). The CP length in each of the
remaining 6 OFDM symbols=144T ~=4.69 us.

[0182] The OFDM symbol interval (excluding CP dura-
tion)=2048T,=66.67 us.

[0183] Extended CP: the cyclic prefix length is longer than
that in the normal CP case and the length is the same for all
OFDM symbols=512T =16.67 us. The OFDM symbol length
(not including the cyclic prefix) does not change and it is
equal to 66.67 us.

[0184] With the sampling interval T, the sampling rate is
30.72 MSps.
[0185] The frame structure in TDD mode is shown in FIG.

5, which is almost the same as that in FDD mode except that
special subframes are specifically defined for the backward
compatibility of TD-SCDMA [10]. This special subframe has
three fields: DWPTS, GP, and UpPTS, where DwPTS is for
the downlink pilot time slot and it can be used for downlink
transmission, GP is the guard period for the transmission
switching between the downlink and the uplink, and UpPTS
is the uplink pilot time slot and it can be used for uplink
random access and/or transmission of sounding reference
symbols. The length of each field is configurable. The trans-
mission of the special subframe can be with a 5 ms or 10 ms
periodicity. Details can be found in TS36.211 [2] and are
omitted here.

[0186] All non-special subframes in TDD are designated
for either DL or UL transmission. In particular, subframes 0
and 5 are always reserved for downlink transmission as those
two subframes need to carry the sync signal for cell identifi-
cation. Subframes immediately following the special sub-
frames are always reserved for uplink transmission. Again,
details can be found in TS36.211 [2] and are omitted here.
[0187] From the paging perspective, it should be noted that
not all subframes can be used as paging occasions.

[0188] For FDD mode, the only subframes that can be used
for paging are subframes 0, 4, 5, 9. Note that E-UTRA sync
signals for cell identification are transmitted in subframes 0
and 5 only.

[0189] For TDD mode, the only subframes that can be used
for paging are subframes 0, 1, 5, 6. Note that subframe 1 is
always a special subframe while subframe 6 is also a special
subframe if the special subframe periodicity is set to 5 ms.
[0190] A more detailed description of paging occasions is
provided later in the section entitled “Paging Cycle and Pag-
ing Occasions”.

DL Resource Block (RB) and Resource Elements (RE)

[0191] A DL resource gridis a unitof PHY resource used to
carry the transmitted signal in the DL. There are terms of
resource block (RB) and resource elements (RE). Their rela-
tion with the DL slot is illustrated in FIG. 6, where:

[0192] k: The subcarrier index ranging from subcarrier 0 to
Nz N 2-1.

[0193] 1: The OFDM symbol index ranging from symbol 0
to NsymDL—l.
[0194] N,;”*: The number of RBs configured for the DL.

For E-UTRA, n=6, 15, 25, 50, 75, 100 for channel band-
width=1.4, 3, 5, 10, 15, 20 MHz, respectively.
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[0195] N *?: The number of subcarriers per RB. For
E-UTRA, N *%=12.
[0196] NsymD ~: The number of OFDM symbols configured

for the DL slot. For E-UTRA, N, ”*=7 with the normal CP
case and NsymD =6 with the extended CP case.

DL PHY Processing

[0197] The processing chain involved in DL PHY process-
ing is illustrated in FIG. 7, where:

[0198] Scrambling: to pseudo-randomly scramble the
incoming channel encoded bits (for the purpose of having a
zero mean on the outgoing transmitted bits).

[0199] Constellation mapper: to map the input bits to QAM
symbols (QPSK, 16QAM, or 64QAM). The average power of
each symbol is normalized to 1 (digital power).

[0200] Layer mapping: to map the QAM symbols to layers
(as part of MIMO processing).

[0201] Precoding: to map the layer-mapped symbols to
antenna ports (as part of MIMO processing).

[0202] Resource mapper: to map the precoded symbols to
the resource elements. Each resource element is an element in
a time frequency grid occupying one OFDM symbol interval
(2048T long with T ,=1/(2048*15 kHz)) and 15 kHz subcar-
rier spacing. For DL, the DC subcarrier is not used and has
zero energy. Also, some band-edge subcarriers are not used
for normal data transmission because of emission control
purposes. The resource mapped symbols are passed to the
next block on an OFDM symbol by OFDM symbol basis. For
a 20 MHz channel bandwidth, each OFDM symbol has 2048
resource mapped symbols.

