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SYSTEM FRAME NUMBER SYNCHRONIZATION

TECHNICAL FIELD

Embodiments herein relate to wireless communication systems, such as
telecommunication systems. In particular, embodiments herein relate to M2M

communication between wireless devices.

BACKGROUND

In general, power consumption is of great importance in modern
communication applications. Machine-to-Machine, M2M, communications, for
example, is an increasingly popular paradigm and M2M ftraffic and devices are
envisioned to grow to a large extent in the near future. For this type of
communications different optimizations to current technologies are needed
depending on the use case. One goal is to ensure that low power consumption is
possible by avoiding extensive or unnecessary signalling and keeping the device in
low-power state for long periods (i.e., have as few transmission and reception events
as possible). In a typical implementation of a device, once there is no need to receive
or transmit data, the device can switch to a deep sleep state in which its circuitry is
turned off as much as possible. In the deep sleep, the power consumption is a
fraction of the power consumption in active transmission/reception state. However, in
order to be able to wake up at a certain time the device need to have a, preferably
low power, clock. As such a low power clock would be inaccurate, i.e. there is a risk

of slipping in time and frequency during the deep sleep period.

To save power in cellular systems, User Equipment, UE may for example be
configured with the Discontinuous Reception, DRX, mechanism. This means the UE
does not need to continuously keep its receiver circuitry on and listen to downlink
traffic, and thus can save power by turning parts of its hardware (i.e., go into a

sleeping state) when there is no data to be received.

The UEs keep track of time with respect to networks by monitoring System
Frame Numbers, SFN. In LTE, SFN identifies radio frames, which are divided into 10
subframes, each with duration of 1 ms, making the length of radio frames 10 ms
each. SFN information in LTE system is broadcasted in the Master Information Block,

MIB, which is sent every 40 ms and repeated on 10 ms intervals during the 40 ms
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period. The UE can deduce the correct SFN by successfully decoding one such MIB

transmission.

Based on the SFN the UE calculates, for example, the timing of the DRX
mechanism. Using SFN the UE knows when it should wake-up and listen to downlink

paging (or other control information).

The UE hardware typically includes at least two different clock mechanisms.
One clock is an accurate clock and is used to keep correct synchronization with the
network. The other clock is a low-power clock, which can keep rough timing and is

always on.

The current range of SFNs in LTE is from 0 to 1023. As the length of a single
frame is 10 ms, this gives a SFN range of 10.24 s. The SFN thus wraps-around every
10.24 seconds, and starts a new SFN cycle. The longer the DRX cycle becomes, the
more difficult it becomes for the UE to wake up from a deep sleep-state, in which the
accurate clock is turned off, to receive DL information in the form of paging on
normal DL allocation from the network at the correct time instance. Furthermore, if
the DRX cycle would exceed the SFN, the UE could not be sure whether it had
woken up in the correct SFN cycle, as the SFN would possibly wrapped around more

than once.

For WCDMA systems the corresponding time wraps around every 40.96

seconds.

Known prior art, as in for example US Application no. 20110269434, “Method
and apparatus for timestamping uplink messages”, includes a method for using
system information for broadcasting global time, having wraparound larger than the
SFN for the network, using one radio access technology to deduce the timing in a
second radio access technology used by the network. This is how in current LTE

systems the UE may be informed of the current time in CDMA system.

There is thus a general need for a robust and efficient way of managing a

sleep state of a wireless device, such as a UE, in a wireless communication network.
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SUMMARY

It is an object to provide a robust and efficient method for managing a sleep

state of a wireless device.

It is also an object to provide a corresponding wireless device.

These and other objects are met by embodiments of the proposed technology.

According to a first aspect, there is provided a method performed by a wireless

device for managing a sleep state when a Discontinuous Reception, DRX, cycle of

the wireless device is configured to be longer than a predefined value. The method

comprises the following steps:

determining a future point in time indicating an upcoming, future reception
occasion at which the wireless device will receive a message;

entering the sleep state;

keeping track of time during the sleep state according to a first time format
by using a clock;

waking-up from the sleep state before, as monitored by the clock, the
future point in time;

reading broadcasted time information according to a second time format;
obtaining System Frame Number, SFN, synchronization based on the
broadcasted time information according to the second time format and
received System Frame Number, SFN, information;

receiving, with obtained SFN synchronization, the message at the future

point in time.

According to a second aspect, there is provided a wireless device configured

for managing a sleep state when a Discontinuous Reception, DRX, cycle is

configured to be longer than a predefined value. The wireless device comprises:

a processing circuit configured to:

» determine a future point in time indicating an upcoming, future
reception occasion at which the wireless device will receive a
message;

» cause the wireless device to enter the sleep state;

» operate a clock for keeping track of time during the sleep state

according to a first time format;
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» wake up the wireless device from the sleep state before, as monitored
by the clock, the future point in time;
» read broadcasted time information according to a second time format;
» obtain System Frame Number, SFN, synchronization based on the
broadcasted time information according to the second time format and
received System Frame Number, SFN, information; and
- a receiver configured to receive, with obtained SFN synchronization, the

message at the future point in time.

According to a third aspect, there is provided a wireless device comprising:

» a determining module for determining a future point in time indicating an
upcoming, future reception occasion at which the wireless device will receive
a message;

» asleep module for causing the wireless device to enter a sleep state;

= a time keeping module for keeping track of time during the sleep state
according to a first time format by using a clock;

= a wake-up module for waking-up the wireless device from the sleep state
before the future point in time;

» a reading module for reading broadcasted time information according to a
second time format; and

» a System Frame Number, SFN, synchronization module for obtaining SFN
synchronization based on the broadcasted time information according to the

second time format and received System Frame Number, SFN, information.

According to a fourth aspect, there is provided a method in a wireless device
for managing a sleep state when a DRX cycle of the wireless device is configured to
be longer than a predefined value, and the wireless device comprises a first clock for
keeping track of time according to a first time format. The method comprises the
following steps:

» the wireless device reading a first value from a second time format;

» the wireless device determining a first point in time indicating an
upcoming, or future, reception occasion at which the wireless device may
receive a first message;

» the wireless device entering the sleep state;

» the wireless device reading, at a second point in time before the first point

in time, a second value from the second time format;
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» the wireless device calibrating the first clock based on the first and second
value;

» the wireless device calculating, after calibrating the first clock, the first
point in time;

» the wireless receiving and reading the first message at the first point in

time.

