WO 2004/016008 A1 ||| 08000 00O 0 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
19 February 2004 (19.02.2004)

AT O Y00 0 OO

(10) International Publication Number

WO 2004/016008 A1

(51) International Patent Classification’: H04Q 7/20
(21) International Application Number:
PCT/US2003/024940

(22) International Filing Date: 7 August 2003 (07.08.2003)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

60/401,920 8 August 2002 (08.08.2002) US
10/324,194 20 December 2002 (20.12.2002) US
10/378,563 3 March 2003 (03.03.2003) US

(71) Applicant (for all designated States except US): FLAR-
ION TECHNOLOGIES, INC. [US/US]; Bedminster
One, 135 Route 202/206 South, Bedminster, NJ 07921
(US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): LAROIA, Rajiv
[IN/US]; 455 Somerville Road, Basking Ridge, NJ 07920
(US). LI, Junyi [CN/US]; 357 Wren Lane, Bedminster,
NJ 07921 (US). UPPALA, Sathyadev, Venkata [IN/US];
281 Spruce Mill Lane, Scotch Plains, NJ 07076 (US).

(74) Agents: STRAUB, Michael, P. et al.; Straub & Pokotylo,
1 Bethany Road, Suite 83, Bldg. 6, Hazlet, NJ 07730 (US).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL,, IN, IS, JP, KE, KG, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG,
SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VN,
YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),

[Continued on next page]

(54) Title: METHODS AND APPARATUS FOR OPERATING MOBILE NODES IN MULTIPLE STATES

(57) Abstract: The use of multiple states
of mobile communication device operation
to allow a single base station to support a
relatively large number of mobile nodes is

(\700

710 712 714 described. Various states require different

‘ + + amounts of communications resources,

e.g., bandwidth and/or control signaling.

STATE ASSIGNMENT FAST PAGING SLOW PAGING Diff t b £ trol ch 1
CHANNEL CHANNEL CHANNEL 1rrerent numbers O control channels

(700) are monitored during different

states (702-708) of operation. A mobile

202 ON node monitors during a first state (702)

> state \/ \/ of operation, e.g., the on-state, a first
control channel to detect control signals
in segments of the first control channel
intended for the mobile node, detects a
/ period of reduced control signaling to said
ACCESS / . .

704 > "cte N N \/ mobile node on said first control channel,
and then, in response to detecting a period
of reduced control signal signaling to the
mobile node, transitions from said first state
(702) to a second state (8706) of operation.

706 »| HOWL X \/ \/ During the second state (706) of operation

STATE :
fewer control channels are monitored and
the first control channel is not monitored.
SLEEP
o8>l 82| Y X J




WO 2004/016008 A1l

0 00 0O O O

Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO,
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii)) for the following designations AE,
AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, ES,
FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NO, NZ, OM, PH, PL, PT,
RO, RU, SD, SE, SG, SK, SL, T/, TM, TN, TR, TT, TZ, UA,
UG, UZ, VN, YU, ZA, ZM, ZW, ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR,
GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE, SI, SK, TR),
OAPI patent (BE, BJ, CF, CG, CI, CM, GA, GN, GO, GW,
ML, MR, NE, SN, TD, TG)

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii)) for the following des-
ignations AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR,
BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ,
EC, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, 1L,

IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU,
LV, MA, MD, MG, MK, MN, MW, MX, MZ, NO, NZ, OM,
PH, PL, PT, RO, RU, SD, SE, SG, SK, SL, TJ, TM, TN, TR,
TT, TZ, UA, UG, UZ, VN, YU, ZA, ZM, ZW, ARIPO patent
(GH, GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE,
S1, SK, TR), OAPI patent (BE, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, ML, MR, NE, SN, TD, TG)

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.



10

15

20

25

30

WO 2004/016008 PCT/US2003/024940

-1-

METHODS AND APPARATUS FOR OPERATING MOBILE NODES IN MULTIPLE
STATES

FIELD OF THE INVENTION

The present invention is directed to wireless communications systems and, more
particularly, to methods and apparatus for supporting a plurality of mobile nodes in a

communications cell with limited resources.