[0203] OFDM signal generator: to convert the input
resource mapped symbols (in frequency domain conceptu-
ally) to time domain samples and prepend a cyclic prefix for
each conversion. The conversion is done by performing an
IFFT on the input symbols. A fixed normalization factor is
used to scale the output digital power. After the conversion, a
subset of the end samples is prepended to the IFFT output to
form a cyclic prefix section (to combat the effects of disper-
sive channels).

Physical Layer DL Channels/Signals

[0204] The following physical layer DL channels/signals
may be supported (TS36.211[2]).

[0205] Physical Downlink Shared Channel, PDSCH.
[0206] Physical Broadcast Channel, PBCH.

[0207] Physical Multicast Channel, PMCH.

[0208] Physical Control Format Indicator Channel,

PCFICH. This indicates the number of OFDM symbols used
for the PDCCH.

[0209] Physical Downlink Control Channel, PDCCH.
[0210] Physical Hybrid ARQ Indicator Channel, PHICH.
[0211] Reference signal (RS).

[0212] Synchronization signal: primary sync signal (PSS)

and secondary sync signal (SSS).

[0213] The above DL channels/signals may be mapped to
different resource elements. To be specific, the mapping may
be as follows:

[0214] PDSCH can use the resource blocks and/or resource
elements not occupied by other channels/signals. Different
UEs will be allocated different RBs. It is possible that within
one subframe one UE is scheduled to use as many as all of the
RBs or as few as just one RB.
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[0215] PDCCH is within the first 2-4 OFDM symbols for a
1.4 MHz system bandwidth, and within the first 1-3 OFDM
symbols for other bandwidths. For MBSFN subframes, the
maximum length of the PDCCH is 2 OFDM symbols.

[0216] PCFICH is within the first OFDM symbol of each
subframe.
[0217] PHICH is within the first 1-3 OFDM symbols,

depending upon the PHICH configuration.

[0218] PBCH occupies a portion of the first 4 OFDM sym-
bols of slot 1 (see FIG. 3 and FIG. 4 for slot numbering).
[0219] RSs are scattered in time/frequency grids.

[0220] PSS and SSS are constrained within (62+1)*15
kHz=945 kHz around the DC subcarrier (the +1 term
accounts for the DC subcarrier) and are transmitted in one
OFDM symbol every 5 ms.

E-UTRA Paging Channel

[0221] Paging allows an eNB to broadcast notifications to
all UEs within a cell. Such notifications include:

[0222] Instructing a specific UE to move from RRC_IDLE
to RRC_CONNECTED state so that the UE can receive traf-
fic (Section 5.3.2 of TS36.331 [6]).

[0223] Informing ETWS-capable UEs of a warning mes-
sage that should be acquired (Section 5.2.1.4 of TS36.331
[6]).

[0224] Informing UEs ofapending change to the broadcast
system information (e.g. Sections 6.1 of TS36.304 [7] and
5.2.1.3 of TS36.331 [6]).

DL Channel Overview

[0225] FIG. 9 (adapted from FIGS. 5.3.1-1 and 6.1.3.1-2 of
TS36.300) shows the various channel mappings for the
E-UTRA (E-UTRA Release 8) downlink from the perspec-
tive of the UE receiver. Here, we focus only on the channels
that are relevant to paging.

[0226] The PDCCH (Physical Downlink Control CHannel)
carries control information to the physical layer describing
how the traffic on the PDSCH (Physical Downlink Shared
CHannel) should be demapped and decoded. As shown in the
diagram, all other traffic is carried over the PDSCH (except
for a small amount of broadcast system information that is
carried on the PBCH (Physical Broadcast CHannel)). At the
transport channel level, the appropriate PDSCH traffic may
be demapped to paging traffic via the PCH (Paging CHannel)
transport channel, which in turn maps to the PCCH (Paging
Control CHannel) logical channel. Note that the PCCH is a
unidirectional broadcast channel and is not associated with a
specific Signalling Radio Bearer (SRB). Instead, any mes-
sages received on the PCCH can be sent directly to RRC for
further processing.