In this way, it is possible to keep the wireless device SFN synchronized even
though the DRX cycle is extended beyond what is currently specified in the radio

communication standards, e.g. beyond the SFN range.

In particular, this allows the power consumption of the wireless device to be
reduced by using extended DRX cycles, while still operating the wireless device to

wake up in an accurate manner in view of a future reception occasion.

The wireless device will thus be able to wake-up well before any agreed
reception time, with only a rough clock mechanism keeping time, and correctly

receive the intended message.

Other advantages will be appreciated when reading the detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The various aspects of embodiments disclosed herein, including particular
features and advantages thereof, will be readily understood from the following

detailed description and the accompanying drawings, in which:

Figure 1 is a schematic diagram showing a schematic overview of an
exemplifying cellular radio communication system in which exemplifying methods

according embodiments herein may be implemented.

Figure 2 is a schematic flow diagram illustrating an example of a method for
performed by a wireless device for managing a sleep state according to an

embodiment.

Figure 3 is a schematic timing diagram illustrating an example of the timing of

actions performed by a wireless device according to an embodiment.
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Figure 4 is a schematic flow diagram illustrating an example of a method in a

wireless device for managing a sleep state according to a related embodiment.

Figure 5 is a schematic flowchart illustrating an example embodiment.

Figure 6 is a schematic block diagram illustrating an example of a wireless

device configured for managing a sleep state according to an embodiment.

Figure 7 is a schematic block diagram illustrating an exemplifying wireless

device according to another embodiment.

Figure 8A is a schematic block diagram illustrating an example of a wireless

device comprising a processing circuit and an associated memory.

Figure 8B is a schematic block diagram illustrating an example of a wireless

device comprising a group of function modules.

DETAILED DESCRIPTION

Throughout the following description similar reference numerals have been
used to denote similar elements, network nodes, parts, items or features, when

applicable.

For a better understanding of the proposed technology, it may be useful to

begin with a brief overview of an exemplifying radio communications system.

Figure 1 depicts an exemplifying radio communications system 100 in which
embodiments herein may be implemented. In this example, the radio
communications system 100 is an Long Term Evolution, LTE, system. In other
examples, the radio communication system may be any Third Generation
Partnership Project, 3GPP, cellular communication system, such as a Wideband
Code Division Multiple Access, WCDMA, network, a Global System for Mobile
communication, GSM, network, an evolution of any one of the above mentioned

systems or the like.
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The radio communication system 100 comprises a radio network node 130.
As used herein, the term “radio network node” may refer to an evolved Node B, eNB,
a control node controlling one or more Remote Radio Units, RRUs, a radio base
station, an access point or the like. The radio network node 130 may be configured to
operate over a so called system bandwidth. A portion of the system bandwidth may

be reserved, statically or dynamically, for Device-to-Device, D2D, communication.

The radio network node 130 may operate a cell C1. More generally, the cell

C1 may be comprised in the radio communication system 100.

Furthermore, a wireless device 110 may be located in the cell C1. As used
herein, the term “wireless device” may refer to a user equipment, UE, a mobile
phone, a cellular phone, a Personal Digital Assistant, PDA, equipped with radio
communication capabilities, a smartphone, a laptop or personal computer, PC,
equipped with an internal or external mobile broadband modem, a tablet PC with
radio communication capabilities, a portable electronic radio communication device,
a sensor device equipped with radio communication capabilities or the like. The
sensor may be any kind of weather sensor, such as wind, temperature, air pressure,
humidity etc. As further examples, the sensor may be a light sensor, an electronic

switch, a microphone, a loudspeaker, a camera sensor etc.

The wireless device 110 comprises a first clock, such as a low power clock,
and normally also a second clock that is more accurate than the first clock. The first
clock is an always-on clock for keeping rough time, which consumes very little power,
whereas the second clock is a fine clock which consumes more power, but not used
during sleep state. Upon wake-up, the second fine clock is synchronized to system
frame and symbol boundaries by reading a synchronization signal in the system
information. This is not directly related to the SFN synchronization, but rather an

additional level of synchronization for receiving or transmitting any message.

In some telecommunications systems (for example LTE, GSM, WCDMA) it is
currently not possible to have a time reference in the future at an arbitrary point in
such a way that the UE would wake-up, or perform other actions if it has been in a

deep sleep state with only a rough clock mechanism keeping time.

Thus, there is no solution to keep the UE SFN synchronized if the long DRX

cycle is extended and still be certain that the UE always wakes up in the correct SFN.
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This limits the usable DRX cycle values to be shorter than the SFN range. Also for
DRX cycles within SFN wrap-around the UE need to wake up well before the agreed
DL reception time with eNB and with enough time margin to cater for the worst case
internal low power clock accuracy. This will limit the battery saving efficiency for long
DRX cycles.

To be able to extend idle and connected mode DRX cycles beyond what is
currently specified and use the extended sleeping cycles efficiently, it is desirable to
provide a mechanism to relate the absolute time and the system radio frame number
(e.g. SFN in LTE).

Therefore, it is desirable to further reduce power consumption in a wireless
device. In particular, it may be beneficial to reduce power consumption in a wireless
device by means of using extended DRX cycles and still operating the wireless
device such as to wake up in an accurate manner in view of for example a potential

page message.

Extending the idle and connected mode DRX cycles to be longer than what is
currently specified can reduce UE power consumption significantly which is one of
the requirements for the emerging M2M communication scenarios. For example,
when using longer connected mode DRX and/or paging cycles than available today
for LTE (2.56 s maximum) or HSPA (5.12 s maximum), the UE may not be able to
keep track of the correct timing and synchronization to current system frame number
(SFN). This is especially likely if the UE turns off its accurate clock to save energy
while sleeping. This would mean that the UE may not know when to wake up exactly
to receive the downlink (DL) information from the network, as the calculation of the
paging occasion (subframe in LTE) is based on correct timing synchronization and
the SFN. Even if the UE may use SFN in system information as a reference to be in
sync with the network, this would only work in case the sleeping cycle does not
exceed the SFN range (10.24 s in LTE, 40.96 s in HSPA/WCDMA systems).