BACKGROUND OF THE INVENTION

‘Wireless communications systems are fi yne or more
communications cells. Each cell normally includes a basc siauou wiucu supports
communications with mobile nodes that are located in, or enter, the communications range of
the cell's base station. Within a cell or a sector of a cell, the unit of communications resource is
a symbol, e.g., QPSK or QAM transmitted on one frequency tone for one time slot in an
orthogonal frequency division multiplexed (OFDM) system. The total available communication
resource is divided into a number of such symbols (units) which can be used for communicating
control and data information between a base station and one or more mobile nodes in the cell
and tends to be limited. Control signals transmitted between a basestation and a mdbile node
may be transmitted in two possible directions, i.e., from the basestation to the mobile node or
from the mobile node to the base station. Transmission of signals from the base station to the
mobile is often called a downlink. In contrast, transmission from the mobile to the base station

is commonly referred to as an uplink.

In order to provide efficient use of limited communications resources, base
stations may allocate different numbers of tones to different mobile nodes depending on the
devices’ bandwidth needs. In a multiple access system, several nodes may be transmitting data,
e.g., in the form of symbols, to a base station at the same time using different tones. This is
common in OFDM systems. In such systems, it is important that symbols from different mobile

nodes arrive at the base station in a synchronized manner, e.g., so the base station can properly
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determine the symbol period to which a received symbol belongs and signals from different
mobile nodes do not interfere with each other. As mobile nodes move in a cell, transmission
delay will vary as a function of the distance between a mobile node and a base station. In order
to make sure that transmitted symbols will arrive at a base station from different mobile nodes in
synchronized manner, timing control signals, e.g., feedback signals, may be and in many cases
are, transmitted to each active mobile node of a cellular system. The timing control signals are
often specific to each device and represent, e.g., timing corrections of offsets to be used by the
device to determine symbol transmission timing. Timing control signaling operations include,
e.8., monitoring for timing control signals, decoding received timing control signals, and
performing timing control update operations in response to the decoded received timing control

signals.

Timing control signals can be particularly important in systems where there are a
large number of mobile nodes. In order to avoid interference from a mobile node due to timing
miss synchronization, it may be necessary to establish timing synchronization and control before
allowing a mobile node to transmit data, e.g., voice data, IP packets including data, etc. to a base

station.

In addition to managing limited resources such as bandwidth, power management
is often a concern in wireless communications systems. Mobile nodes, e. g., wireless terminals,
are often powered by batteries. Since battery power is limited, it is desirable to reduce power
requirements and thereby increase the amount of time a mobile node can operate without a
battery recharge or battery replacement. In order to minimize power consumption, it is desirable
to limit the amount of power used to transmit signals to a base station to the minimal amount of
power required. Another advantage of minimizing mobile node transmission power is that it has
the additional benefit of limiting the amount of interference that the transmissions will cause in

neighboring cells which will often use the same frequencies as an adjoining cell.

In order to facilitate transmission power control, power control signaling, e.g., a
feedback loop, may be established between a base station and a mobile node. Power control
signaling often takes place at a much faster rate than the timing control signaling. This is
because power control signaling attempts to track variations in the signal strength between the

base station and the mobile nodes and this can typically vary on the scale of milliseconds. The
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timing control needs to take into consideration changes in the distance between base station and
the mobile nodes and this tends to vary on a much slower scale, typically hundreds of
milliseconds to seconds. Thus the amount of control signaling overhead for power control tends

to be much more than that for timing control.

In addition to timing and power control signaling, other types of signaling may be
employed. For example mobile nodes in addition may also signal on an uplink the quality of the
downlink channel. This may be used by the base station to determine the communication
resource allocation to allow for the transfer of data packets from the base station to the mobile.
Such downlink channel quality reports allows a base station to determine which mobile node to
transmit to and if a mobile node is chosen then the amount of forward error correction protection
to apply to the data. These downlink channel quality reports generally are signaled on a similar
time scale as the power control signaling. As another example, signaling may be used to
periodically announce a mobile node's presence in a cell to a base station. It can also be used to
request allocation of uplink resources, €.g., to transmit user data in a communications session.
Shared as opposed to dedicated resources may be used for such announcements and/or resource

requests.

