ADAPTI VE WAKE- UP PERI OD OF ROAM NG W RELESS TERM NALS
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as LDC terminals. LDC terminals are small-size communication devices used in

a variety of position tracking, tagging, telemetry and similar applications. LDC
terminals operate such that each terminal wakes-up to receive and transmit data
for only a small percentage of the time. This low duty cycle operation minimizes
the utilization of the air interface and the energy consumption from the terminal's

power source.

SUMMARY
[0004] In some applications, wireless terminals have the ability to move (roam)
between different wireless networks. In particular, a wireless terminal operating
in a hibernation cycle sometimes wakes-up, registers with the network and
begins communicating with a wireless network other than the network it had

communicated with in the previous wake-up period.
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[0008] In some embodiments, the terminal may, during the extended wake-up

period, receive network information regarding the new network it has joined,
such as an address of an application server with which the terminal is to
communicate.

[0009] A wireless terminal and a wireless communication system that
implements these control methods are also disclosed.

[0010] There is, therefore, disclosed a method for controlling a wireless terminal
operating in a hibernation cycle alternating between a wake mode and a
hibernation mode, including: communicating with a first wireless network
during a first waking period having a first duration; communicating with a

second wireless network during a second waking period following the first
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configured to receive information from the first and second w1reless networks;

and a control module configured to control the transmitter and receiver in a
hibernation cycle alternating between a wake mode and a hibernation mode so as
to communicate with the first wireless network during a first waking period
having a first duration, to communicate with the second wireless network during
a second waking period following the first waking period, to extend the second
waking period to a second duration greater than the first duration responsively to

detecting that the second wireless network is different from the first wireless
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UMTS, GSM or any other suitable standard. As such, the LDC system 20 can be

adapted to operate on any frequency band being used by a conventional wireless
network.

[0021] In the embodiment of Fig. 1, the system 20 comprises two wireless
networks 24, denoted 24A and 24B. The two networks are interconnected by a
wide-area network (WAN) 28, such as the Internet. Each wireless network 24
communicates with wireless terminals 32. In the present example, two terminals
denoted 32A and 32B. Communication is performed via wireless base stations
42, which serve as wireless access points to each network 24. In some

embodiments, each wireless network 24 covers a certain geographical area,
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the terminal 32 and a base station 42 to which the terminal 32 is communicating,

It should be noted that both the transmit mode and receive mode occur during
the wake mode. In accordance with one embodiment of the disclosed method
and apparatus, transmitting or receiving do not occur during the hibernation
mode.

[0025] Generally, when in hibernation mode, most of the terminal's hardware
functions are shut down to conserve battery power. In some embodiments, some
of the hardware itself may also be shut down during hibernation mode, leaving
only the hardware necessary for time-keeping and for waking the terminal at the

next wake-up period. The time between consecutive wake-up periods (ie.,
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wireless network. Typically, when a the terminal 32 joins one of the wireless

networks 24, it performs a registration procedure with the MSC of this network
24. For each terminal 32, one of the wireless networks 24 is defined as its home
network, although the terminal 32 may generally register and communicate with
any wireless network in the system 20. A terminal communicating with a
wireless network different from its home network (sometimes called a "foreign
network") is referred to as a "roaming" or "visiting" terminal. A terminal

communicating with its home network is referred to as a "local" terminal.
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and routes the downlink message to the destination terminal 32A. If, however,

the destination terminal 32A is roaming in the network 24A, the routing path
goes through the local MSC 36B (assuming that network 24B is the home of
destination terminal 32A), to the foreign MSC 36A via WAN 28, and from there
to the destination terminal 32A.

[0032] In a typical uplink transaction, a source terminal 32A initiates an
unsolicited uplink message addressed to its home network application server
35A (assuming the source terminal 32A is not roaming). If the source terminal

32A is currently registered with its home network, the uplink message is routed
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[0035] When a terminal first wakes-up after moving from one wireless network

24B to another network 24A, the terminal 32A decodes the NID and/or SID
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J

numbers from the overhead messages and compares them to previously-stored
SID and/or NID values. If a change is detected in these parameters, the terminal
32A realizes it moved to a new network 24A and initiates a registration
procedure with the new network 24A. Registration with a new network 24A
typically disregards the status of the registration time-out described above.
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and apparatus. The nethod begins w
embodiment of the disclosed method and apparatus. The method begins with the

terminal 32A operating in a synchronized hibernation cycle, as described above.
At the appropriate time, the control module 50A wakes up the receiver 44A, the
transmitter 46A and/or other components of the terminal 32A, at a wake-up step
60.