As outlined in the background section, there is thus a general need for a
robust and efficient way of managing a sleep state of a wireless device, such as a

UE, in a wireless communication network.
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Figure 2 is a schematic flow diagram illustrating an example of a method for
performed by a wireless device for managing a sleep state according to an

embodiment.

The method is performed by a wireless device for managing a sleep state
when a Discontinuous Reception, DRX, cycle of the wireless device is configured to

be longer than a predefined value.

In step S1, the wireless device is determining a future point in time indicating
an upcoming, future reception occasion at which the wireless device will receive a

message.

In step S2, the wireless device is entering the sleep state.

In step S3, the wireless device is keeping track of time during the sleep state

according to a first time format by using a clock.

In step S4, the wireless device is waking-up from the sleep state before, as

monitored by the clock, the future point in time.

In step S5, the wireless device is reading broadcasted time information

according to a second time format.

In step S6, the wireless device is obtaining System Frame Number, SFN,
synchronization based on the broadcasted time information according to the second

time format and received System Frame Number, SFN, information.

In step S7, the wireless device is receiving, with obtained SFN

synchronization, the message at the future point in time.

In this way, it is possible to keep the wireless device SFN synchronized even
though the DRX cycle is extended beyond what is currently specified in the radio

communication standards, e.g. beyond the SFN range.

In particular, this allows the power consumption of the wireless device to be
reduced by using extended DRX cycles, while still operating the wireless device such

as to wake up in an accurate manner in view of a future reception occasion.
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The wireless device will thus be able to wake-up well before any agreed
reception time, with only a rough clock mechanism keeping time, and correctly

receive the intended message.

It should be understood that the step of obtaining SFN synchronization is
normally an active step of using the broadcasted time information according to the
second time format and received System Frame Number, SFN, information to

establish SFN synchronization.

Normally, the clock is a low-power clock. According to a particular example,
the low-power clock is calibrated based on the broadcasted time information

according to the second time format to correct for a drift in the low-power clock.

Preferably, the future point in time is referred to using time information
according to the second time format and the SFN of the future reception occasion,

and the second time format is representative of absolute time.

It should also be understood that it is not necessary to perform all steps every
DRX cycle. For example, depending on the expected accuracy of the low-power
clock, all steps may be performed only every N cycle, and in the other cycles the
broadcasted time information according to a second time format does not have to be

read because SFN synchronization can be maintained anyway.

In a particular example, a first value of the time information according to a
second time format is read before entering the sleep state, and a second value of the
time information according to a second time format is read after waking up from the

sleep state.

For example, the predefined value may be a predetermined value according a
standard specification of a radio communication system. This means that the DRX
cycle is configured to be longer than the predetermined value according the standard

specification.

The proposed technology is particularly useful when the predefined value
refers to the SFN range. This means that the DRX cycle is configured to be longer

than the SFN range. Accordingly, the future point in time lies beyond the SFN range,
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and SFN synchronization is obtained although the SFN wraps around based not only
on received System Frame Number, SFN, information but also on the broadcasted

time information according to the second time format.

As an example, the wireless device wakes up from the sleep state when the
current time t as monitored by the clock is more than fpage — £;, where fpace is the
future point in time indicating an upcoming reception occasion and {; is a first time
period, so that the wireless device wakes up f; milliseconds before the upcoming

reception occasion.

In a further example, the clock is then calibrated based on the broadcasted
time information according to the second time format. The wireless device once
again enters the sleep state, and then wakes up from the sleep state when the
current time ¢ as monitored by the clock is more than fpace — tsen, Where feace is the
future point in time indicating an upcoming reception occasion and tsey is a second
time period, so that the wireless device wakes up tsey milliseconds before the

upcoming reception occasion, where {; is greater than or equal to fsep.

By way of example, the broadcasted time information according to the second
time format is in the form of Universal Coordinated Time, UTC, or Global Positioning
System, GPS, time. Although UTC or GPS time may be particularly useful, it should
be understood that the proposed technology is not limited thereto. There may be

embodiments in which any suitable reference time may be used.

In a particularly useful embodiment, however, the broadcasted time
information according to the second time format is in the form of UTC, and the future

point in time is referred to using UTC and SFN.

As mentioned, the wireless device may be a User Equipment, UE, and as will
be exemplified later on, the upcoming reception occasion may be a future downlink

reception event.

By way of example, the future point in time indicating an upcoming, future
reception occasion is calculated by the wireless device or obtained in negotiation with

a base station or other network node.
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According to a non-limiting example embodiment, the wireless device is a
User Equipment, UE, and Universal Coordinated Time, UTC, is read from the system
information and used by the UE to select a wake-up time in the future so that
extended long DRX cycles can be used and the UE knows when to wake-up.
Alternatively, the UE negotiates with an eNB to obtain a wake-up time for the UE to
wake-up for downlink reception. The UE then wakes up before this selected or
negotiated occasion to obtain correct timing synchronization for its low-power clock,
and later wakes up again and receives paging information or other downlink

transmission at the correct time.

Currently UEs calculate the paging times based on their ID such as the
International Mobile Subscriber Identity, IMSI, and relevant system information.
According to a particular example, the UE may thus use such information together
with the above UTC time information as a basis for calculating a wake-up time in the

future so that extended long DRX cycles can be used.

Figure 3 is a schematic timing diagram illustrating an example of the timing of

actions performed by a wireless device according to an embodiment.

As can be seen from Figure 3, a future point in time is determined indicating
an upcoming, future reception occasion at which the wireless device will receive a
message. This future point in time is generally referred to as frace and may for
example be referred to by means of a combination of absolute time, such as
UTC/GPS, and SFN information.