Signaling resources, e.g., time slots or tones, may be shared or dedicated. In the
case of shared time slots or tones, multiple devices may attempt to use the resource, e.g.,
segment or time slot, to communicate information at the same time. In the case of a shared
resource, each ode in the system normally tries to use the resource on an as needed basis. This
sometimes results in collisions. In the case of dedicated resources, e.g., with time slots and/or
tones being allocated to particular communications device or group of devices to the exclusion
of other devices for a certain period of time, the problem of possible collisions is avoided or
reduced. The dedicated resources may be part of a common resource, e.g., a common channel,
where segments of the channel are dedicated, e.g., allocated, to individual devices or groups of
devices where the groups include fewer than the total number of mobile nodes in a cell. For
example, in the case of an uplink time segments may be dedicated to individual mobile nodes to
prevent the possibility of collisions. In the case of a downlink, time slots may be dedicated to
individual devices or, in the case of multicast messages or control signals, to a group of devices
which are to receive the same messages and/or control signals. While segments of a common

channel may be dedicated to individual nodes at different times, over time multiple nodes will
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use different segments of the channel thereby making the overall channel common to multiple

nodes.

A logical control channel dedicated to an individual mobile node may be

comprised of segments of a common channel dedicated for use by the individual mobile node.

Dedicated resources that go unused may be wasteful. However, shared uplink
resources which may be accessed by multiple users simultaneously may suffer from a large
number of collisions leading to wasted bandwidth and resulting in an unpredictable amount of

time required to communicate.

While timing and power control signals and downlink channel quality reports are
useful in managing communications in a wireless communications system, due to limited
resources it may not be possible for a base station to support a large number of nodes when
power control, and other types of signaling need to be supported on a continuous basis for each

node in the system.

In view of the above discussion, it is apparent that there is a need for improved
methods of allocating limited resources to mobile nodes to permit a relatively large number of
nodes to be supported by a single base station with limited communications resources. It is
desirable that at least some methods of communications resource allocation and mobile node
management take into consideration the need for timing control signaling and the desirability of

power control signaling in mobile communications systems.

SUMMAR'Y OF THE INVENTION

The present invention is directed to methods and apparatus for supporting
multiple wireless terminals, e.g., mobile nodes, using a single base station and limited resources
such as bandwidth for the transmission of signals between the base station and mobile nodes,
e.g., in a communications cell. A system may be implemented in accordance with the invention
as aplurality of cells, each cell including at least one base station which serves multiple mobile

nodes. A mobile node can, but need not, move within a cell or between cells.
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In accordance with the present invention, mobile nodes support multiple states of
operation. The control signaling resources used by a mobile node vary depending on the state of
operation. Thus, depending on the state of the mobile node, a large amount of signaling
resources may be required while in other states a minimum amount of resources may be
required. Control signaling resources are in addition to data transmission resources, e.g.,
bandwidth used to communicate payload data such as voice, data files, etc. By supporting
different mobile node states of operation, requiring differing amounts of base station/mobile
node control communications resources, e.g., signal bandwidth, used for control purposes, more
mobile nodes can be supported by a base station than could be supported if all mobile nodes

were allocated the same amount of communications resources for control signaling purposes.

Bandwidth allocated to a particular mobile device for communicating control
signals between the mobile device and a base station is known as dedicated control bandwidth.
Dedicated control bandwidth may comprise multiple dedicated logical or physical control
channels. In some embodiments, each dedicated control channel corresponds to one or more
dedicated segments of a common control channel. Control channel segments may be, e.g.,
channel time slots used for transmitting and/or receiving control signals. Dedicated uplink
control channel segments differ from shared uplink control channel segments where multiple

devices share the same bandwidth for uplink signaling.

In the case of a shared communications channel conflicts may result when
multiple nodes, at the same time attempt to transmit a control signal using the shared

communications channel.

Mobile nodes implemented in accordance with one exemplary embodiment
support four states, e.g. modes of operation. The four states are a sleep state, a hold state, an
access state, and an on state. Of these the access state is a transitory stage and the other states

are steady states and the mobile nodes can be in these states for an extended period of time.

Of the four states, the on state requires the highest amount of control signaling
resources, €.g., bandwidth used for control signaling purposes. In this state, the mobile node is

allocated bandwidth on as needed basis for transmitting and receiving traffic data, e.g., payload
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information such as text or video. Thus, at any given time in the on state a mobile node may be
allocated a dedicated data channel for transmitting payload information. Inthe on state the

mobile node is also allocated a dedicated uplink control signaling channel.