[0041] After waking up, the control module 50 checks whether the current
wireless network 24A with which the terminal 32A intends to communicate is
the same or different from the wireless network 24B with which it

communicated in the previous wake-up period. The occurs at a network change
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[&@{% i[%}ng]4thlﬁ\ egﬁengﬁt wiake-8p pgriod, the recei\Per p44A of the terminal

32A receives downlink data sent to it from the base station 42A, at a

communication step 68. In some embodiments, the downlink data comprises the
dedicated downlink message carrying the additional network information
regarding the new LDC network 24A. In addition to receiving the downlink data,
the terminal 32A may perform any additional communication with the new
network 24A through the base station 42A during the extended wake-up period.
These additional communication functions typically depend on the specific
functionality of the LDC service carried out by the system 20, and are outside the

scope of the present patent application.
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t hereof which woul d occur to persons skilled in the
art upon readi ng the foregoing description and which
are not disclosed in the prior art.CLAIMS 1. A nethod
conprising: a) comunicating with a first wirel ess
network during a first waking period; b) comunicating
wWth a second wirel ess network during a second waki ng
period followi ng the first waking period; and




c) extending the second waking period in response to
detecting that the second wireless network is

waledoffeeene fromthe first wirel ess network. 2.pPdnes2006/031983

met hod of Claim1l, further cq ri sing receiving

network information relating to the second wrel ess
network during the second waki ng period. 3. The nethod
of Claim1l, wherein the wi CEAMMSterm nal conprises a

| ow duty-cycle (LDC) termnal in an LDC network, and
WhamedthoCeommpitsingat i ng with the first and second

VVI rel ess networks conprises applying an LDC service.

rﬂf) AT HNIGAtng witing first Wreicss Hettvemlmltga% tirﬁbwatlp& period;

the f1 )y s r
ogi o (mARERRRN G SCcBAR VIR By GRTRLHECR sogond welding
The net hpmtlodffomb\amgtthq ﬁmhwabhgpd@mdeend ng that t he

secon W|rel networ,k s di r.ent fro he first

o ol s Ch R R St e Befiofaf ispfes T ipettte Bt the second
i dentifi ﬁ&blem&dv@c i aiFRednt FlofMhk Mest fwifddss Wetweh eSS

network during the first waking period; b) rece|V|ng a
second | D nunber fromthe second w rel ess network

duthsgethed of Sdamyl. atkhes Gomprisipg recgivingetyatkdatormgtion eefating to
h f dID
; %iéﬁﬁﬁ*dw S TR ot tuflhi i eipa (AR BT g
%ﬁ ci(of & a%nlat\tfl%tjelﬁ ?ﬁg)t;v r%ﬁgs { %ﬁtay E&g tﬁSGS a low dpty-cycle
| ca nessage conpri sing ddre I'n &° $elind
WI I(ED€§; sermeixialu kn wumn?mnﬂt; ahﬂl evheﬁtiimminunﬁ:aﬁmg w1th)the first and
te. 7. A ess te na I sin a) a
¢ SO PiETesE BHF OB B 5y RGP LP{%o%enﬁ‘ﬁtq on 1o

first and second w rel ess networks; a receiver

%okhs gathad ofClawn d; Whereht eprpmpnisate wﬁh fiheetirst pad seeqpd wireless
se e
coLPiorkd £ RiRRSs RELDhE bin0rfhedtiE WGk nBRAMLE

to:i) alternate between a wake node and a hibernation
ﬁod@l@smeﬁ)@dtqf Climuhi whareinvdatéetingethft thet seapnde wdistess network is

net ur| t wa ri.od having a first
dU|d gr%q,t B%é%m‘?ﬁgsgflg&w ?ﬁg”' 15%Facond wirel ess
nehyvo;rekeldmgl ddirst ERAORchtvAKIDY rﬂﬁibbﬂ‘ﬁ*&t@'th@\ﬁrﬁgwlrﬁﬁss network
first waking period, and iil) extend the second waki ng
per i odrng the ﬁl@&tyﬁlama@@a@ci,on greater than the first
QLB IO IE SPARRY WY nbiBbdCHEA! tHB%CLAR WildfesS BEAK during the
W rel ess né&twor

second waking period; and

K

c) detecting that the first ID number is different from the second ID number.

6. The method of Claim 2, wherein receiving the network information comprises
receiving a dedicated message comprising an address in the second wireless network

with which the terminal is to communicate.

7. A wireless terminal, comprising:
a) a transmitter configured to transmit information to first and second wireless
netwbrks; ‘
b) a receiver configured to receive information from the first and second
wireless networks; and

c) acontrol module configured to control the transmitter and receiver to:



is different fromthe first wireless network. 8. The
wireless termnal of daim?7, wherein the controller
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relating to the second wirel e1§s networ k during the
second waki ng period. 9. The term nal of Caim?7,
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9.erThen@tmingl 60 CLMNTNWESER. the wireless terminal and the first and second

wireless networks comprise a low duty-cycle (LDC) network.

10. The terminal of Claim 7, wherein the control module is arranged to operate the
transmission and reception circuits so as to register with the first and second
wireless networks in order to communicate with the first and second wireless

networks, respectively.

11. The terminal of Claim 7, wherein the control module is arranged to:
a) receive through the receiver a first identification (ID) number from the first
wireless network during the first waking period;
b) receive through the receiver a second ID number from the second wireless
network during the second waking period; and
c) detect that the second wireless network is different from the first wireless
network by detecting that the first ID number is different from the second ID

number.

12. The terminal of Claim 7, wherein the network information comprises a dedicated
downlink message comprising an address in the second wireless network with

which the terminal is to communicate.