The wireless device then sleeps until a wake-up time {uakeup, Which is
normally determined with consideration to the currently configured the DRX cycle.
The wireless device keeps track of time during sleep state by running a clock, such

as a low-power clock to reduce power consumption.

The clock may optionally be calibrated at one or more additional occasions to

correct for any drift in the low-power clock.

Once the wireless device wakes up from sleep state, it reads broadcasted
time information such as UTC/GPS and then obtains or establishes SFN
synchronization, using the combination of for example UTC/GPS information and

SFN information.
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In case the DRX cycle is configured to be longer than the SFN range, and the
future point in time lies beyond the SFN range, SFN synchronization can be
obtained, i.e. established, although the SFN wraps around by using the broadcasted
time information such as UTC/GPS time to determine the correct SFN cycle. Next,
once the correct SFN cycle is determined, the received SFN information can be used
for normal SFN synchronization within the SFN range to ultimately find the correct

radio system frame in which reception will occur.

In a particular example, as mentioned, the future point in time is referred to
using time information according to the second time format such as UTC/GPS time
and the SFN of the future reception occasion. When the broadcasted time
information such as UTC/GPS time is read after wake-up, it is possible to correct for
any drift in the low-power clock and correctly interpret the received SFN numbers.
The broadcasted time information such as UTC/GPS time can be compared to the
UTC/GPS time that defines the future point in time for reception to be able to
establish if the reception occasion will occur during the current SFN cycle or an
upcoming SFN cycle. Once the correct SFN cycle is determined, the received SFN
numbers can be compared to the SFN number of the future reception occasion to

find the correct radio system frame in which reception will occur.

With received SFN synchronization, the wireless device can then correctly
receive the message at trace, @s can be seen at the end of the timing diagram of

Figure 3.

Figure 4 is a schematic flow diagram illustrating an example of a method in a

wireless device for managing a sleep state according to a related embodiment.

There is provided a method in a wireless device for managing a sleep state
when a DRX cycle of the wireless device is configured to be longer than a predefined
value. The predefined value may refer to the SFN range. The wireless device
comprises a first clock (a low power clock) for keeping track of time according to a

first time format.

In step S11, the wireless device reads a first value from a second time format,

such as the UTC information from SIB-16.
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In step S12, the wireless device determines a first point in time (fpace)
indicating an upcoming, or future, reception occasion at which the wireless device
may receive a first message, such as a page message or a Downlink Control

Information message.

In step S13, the wireless device enters a sleep state.

In step S14, at a second point in time (twake.up), before the first point in time

(trace), the wireless device reads a second value from the second time format.

In step S15, the wireless device calibrates the first clock based on the first

and second value.

Next, i.e. after calibrating the first clock, the wireless device calculates, in step

S16, the first point in time.

In step S17, at the first point in time, the wireless device receives, and reads,

the first message.

In general, the term ‘calibration’ should be interpreted in a broad sense, and it
may include different implementations. Examples include setting the time in an
absolute manner by using a global time reference such as UTC time, or using, if the
low-power clock is implemented as a counter, the reference time information for
comparison to the counter and then calculating an updated time interval representing

the remaining time until wake-up and/or the upcoming reception occasion.

In the following, the proposed technology will be described in more detail with

reference to non-limiting examples.

In LTE Rel-11, for example, correct Coordinated Universal Time, UTC, can be
read from the system information, Sl, and it can be used by the UE to select a wake-
up time in the future so that extended long DRX cycles can be used and the UE
knows when to wake-up, without knowing the exact SFN. Optionally, the UE may
negotiate with the eNB to obtain a wake-up time for the UE to wake up for DL
reception. The UE can then wake up before this selected or negotiated occasion to
obtain correct timing synchronization for its low-power clock and wake up again

before the actual paging occasion and receive the paging information (or other DL
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transmission) at the correct time. In this way, the combination of SFN and UTC, or
some other broadcasted time information, can be used to synchronize the UE
beyond the SFN range. Thus, embodiments herein uses two time information
formats, encoded in a finite number of bits, to obtain synchronization, e.g. in terms of
SFN, to the network. One of the time formats gives rough estimation of the correct
time instant to wake-up, i.e. the lower power clock or a first clock, while the other one

is used to fine tune the synchronization for correct operation.

Optionally, the UE may negotiate with some other network node in the

communication network to obtain a wake-up time.

It may be assumed that the UE knows the inaccuracy of its rough clock
mechanism, e.g. the always-on clock. Thus, the UE may adjust its operation to wake-
up to read the UTC time early enough based on this inaccuracy. For legacy LTE UEs
the maximum paging and DRX cycle length is 2.56 seconds so they will operate as
specified in LTE Rel-11 (or earlier) and their behaviour is not affected by the
implementation of embodiments herein. In fact, the UE behaviour is only impacted
when a longer DRX cycle is configured. Similar reasoning and method may be
applicable to other systems, like GSM and WCDMA.

Therefore, embodiments herein avoid SFN synchronization problems with
extended long DRX while using a further time format, such as the UTC time

information, e.g. received over radio interface.

Cellular systems often define multiple states for the terminal matching

different transmission activities. In Long Term Evolution, LTE, two states are defined:

. RRC_IDLE, where the terminal is not connected to a particular cell
and no data transfer in the uplink may occur. The terminal is in Discontinuous
Reception (DRX) most of the time except for occasionally monitoring the paging

channel.

. RRC_CONNECTED, where the terminal is connected to a known cell
and can receive downlink transmissions. Although expressed differently in the

specifications, it can be thought to have two “sub-states”
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o UL_IN_SYNC, where the terminal has a valid timing advance value
such that uplink transmissions can be received without collisions between different
terminals

o UL_OUT_OF_SYNC, where the terminal does not have a valid timing
advance value and hence cannot transmit data in the uplink. Prior to any

transmission, a random access is performed to synchronize the uplink.

The embodiments herein may be applied to when the wireless device 110, or
UE, is in RRC_IDLE (idle mode), or in RRC_CONNECTED (connected mode).
Therefore, more generally a first message may relate to a paging message at a
paging occasion or to control information, such as a Downlink Control Information,
DCI, message, or any other message. Consequently, according to the embodiments

herein DRX is applicable for the wireless device in both idle and connected mode.