In various embodiments, a dedicated uplink control channel is used during the on
state by the MN to make downlink channel quality reports, communicate resource requests,
implement session signaling, etc. Downlink channel quality reports are normally signaled
frequently enough to track variations in the signal strength between the base station and the

mobile node. ,

During the on state, the base station and mobile node exchange timing control
signals using one or more dedicated control channels allowing the mobile node to periodically
adjust its transmission timing, e.g., symbol timing, to take into consideration channges in distance
and other factors which might cause the transmitted signals to drift timing from the base station's
perspective, with the signals transmitted by other mobile nodes. As discussed above, the use of
timing control signaling and performing timing control signaling operations, such as updating
transmission timing, is important in many systems which use orthogonal frequency division
multiple access in the uplink to avoid interference from transmission signals generated by

multiple nodes in the same cell.

To provide transmission power control, during the on state, transmission power
control signaling is employed to provide a feedback mechanism whereby a mobile node is able
to efficiently control its transmission power levels based on signals periodically received from
the base station with which it is communicating. In various embodiments the base station
periodically transmits power control signals over a dedicated control downlink. As part of the
transmission power control signaling process, the mobile node, performs various transmission
power control signaling operations including, for example, monitoring for transmission power
control signals directed to the particular mobile node, decoding received transmission power
control signals, and updating its transmission power levels based on the received and decoded
transmission power control signals. Thus, in response to receiving power control signals in a
dedicated downlink segment corresponding to the particular mobile node, the mobile node
adjusts its transmission power level in response to the received signal. In this manner, a mobile

node can increase or decease its transmission power to provide for successful receipt of signals
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by the base station without excessive wastage of power and therefore reducing interference and
improving battery life. The power control signaling is typically carried out sufficiently
frequently to track fast variations in the signal strength between the base station and the mobile
nodes. The power control interval is a function of smallest channel coherence time that the
system is designed for. The power control signaling and the downlink channel quality reports
are normally of similar time scale, and in general, occur at a much higher frequency than the
timing control signaling. However, in accordance with one feature of the present invention the
base station varies the rate at which it transmits power control signals to a mobile node as a
function of the mobile node's state of operation. As a result, in such an embodiment, the rate at
which the mobile node performs transmission power control adjustments will vary as a function
of the state in which the mobile node operates. In one exemplary embodiment, power control
updates are not performed in the sleep state and, when performed in the hold state, are normally

performed at a lower rate than during the on state.

Operation of a mobile node in the hold state requires fewer control
communications resources, €.g., bandwidth, than are required to support operation of a mobile
node in the on state. In addition, in various embodiments while in the hold state a mobile node
1s denied bandwidth for transmitting payload data, but the mobile can be allocated bandwidth for
receiving payload data. In such embodiments the mobile node is denied a dedicated data uplink
communications channel during the hold state. The bandwidth allocated for receiving data may
be, e.g., a data downlink channel shared with other mobile nodes. During the hold state timing
control signaling is maintained and the mobile node is also allocated a dedicated control uplink
communication resource, €.g., dedicated uplink control communications channel, which it can
use to request changes to other states. This allows, for example, a mobile node to obtain
additional communications resources by requesting a transition to the on state where it could
transmit payload data. In some but not all embodiments, in the hold state, the dedicated uplink
control channel is limited to the communication of signals requesting permission to change the
state of mobile node operation, e.g., from the hold state to the on state. During the hold state the
bandwidth allocated, e.g., dedicated, to a mobile node for control signaling purposes is less than

in the on-state.

Maintaining timing control while in the hold-state allows the mobile nodes to

transmit their uplink requests without generating interference to other mobiles within the same
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cell and having a dedicated uplink control resource ensures that the delays for state transition are
minimal as the requests for state transitions do not collide with similar requests from other
mobile nodes as may occur in the case of shared uplink resources. Since timing control
signaling is maintained, when the mobile node transitions from the hold state to the on state it
can transmit data without much delay, e.g., as soon as the requested uplink resource is granted,
without concerns about creating interference for other mobile nodes in the cell due to drift of
uplink symbol timing. During the hold state, transmission power control signaling may be
discontinued or performed less frequently, e.g., at greater intervals than performed during on
state operation. In this manner, the dedicated control resources used for power control signaling
can be eliminated or reduced allowing fewer resources to be dedicated to this purpose than
would be possible if power control signaling for all nodes in the hold state was performed at the

same rate as in the on state.