Paging Cycle & Paging Occasions

[0227] FIG. 10 illustrates the concept of the paging cycle
and a specific paging occasion for a UE.

[0228] The default paging cycle length is set in a broadcast
Radio Resource Control (RRC) information element. Valid
values for the default paging cycle length are: 32, 64, 128, and
256 radio frames (one radio frame is 10 ms in length and
contains ten subframes).

[0229] Within a given paging cycle, a given UE will have
exactly one paging occasion. This paging occasion corre-
sponds to one subframe where the UE must monitor the
PDCCH with the P-RNTI (Paging Radio Network Temporary
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Identifier) in order to search for any paging messages that
have been transmitted by the eNB. A UE’s paging occasion
always occurs at the same relative location within the paging
cycle, but different UEs may have different paging occasion
locations within the paging cycle. There is little point fora UE
to search for paging messages outside of its own paging
occasion, since the eNB will only page a specific UE within
the paging occasion corresponding to that UE. It is possible
that multiple UEs share the same paging occasion and could
therefore be considered to belong to the same paging group.

Section 7.1 of TS36.304 [7] describes the process by which a
UE can determine its paging occasion location. T corresponds
to the default paging cycle length. The other parameter that is
set by PCCH-Configuration is termed nB and is used to derive
the number of paging groups. Valid values for nB are: 4T, 2T,
T, T/2, T/4, T/8, T/16, and T/32.

[0230] Other parameters that are used when calculating the
paging occasion location include the following.

[0231] N=min(T, nB)

[0232] Ns=max(1l, nB/T)

[0233] UE_ID=IMSI mod 1024

[0234] Possible values for Nsare 1,2 and 4. Ifa UE does not

have an IMSI (e.g. when making an emergency call without a
USIM (Universal Subscriber Identity Module)), then it
should use the default identity UE_ID=0. The IMSI is given
as a sequence of decimal digits (i.e. each digit in the range
from O to 9) that shall be interpreted directly as a decimal
number rather than as representing a hexadecimal number.
[0235] The Paging Frame (PF) that contains a UE’s paging
occasion can be determined as radio frames that satisfy the
following equality.
SFN mod 7=(7 div N)*(UE_ID mod N)

where SFN is the System Frame Number of a radio frame, and
T, N, and UE_ID are as defined further above.
[0236] The index value i_s is then used to determine the
specific subframe within the paging frame that represents the
UE’s paging occasion.

i__s=floor(UE_ID/N)mod Ns

[0237] This index is then used to select a specific subframe
according to Table 1 for an FDD system (taken from Section
7.2 of TS36.304 [7]). This subframe represents the UE’s
paging occasion.

TABLE 1

Subframe patterns for paging occasions in an FDD system

Paging Occasion subframe index

Ns is=0 is=1 is=2 is=3
1 9 na n/a n/a
2 4 9 n/a n/a
4 0 4 5 9
[0238] Depending upon the configured value of Ns for a

particular cell, paging may occur in 1, 2 or 4 subframes of
each 10 ms radio frame.

[0239] Table 2 shows the subframe patterns for paging
occasions in a TDD system (taken from Section 7.2 of TS36.
304 [7]). This subframe represents the UE’s paging occasion.
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TABLE 2

Subframe patterns for paging occasions in a TDD system

Paging Occasion subframe index

Ns i_s=0 is=1 is=2 i_s=3
1 0 n/a n/a na
2 0 5 n/a na
4 0 1 5 6
[0240] FIG. 11 shows an example paging occasion fora UE

within the paging cycle. Here, the UE’s paging occasion
corresponds to subframe 4 of the second radio frame of the
paging cycle.

Paging Message Processing

[0241] Please note the following for paging message pro-
cessing.
[0242] When to search: RRC is responsible for instructing

the PHY when (i.e. within which subframes) to search for
paging signals.

[0243] PDCCH detection: Paging messages can be identi-
fied by searching within the common search space of the
PDCCH for DCI 1C and 1A allocations whose CRCs have
been scrambled with the P-RNTI (Table 7.1-2 of TS36.213
[4]).