In the following, non-limiting embodiments are described in more detail. The
described method enables the UE (and the network) to combine two different time
information to obtain correct synchronization at some future time instant. One of the
components is the system frame number (SFN), which the UE needs to follow to
keep correct frame synchronization to the network. The other time component may
e.g. be a calendar time format, such as Universal Coordinated Time (UTC) which can
be used to denote a more general or rough time instant in absolute terms. This
method makes it possible to use longer DRX cycles than what the length of full SFN
range is. The SFN wraps around very often compared to the UTC, or similar, time,
thus the combination of these two is needed by the UE to be SFN synchronized to
the network at a future time beyond the SFN range.

In LTE Rel-11, as an example, the SIB-16 information element includes the
timelnfoGPS and timelnfoUTC fields which contain the time information (GPS or UTC
times) in units of 10 ms corresponding to SFN boundary. Reference is made to TS
36.331 E-UTRA Radio Resource Control (RRC) Protocol Specification (Rel-11).

In another alternative CDMA system time is used in connection with SFN to
denote a future time. The CDMA system time information is broadcasted in SIB-8 in

LTE systems.

Figure 5 illustrates exemplifying method(s) in the wireless device 110

according to embodiments herein. The wireless device 110 may perform a method



10

15

20

25

30

WO 2014/168537 PCT/SE2013/051030

17

for managing a sleep state when the DRX cycle is longer than a predefined value,

such as 2,56 s or even beyond a relevant SFN range. The SFN range may, for

example, relate to a radio communication system 100 with which the wireless device

is able to communicate, e.g. over a radio interface. Figure 5 shows a flow diagram

illustrating an exemplifying method to successfully receive paging (or other downlink)

information when using long paging and/or DRX cycles in LTE. With technology

specific changes, similar procedure could be applicable in other systems as well.

0)

1)

The following actions may be performed in any suitable order.

The wireless device is configured to use a DRX cycle longer than
2,56 s, i.e. a predetermined value according a standard specification of

the radio communication system 100.

The UE, or the wireless device 110, calculates, or determines, e.g. in an
initial negotiation phase, a first point in time, such as a correct time tpace,
for the next DL reception occasion (subframe), including the SFN of the
reception event, such as a page message. The correct time tpace is
related to the DRX cycle length and/or the reception event. The time can

be absolute, to be used one time, or alternatively a periodic indication.

After the negotiation has been performed, the UE may fall into a (deep)
sleep state where only the absolutely necessary circuitry is turned on.
This circuitry includes a low power clock (a first clock) roughly keeping
track of the time. A second clock (an accurate clock), more accurate
than the first clock, is turned off. In some examples, the UE also reads
the UTC information from SIB-16. The UTC information may be read at
some point in time in order to enable calibration of the low power clock.
When the low power clock is calibrated a future point in time, such as

trace may be referred to using the UTC information + SFN.
a. Optionally the wake-up time is dictated by the eNB.

b. Optionally the wake-up time is negotiated between the UE and eNB.
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The UE wakes up at a second point in time, i.e. { s (same as t;)
milliseconds before the actual intended paging occasion tpace. IN some
examples, this action 2) may be omitted. For example, when drift of the
low power clock is small enough, it would suffice to wake up once before
the paging (or other downlink information). Maximum ¢ s allowed
depends on the hardware implementation of the UE. Moreover, t_s
should be small enough to allow the UE to keep the correct
synchronization, as will be obtained in action 3 below, until the tpace —
t_ SFN (maximum of one millisecond time drift should be attainable by
using t_s of less than one minute), i.e during a period of t_s - t_SFN.
The t_s is greater than or equal to t SFN in action 4). When t_s =
t_SFN, the actions 2) and 3) may be merged into one action. Hence, the
UE wakes up only once as in action 4) before the actual paging

occasion. SIB-16 will still have to be read at some time such as in action

1).

The UE may read the UTC information from SIB-16 again, so that the
always-on and low power clock can be calibrated to correct time. In this
action, the UE thus has time information from the low power clock and
time information based on UTC (or the like). First time information may
refer to time based on the low power clock and second time information
may refer to time based on UTC information or the like. In order for the
UE to wake up at the wake-up time, or a reasonable time before tpace,
the UE calibrates the low power clock in accordance with the information
based on UTC. As a result, any drift in the lower power clock so far will
be corrected for. The UE will now be able to keep, or at least only drift a
little, SFN synchronization until at least time tpace-t SFN. If the UE is
allowed to drift it may not drift too much such that the paging occasion is
missed. In this action, an accurate clock is operated to allow the UE to

read for example the UTC information.

a. Optionally other system information, like SIB-8 for CDMA system

time is used.

The UE may continue sleeping, e.g. enter the sleep state, after this point
3), i.e. amongst other thing the accurate clock is turned off. For

example, when t_s =t_SFN the UE does not enter the sleep state here.
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The UE wakes up again at a third point in time, i.e. £ SFN milliseconds
before the paging occasion. Maximum {_SFN should be equal to or less
than the maximum length of one SFN epoch (currently there are 1024
SFN numbers, each corresponding to one 10 ms radio frame, thus the
total length with the current system would be 10.24 seconds). t_SFN
should be greater than zero. The less the t_SFN is, the greater the

probability of missing the paging occasion is.

At this point the UE has maintained, at least to some extent, the SFN
synchronization, obtained in action 3) or 1), and reads the paging
information, if present, at the correct paging frame (e.g. radio frame) and
paging occasion (e.g. subframe). Depending on the received paging
information the UE performs the required actions as detailed in the LTE

specifications. In this action the accurate clock is operated.

Before the UE goes back to sleep, it may calculate the next paging
occasion as detailed in step 1) or go directly to step 2) if periodic

behavior is configured.

If action 2) is omitted, then action 3) would normally also be omitted as well. If

t_s = t_SFN, then in a way action 4) could be seen as the omitted step, while action

2) and optionally action 3) are performed directly before action 5).