When transitioning from the hold state to the on state, the mobile node may start
off with an initial high power level to insure that its signals are received by the base station with
the power level being reduced once transmission power control signaling resumes at a normal
rate as part of on state operation. In one exemplary embodiment, when the mobile node in the
hold state intends to migrate to the on state, it transmits a state transition request using a
dedicated uplink communication resource, which is not shared with any other mobile nodes.
The base station then responds with a broadcast message indicating its response to the mobile's
state transition request. The mobile on receiving the base station message meant for it responds
with an acknowledgement. The acknowledgment is transmitted over a shared resource on the

uplink and is slaved to the broadcast message on the downlink.

By transmitting an appropriate state transition request the mobile may also
transition to the sleep state. In one exemplary embodiment, when the mobile node does not
intend to migrate to another state, the mobile node may not transmit any signal in its dedicated
uplink communication channel, though the dedicated channel has been assigned to the mobile
node and is therefore not used by any other mobile nodes. In another embodiment, the mobile
node uses an on/off signaling in its dedicated uplink communication channel, where the mobile
node sends a fixed signal (on) when it intends to migrate to another state and does not send any
signal (off) when it does not intend to migrate to any other state. In this case, the transmission

of the fixed signal can be interpreted as a migration request to the on state if the transmission



10

15

20

25

30

WO 2004/016008 PCT/US2003/024940
-9-

occurs at certain time instances, and as a migration request to the sleep state if the transmission

occurs at some other time instances.

4 In order to support a large number of mobile nodes, a sleep state requiring
relatively few communications resources is also supported. In an exemplary embodiment,
during the sleep state, timing control signal and power control signaling are not supported.
Thus, in the sleep state, the mobile nodes normally do not performing transmission timing
control or transmission power control signaling operations such as receiving, decoding and using
timing and transmission power control signals. In addition, the mobile node is not allocated a
dedicated uplink control resource, e.g., uplink control communications channel, for making state
transition requests or payload transmission requests. In addition, during the sleep state the
mobile node is not allocated data transmission resources, e.g., dedicated bandwidth, for use in
transmitting payload data, e.g., as part of a communications session with another node

conducted through the base station.

Given the absence of a dedicated uplink control channel during the sleep state, a
shared communications channel is used to contact the base station to request resources necessary .

for a mobile node to initiate transition from the sleep state to another state.

In some embodiments, in the sleep state the mobile node may, at the behest of the
base station serving the cell, signal its presence in the cell, e.g., using a shared communications
resource. However, as discussed above, little other signaling is supported during this state of
operation. Thus, very little control signaling bandwidth is used to communicate control

information between mobile nodes in the sleep state and a base station serving the nodes.

The access state is a state through which a node in the éleep state can transition
into one of the other supported states. The transition between states may be triggered by an
action by a user of the mobile node, e.g., an attempt to transmit data to another mobile node.
Upon entering the access state, transmission power control and timing control signaling has not
yet been established. During access state operation, timing control signaling is established and,
in various embodiments, full or partial transmission power control signaling is established. A

mobile node can transition from the access state to either the on state or the hold state.
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The establishment of the timing synchronization and transmission power control
can take some amount of time during which data transition is delayed. Also the access process
happens through a shared media and contentions between mobile nodes need to be resolved. By
supporting a hold state in accordance with the present invention, in addition to a sleep state, such
delays can be avoided for a number of mobile nodes, as transition from the hold state to the on
state does not go through the access state, while the number of nodes which can be supported by
a single base station is larger than would be possible without the use of reduced signaling states

of mobile node operation.

In some embodiments, for an individual cell, the maximum number of mobile
nodes that can be in the sleep state at any given time is set to be greater than the maximum
number of mobile nodes that can be in the hold state at given time. In addition, the maximum
number of mobile nodes which can be in the hold at any given time is set to be greater than the

maximum number of nodes that can be in the on state at any given time.

In accordance with a power conservation feature of the present invention,
downlink control signaling from the base station to the mobile nodes is divided into a plurality
of control channels. A different number of downlink control channels are monitored by a
mobile node depending on the node's state of operation. During the on state the greatest number
of downlink control channels are monitored. During the hold state a smaller number of
downlink control channels are monitored than during the on state. In the sleep state the smallest

number of downlink control channels are monitored.