[0244] Determine HARQ redundancy version: No HARQ
retransmissions are performed on paging traffic. If'a DCI 1C
addressed to the P-RNTI is observed, the corresponding
redundancy version to be assumed for decoding purposes
shall be O (Section 7.1.7.3 0f TS36.213 [4]). Note that DCI 1C
does not explicitly signal HARQ redundancy version infor-
mation. DCI 1A explicitly signals HARQ redundancy version
information and the redundancy version for paging would be
expected to be set to 0 all the time (Again, no HARQ retrans-
missions of a paging message are performed).

[0245] Determine MIMO mode: Table 7.1-2 of TS36.213
[4] states that if the observed number of BCH antenna ports is
one, then single antenna port, port 0 is used for the PDSCH
transmission scheme of the PCH; otherwise, transmit diver-
sity is used.

[0246] PDSCH demodulation: Paging messages are broad-
cast on the PCH (Paging CHannel) transport channel, which
is mapped to the PDSCH. That means, PDSCH demodulation
is needed to extract the data for the paging message.

[0247] Transport blocks corresponding to PCH transmis-
sions use the transparent mode MAC and TM (Transparent
Mode) RLC, so the received and decoded PCH transport
block should arrive (via the PCCH (Paging Control CHannel)
logical channel) at RRC unchanged (i.e. there are no MAC or
RLC headers to remove). DL-HARQ (either combining or
ACK/NACKing) is not applicable to the PCH.

[0248] The format of the RRC Paging message is described
in Section 6.2.2 of TS36.331 [6] and is omitted here.

[0249] The procedure to follow by a UE receiving a Paging
message is described in Section 5.3.2.3 of TS36.331 [6].
[0250] IfaUE isin RRC_IDLE, the UE shall examine the
paging record list. If any of the ue-Identity fields matches the
values allocated by NAS, then ue-Identity and cn-Domain
should be forwarded to NAS.

[0251] If the UE is in either RRC mode (RRC_IDLE or
RRC_CONNECTED):
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[0252] If the systemInfoModification flag is present, the
system information shall be reacquired following the next
modification period boundary.

[0253] Ifthe UE is ETWS-capable and the etws-Indication
flag is present, the necessary ETWS information shall imme-
diately be acquired.

E-UTRA Paging Channel Demodulation

[0254] A summary on the demodulation of the E-UTRA
paging channel is given here.

Paging Demodulation Processing Flow and Timeline

[0255] The paging demodulation processing flow is shown
in FIG. 12 and an example of the processing timeline is shown
in FIG. 13. In the example, for illustrative purposes, the
number of OFDM symbols for PCFICH/PDCCH is set to
four.

[0256] To demodulate the paging channel, UE does the
following.
[0257] Turn on the Rx processing chain at the subframe

corresponding to the paging occasion for this UE. UE might
need to turn on the reception earlier to estimate the frame
timing accurately and to improve the channel estimation.
[0258] Decode the PCFICH to know the number of OFDM
symbols used to carry the PDCCH. Then, decode and search
the PDCCH to check if there is any paging message for this
paging occasion. The actual paging message contents are in
the PDSCH portion of the same subframe.

[0259] To decode the PCFICH and PDCCH, Rx FFT pro-
cessing needs to be done for each OFDM symbol to convert
the time-domain samples to the frequency-domain resource
elements. Also, the channel estimation, equalization, search-
ing of all relevant control channel element (CCE) combina-
tions, and blind decoding of each PDCCH candidate, are
needed. A further description of PCFICH and PDCCH
demodulation is provided in the following sections entitled
“PCFICH Demodulation” and “PDCCH Demodulation”.
[0260] Turn off the Rx processing chain if there is no pag-
ing message for this paging occasion or continue to process
the PDSCH to obtain the actual paging message. Note that the
Rx turning off cannot be done immediately following the
PCFICH/PDCCH symbols due to the fact that UE might need
a few OFDM-symbol intervals to decode PCFICH/PDCCH
and to determine if there is a paging message. Meanwhile, the
UE must continue buffering PDSCH samples in the event that
the UE needs to extract a PCH transmission.