It is not always necessary to read the broadcasted time according to the

second time format (e.g. UTC or GPS time) for SFN synchronization and/or

calibration every DRX cycle.

If the UE has information on its internal clock skew, it can negotiate or re-

adjust, in coordination with the eNB or by itself, the actual timer values to ensure best

possible performance.

At least some embodiments provides the following advantages:

UTC time makes it possible to have uncertainty on absolute time

beyond the SFN range
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*  When using extended long DRX cycles the UE is able to wake up at
correct times to receive paging information, when in idle mode, or
other downlink control information, when in connected mode.

»  With this solution there is no need to extend the SFN range just to
cater for extended long DRX cycles. This is very beneficial, as the
SFN range extension would have impact on the legacy devices, which

is not preferred.

It will be appreciated that the methods and devices described above can be

combined and re-arranged in a variety of ways.

For example, embodiments may be implemented in hardware, or in software

for execution by suitable processing circulitry.

The steps, functions, procedures, modules and/or blocks described above
may be implemented in hardware using any conventional technology, such as
discrete circuit or integrated circuit technology, including both general-purpose

electronic circuitry and application-specific circulitry.

Particular examples include one or more suitably configured digital signal
processors and other known electronic circuits, e.g. discrete logic gates
interconnected to perform a specialized function, or Application Specific Integrated
Circuits, ASICs.

Alternatively, at least some of the steps, functions, procedures, modules
and/or blocks described above may be implemented in software such as a computer
program for execution by suitable processing circuitry including one or more

processors or equivalent processing units.

The flow diagram or diagrams presented above may therefore be regarded
as a computer flow diagram or diagrams, when performed by one or more
processors. A corresponding apparatus may be defined as a group of function
modules, where each step performed by the processor corresponds to a function
module. In this case, the function modules are implemented as a computer program

running on the processor.



10

15

20

25

30

WO 2014/168537 PCT/SE2013/051030
21

Examples of processing circuitry includes, but is not limited to, one or more
microprocessors, one or more Digital Signal Processors, DSPs, one or more Central
Processing Units, CPUs, video acceleration hardware, and/or any suitable
programmable logic circuitry such as one or more Field Programmable Gate Arrays,

FPGAs or one or more Programmable Logic Controllers, PLCs.

It should also be understood that it may be possible to re-use the general
processing capabilities of any conventional device or unit in which the proposed
technology is implemented. It may also be possible to re-use existing software, e.g.

by reprogramming of the existing software or by adding new software components.

Figure 6 is a schematic block diagram illustrating an example of a wireless
device configured for managing a sleep state according to an embodiment. The
wireless device 110, such as a UE, basically includes a processing circuit 410 with at

least one clock 411, and a receiver 430.

In a hardware implementation of the proposed technology, the processing
circuit 410 is implemented directly in hardware using any conventional technology,

such as discrete circuit or integrated circuit technology.

Alternatively, the processing circuit 410 interoperates with an associated
memory 440, which includes software for execution by the processing circuit 410. In
particular, the memory 440 includes program instructions executable by the
processing circuit 410, whereby the wireless device 110 and/or the processing circuit
410 is able or operative to execute the above-described steps, functions, procedures,
modules and/or blocks. In other words, the wireless device 110 further comprises a
memory 440 for storing executable instructions, which when executed by the

processing circuit 410 enables the processing circuit 410 to manage the sleep state.

Preferably, the wireless device 110 is configured for managing a sleep state
when a Discontinuous Reception, DRX, cycle is configured to be longer than a

predefined value.

The processing circuit 410 is configured to:

» determine a future point in time indicating an upcoming, future
reception occasion at which the wireless device will receive a

message,;
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» cause the wireless device to enter the sleep state;

» operate the clock 411 for keeping track of time during the sleep state
according to a first time format;

= wake up the wireless device from the sleep state before, as monitored
by the clock, the future point in time;

» read broadcasted time information according to a second time format;

» obtain System Frame Number, SFN, synchronization based on the
broadcasted time information according to the second time format and

received System Frame Number, SFN, information.

The receiver 430 is configured to receive, with obtained SFN synchronization,

the message at the future pointin time.

By way of example, the clock 411 is a low-power clock, and the processing
circuit 410 is configured to calibrate the low-power clock based on the broadcasted
time information according to the second time format to correct for a drift in the low-

power clock.

For example, the clock is a low-power clock for keeping track of time
according to a first time format during the sleep state, and the processing circuit 410
is configured to read the broadcasted time information according to a second time

format as a representation of absolute time.

In a particular example, the processing circuit 410 is configured to read a first
value of the time information according to a second time format before entering the
sleep state, and to read a second value of the time information according to a second

time format after waking up from the sleep state.

The wireless device may be configured with a DRX cycle longer than a
predetermined value according a standard specification of a radio communication

system.

As an example, the wireless device is configured with a DRX cycle longer
than a SFN range, and the processing circuit 410 is then configured to obtain SFN
synchronization although the SFN wraps around based on the combination of two
components: one of the components being received System Frame Number, SFN,
information and the other component being the broadcasted time information

according to the second time format.
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In a particular example, the processing circuit 410 is configured to wake up
the wireless device from the sleep state when the current time { as monitored by the
clock is more than trace — £, where fpace is the future point in time indicating an
upcoming reception occasion and {; is a first time period, so that the wireless device

wakes up t; milliseconds before the upcoming reception occasion.

In another example, the processing circuit 410 is configured to calibrate the
clock based on the broadcasted time information according to the second time
format, and to once again, after calibration of the clock, cause the wireless device to
enter the sleep state. Then the processing circuit wakes up the wireless device from
the sleep state when the current time  as monitored by the clock is more than fpace —
tsen, Where fpace is the future point in time indicating an upcoming reception occasion
and fsgy is a second time period, so that the wireless device wakes up fsey
milliseconds before the upcoming reception occasion, where {; is greater than or

equal to fsep.

By way of example, the processing circuit 410 is configured to read the
broadcasted time information according to the second time format in the form of

Universal Coordinated Time, UTC, or Global Positioning System, GPS, time.

For example, wireless device is a User Equipment, UE, and the upcoming

reception occasion is a future downlink reception event.

Figure 7 is a schematic block diagram illustrating an exemplifying wireless

device according to another embodiment.

With reference to Figure 7, a schematic block diagram of the wireless device
110 is shown. The wireless device 110 is configured to perform the above methods in
full or in part. The wireless device 110 is configured to manage resources to be

allocated to broadcast data.

The wireless device 110 comprises a processing circuit 410 configured to

perform the above methods.

The processing circuit 410 may be a processing unit, a processor, an
application specific integrated circuit (ASIC), a field-programmable gate array (FPGA)
or the like. As an example, a processor, an ASIC, an FPGA or the like may comprise

one or more processor kernels.
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The processing circuit 410 comprises a first clock 411, which is operated
during sleep state, i.e. a low power state in which power consumption is lower than
when the wireless device is in an awake (transmission/reception) state, i.e. an active
state in which power consumption is higher than when the wireless device is in sleep

state.

Moreover, the processing circuit 410 comprises a second clock 412, which is

operated during the awake state, i.e. reception/transmission state.

The wireless device 110 further comprises a transmitter 420, which may be

configured to send one or more numbers, values or parameters described herein.

The wireless device 110 further comprises a receiver 430, which may be

configured to receive one or more numbers, values or parameters described herein.

The wireless device 110 further comprises a memory 440 for storing software
to be executed by, for example, the processing circuit. The software may comprise
instructions to enable the processing circuit to perform the method(s) in the wireless
device 110 as described above. The memory may be a hard disk, a magnetic storage
medium, a portable computer diskette or disc, flash memory, random access
memory, RAM, or the like. Furthermore, the memory may be an internal register

memory of a processor.

As indicated above, the wireless device may alternatively be defined as a
group of function modules, where the function modules are implemented as a

computer program running on a processor.

Figure 8A is a schematic block diagram illustrating an example of a wireless

device 110 comprising a processing circuit 410 and an associated memory 440.

The computer program residing in memory 440 may thus be organized as
appropriate function modules configured to perform, when executed by the
processing circuit 410, at least part of the steps and/or tasks described above. An

example of such function modules is illustrated in Figure 8B.
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Figure 8B is a schematic block diagram illustrating an example of a wireless device
comprising a group of function modules. In this example, the wireless device 110
comprises:
» a determining module 111 for determining a future point in time indicating an
upcoming, future reception occasion at which the wireless device will receive
a message;
» asleep module 112 for causing the wireless device to enter the sleep state;
= a time keeping module 113 for keeping track of time during the sleep state
according to a first time format by using a clock;
= awake-up module 114 for waking-up the wireless device from the sleep state
before the future point in time;
» areading module 115 for reading broadcasted time information according to a
second time format; and
» a System Frame Number, SFN, synchronization module 116 for obtaining
SFN synchronization based on the broadcasted time information according to
the second time format and received System Frame Number, SFN,

information.

As used herein, the terms “number”, “value” may be any kind of digit, such as
binary, real, imaginary or rational number or the like. Moreover, “number”, “value”
may be one or more characters, such as a letter or a string of letters. “number”,

“value” may also be represented by a bit string.

Even though embodiments of the various aspects have been described, many
different alterations, modifications and the like thereof will become apparent for those
skilled in the art. The described embodiments are therefore not intended to limit the

scope of the present disclosure.
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CLAIMS:

1. A method performed by a wireless device (110) for managing a sleep state

when a Discontinuous Reception, DRX, cycle of the wireless device (110) is

configured to be longer than a predefined value, said method comprising the steps

of:
» determining (S1) a future point in time indicating an upcoming, future
reception occasion at which the wireless device will receive a message;
» entering (S2) said sleep state;
» keeping track of time (S3) during said sleep state according to a first time
format by using a clock (411);
» waking-up (S4) from said sleep state before, as monitored by said clock
(411), said future point in time;
» reading (S5) broadcasted time information according to a second time format;
» obtaining (S6) System Frame Number, SFN, synchronization based on said
broadcasted time information according to said second time format and
received System Frame Number, SFN, information; and
» receiving (S7), with obtained SFN synchronization, said message at said
future point in time.
2. The method of claim 1, wherein said clock (411) is a low-power clock, and

said low-power clock is calibrated based on the broadcasted time information

according to said second time format to correct for a drift in the low-power clock.

3. The method of claim 1 or 2, wherein said future point in time is referred to
using time information according to said second time format and the SFN of the
future reception occasion, and said second time format is representative of absolute

time.

4. The method of any of the claims 1 to 3, wherein a first value of said time
information according to a second time format is read before entering the sleep state,
and a second value of said time information according to a second time format is

read after waking up from the sleep state.

5. The method of any of the claims 1 to 4, wherein the predefined value is a
predetermined value according a standard specification of a radio communication

system.
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6. The method of any of the claims 1 to 5, wherein the predefined value refers to
a SFN range, and the future point in time lies beyond the SFN range, and SFN
synchronization is obtained although the SFN wraps around based not only on
received System Frame Number, SFN, information but also on the broadcasted time

information according to said second time format.

7. The method of any of the claims 1 to 6, wherein said wireless device (110)
wakes up from the sleep state when the current time ¢ as monitored by said clock
(411) is more than tpace — &, Where fpace is the future point in time indicating an
upcoming reception occasion and {; is a first time period, so that the wireless device

wakes up t; milliseconds before the upcoming reception occasion.

8. The method of claim 7, wherein said clock (411) is calibrated based on the
broadcasted time information according to said second time format, and said wireless
device (110) once again enters the sleep state, and then wakes up from the sleep
state when the current time f as monitored by said clock is more than tpace — fsen,
where trpace is the future point in time indicating an upcoming reception occasion and
tsen is @ second time period, so that the wireless device wakes up fsey milliseconds

before the upcoming reception occasion, where {; is greater than or equal to fse.

9. The method of any of the claims 1 to 7, wherein said broadcasted time
information according to said second time format is in the form of Universal
Coordinated Time, UTC, or Global Positioning System, GPS, time.