PCFICH Demodulation

[0261] A block diagram for the PCFICH demodulation at
UE is shown in FIG. 14, where the PCFICH modulation at
eNB is also plotted to show a complete PCFICH processing
chain from transmitter to receiver.

[0262] As shown in FIG. 14, the PCFICH modulation at
eNB needs to encode the input control format indicator (CFI),
scramble the resulting encoded 32 bits based on the cell ID,
constellation map the scrambled bits to QPSK, perform layer
mapping and precoding depending on the number of Tx
antennas, and finally map the resultant data to the resource
elements and perform the OFDM Tx IFFT processing to
convert the frequency-domain signal to the time-domain sig-
nal. Details on PCFICH modulation can be found in TS36.
212 [3] and TS36.211 [2] and are omitted here.
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[0263] Note that the control format indicator takes one of
three possible values, i.e., 1, 2, or 3. The number of OFDM
symbols used for PDCCH transmission is CFI for system
bandwidth=3, 5, 10, 15, or 20 MHz and is CFI+1 for system
bandwidth=1.4 MHz.

[0264] The PCFICH demodulation at UE is to perform a
series of reverse processing of the PCFICH modulation at
eNB and that reverse processing includes OFDM Rx FFT
processing, resource demapping, channel estimation and
equalization to compute the soft-bits, descrambling, and the
final channel decoding for the decision on CFI.

[0265] Due to the block coding of 32 bits (=15 dB),
PCFICH can provide up to 15 dB gain against the signal
attenuation (for the cell coverage) and fading. (The gain is
actually smaller than 15 dB due to the non-coherent detection
to detect three possible CFI values.)

PDCCH Demodulation

[0266] A block diagram for the PDCCH demodulation at
UE is shown in FIG. 15, where the PDCCH modulation at
eNB is also plotted to show a complete PDCCH processing
chain from transmitter to receiver.

[0267] As shown in FIG. 15, the PDCCH modulation at
eNB needs to process multiple DCIs. For each DCI, based on
the input information bearing DCI bits, eNB will attach CRC
bits (scrambled based on RNTI and possibly an antenna
mask), encode the concatenated information and CRC bits,
perform rate matching to match the number of coded bits to
the number of channel bits that can be accommodated by the
physical channel, and multiplex and scramble the rate-
matched bits. The resultant bits of each DCI will finally go
through a common processing chain, i.e., QPSK constellation
mapping, layer mapping and precoding, resource mapping,
and OFDM Tx FFT processing to complete the whole
PDCCH modulation. Details on PDCCH modulation can be
foundinTS36.212[3]and TS36.211 [2] and are omitted here.
[0268] The PDCCH demodulation at a UE needs to per-
form the reverse processing to extract common (broadcast)
DCIs and/or UE-specific DCIs. The processing comprises
OFDM Rx FFT processing, resource demapping, channel
estimation and equalization to compute the soft bits. For the
DCI of interest, UE needs to perform demultiplexing,
descrambling, rate-dematching, channel decoding, and the
final CRC checking and CRC detaching in order to decode the
DCIL.

[0269] The search loop shown in the figure is for the blind
detection. The reason is as follows.

UESs inthe RRC_IDLE state need to check the common DCls
only. eNB may use DCI format 1A or 1C to encode the DCI
bits. Therefore, UE may need to try decoding DCI 1A and 1C
blindly. In each case, a pass of CRC check indicates a suc-
cessful blind detection.

[0270] On a per subframe basis, UEs in the RRC_CON-
NECTED state generally need to check only the UE-specific
DCIs. The location of a UE-specific DCI may be determined
by the assigned RNTI, although a UE-specific DCI may also
be located in the common search space of the PDCCH. How-
ever, the location also depends on the number of control
channel elements (CCE) used by the eNB. A CCE can be
regarded as a group of resource elements for the control
channel transmission. Several CCEs can be aggregated
together to carry one DCI. The number of aggregation levels
is from a finite set {1, 2, 4, 8} but the aggregation level used
for a particular DCI transmission is unknown to UEs. As a







