10. The method of claim 9, wherein said broadcasted time information according
to said second time format is in the form of UTC, and said future point in time is
referred to using UTC and SFN.

11. The method of any of the claims 1 to 10, wherein said wireless device (110) is
a User Equipment, UE, and said upcoming reception occasion is a future downlink

reception event.

12. The method of any of the claims 1 to 11, wherein said future point in time
indicating an upcoming, future reception occasion is calculated by said wireless

device or obtained in negotiation with a base station or other network node.
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13. The method of any of the claims 1 to 12, wherein the wireless device (110) is
a User Equipment, UE, and Universal Coordinated Time, UTC, is read from system
information and used by the UE to select a wake-up time in the future so that
extended long DRX cycles can be used and the UE knows when to wake-up, or the
UE negotiates with an eNB to obtain a wake-up time for the UE to wake-up for
downlink reception, and the UE wakes up before this selected or negotiated occasion
to obtain correct timing synchronization for its low-power clock, and later wakes up
again and receives paging information or other downlink transmission at the correct

time.

14. A wireless device (110) configured for managing a sleep state when a
Discontinuous Reception, DRX, cycle is configured to be longer than a predefined
value, wherein said wireless device (110) comprises:
- aprocessing circuit (410) configured to:
» determine a future point in time indicating an upcoming, future
reception occasion at which the wireless device will receive a
message;
» cause the wireless device to enter said sleep state,
» operate a clock (411) for keeping track of time during said sleep state
according to a first time format;
» wake up the wireless device from said sleep state before, as
monitored by said clock, said future point in time;
» read broadcasted time information according to a second time format;
» obtain System Frame Number, SFN, synchronization based on said
broadcasted time information according to said second time format
and received System Frame Number, SFN, information; and
- areceiver (430) configured to receive, with obtained SFN synchronization,

said message at said future point in time.

15. The wireless device of claim 14, wherein said clock (411) is a low-power
clock, and said processing circuit (410) is configured to calibrate said low-power
clock based on the broadcasted time information according to said second time

format to correct for a drift in the low-power clock.

16. The wireless device of claim 14 or 15, wherein said clock (411) is a low-power

clock for keeping track of time according to a first time format during the sleep state,
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and said processing circuit (410) is configured to read the broadcasted time

information according to a second time format as a representation of absolute time.

17. The wireless device of any of the claims 14 to 16, wherein said processing
circuit (410) is configured to read a first value of said time information according to a
second time format before entering the sleep state, and to read a second value of
said time information according to a second time format after waking up from the

sleep state.

18. The wireless device of any of the claims 14 to 17, wherein said wireless
device (110) is configured with a DRX cycle longer than a predetermined value

according a standard specification of a radio communication system.

19. The wireless device of any of the claims 14 to 18, wherein said wireless
device (110) is configured with a DRX cycle longer than a SFN range, and said
processing circuit (410) is configured to obtain SFN synchronization although the
SFN wraps around based on the combination of two components: one of the
components being received System Frame Number, SFN, information and the other
component being the broadcasted time information according to said second time

format.

20. The wireless device of any of the claims 14 to 19, wherein said processing
circuit (410) is configured to wake up the wireless device from the sleep state when
the current time t as monitored by said clock is more than tpace — ts5, where tpace is the
future point in time indicating an upcoming reception occasion and {; is a first time
period, so that the wireless device wakes up f; milliseconds before the upcoming

reception occasion.

21. The wireless device of any of the claims 14 to 20, wherein said processing
circuit (410) is configured to calibrate said clock based on the broadcasted time
information according to said second time format, and to once again, after calibration
of said clock, cause the wireless device to enter the sleep state, and then wake up
the wireless device from the sleep state when the current time t as monitored by said
clock is more than fpage — tsen, Where teace is the future point in time indicating an
upcoming reception occasion and fsgy is a second time period, so that the wireless
device wakes up fsey milliseconds before the upcoming reception occasion, where £

is greater than or equal to fsen.
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22. The wireless device of any of the claims 14 to 21, wherein said processing
circuit (410) is configured to read said broadcasted time information according to said
second time format in the form of Universal Coordinated Time, UTC, or Global

Positioning System, GPS, time.

23. The wireless device of any of the claims 14 to 22, wherein said wireless
device (110) is a User Equipment, UE, and said upcoming reception occasion is a

future downlink reception event.

24. The wireless device of any of the claims 14 to 23, wherein said wireless
device (110) comprises a memory (440) for storing executable instructions, which
when executed by the processing circuit (410) enables the processing circuit (410) to

manage said sleep state.

25. A wireless device (110) comprising:

» a determining module (111) for determining a future point in time indicating an
upcoming, future reception occasion at which the wireless device will receive
a message;

» asleep module (112) for causing the wireless device to enter a sleep state;

= atime keeping module (113) for keeping track of time during said sleep state
according to a first time format by using a clock;

= a wake-up module (114) for waking-up the wireless device from said sleep
state before said future point in time;

» areading module (115) for reading broadcasted time information according to
a second time format; and

» a System Frame Number, SFN, synchronization module (116) for obtaining
SFN synchronization based on said broadcasted time information according
to said second time format and received System Frame Number, SFN,

information.

26. A method in a wireless device for managing a sleep state when a DRX cycle
of the wireless device is configured to be longer than a predefined value, wherein the
wireless device comprises a first clock for keeping track of time according to a first
time format, said method comprising the steps of:

» said wireless device reading (S11) a first value from a second time format;



10

15

WO 2014/168537 PCT/SE2013/051030

32

said wireless device determining (S12) a first point in time indicating an
upcoming, or future, reception occasion at which the wireless device may
receive a first message;

said wireless device entering (S13) said sleep state;

said wireless device reading (S14), at a second point in time before the first
point in time, a second value from said second time format;

said wireless device calibrating (S15) said first clock based on the first and
second value;

said wireless device calculating (S16), after calibrating said first clock, the first
point in time; and

said wireless receiving and reading (S17) the first message at the first point in

time.
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