To further reduce power consumption in the mobile node associated with
monitoring for control signals, in accordance with one feature of the invention control channels
monitored during the hold and sleep states are implemented as periodic control channels. That
1s, signals are not broadcast on a continuous basis on the control channels monitored in the hold
and sleep states. Thus, during the hold and sleep states the mobiles monitor for control signals
at periodic intervals and save power by not monitoring for control signals at those times when
control signals are not transmitted on the monitored channels. To further decrease the time a
particular mobile needs to monitor for control signals during the hold and sleep states, portions,
e.g., segments, of the periodic control channels may be dedicated to one or a group of mobile

nodes. The mobile nodes are made aware of which control channel segments are dedicated to
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them and then monitor the dedicated segments as opposed to all the segments in the control
channels. This allows monitoring for control signals to be performed in the hold and sleep states
by individual mobile nodes at greater periodic intervals than would be possible if the mobile

were required to monitor all segments of the periodic control channels.

In one particular embodiment, during the on state, mobile nodes monitor
segments of an assignment channel on a continuous basis and also monitor segments of periodic
fast paging and slow paging control channels. When in the hold state the mobiles monitor the
fast paging and slow paging control channels. Such monitoring may involve monitoring a
subset of the segments of the periodic fast and slow paging channels, e.g., segments dedicated to
the particular mobile node. During the hold state in the particular exemplary embodiment the
slow paging channel is monitored but not the fast paging channel or the assignment channel.

The paging control channels may be used to instruct the mobile node to change states.

By limiting the number of control channels and the rate of control channel
monitoring as a function of the state of operation, power resources can be conserved in
accordance with the invention while operating in the hold and sleep states.

Numerous additional features, benefits and details of the methods and apparatus

of the present invention are described in the detailed description which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates an exemplary communication cell, which may be part of a

communications system, implemented in accordance with the present invention.

Fig. 2 illustrates a base station implemented in accordance with the present

invention.

Fig. 3 illustrates a mobile node implemented in accordance with the present

invention.
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Fig. 4 is a state diagram illustrating the different states that a mobile node may

enter while operating in accordance with the present invention.

Fig. 5 is a chart illustrating various control and signaling modules that are

executed by a mobile node during each of the different states illustrated in Fig. 4.

Fig. 6 illustrates the transmissions associated with three exemplary downlink

control channels used in accordance with one embodiment of the present invention.

Fig. 7 illustrates which control channels shown in Fig. 6 are monitored in each of

the four states in which a mobile node of the present invention may operate.

DETAILED DESCRIPTION

Fig. 1 illustrates a communications cell 10 implemented in accordance with the
present invention. A communications system may include multiple cells of the type illustrated
in Fig. 1. The communications cell 10 includes a base station 12 and a plurality, e.g., a number
N, of mobile nodes 14, 16 which exchange data and signals with the base station 12 over the air
as represented by arrows 13, 15. In accordance with the inve\:ntion, the base station 12 and
mobile nodes 14, 16 are capable of performing and/or maintaining control signaling
independently of data signaling, e.g., voice or other payload information, being communicated.
Examples of control signaling include power control, downlink channel quality reports, and

timing control signaling.

Fig. 2 illustrates a base station implemented in accordance with the present
invention. As shown, the exemplary BS 12 includes a receiver circuit 202, transmitter circuit
204, processor 206, memory 210 and a network interface 208 coupled together by a bus 207.
The receiver circuit 202 is coupled to an antenna 203 for receiving signals from mobile nodes.
The transmitter circuit 204 is coupled to a transmitter antenna 205 which can be used to
broadcast signals to mobile nodes. The network interface 208 is used to couple the base station

12 to one or more network elements, e.g., routers and/or the Internet. In this manner, the base
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station 12 can serve as a communications element between mobile nodes serviced by the base

station 12 and other network elements.

Operation of the base station 12 is controlled by the processor 206 under
direction of one or more routines stored in the memory 210. Memory 210 includes
communications routines 223, data 220, session management/resource allocation routine 222,
session and resource signaling subroutine 224, and active user information 212.
Communications routines 223, include various communications applications which may be used
to provide particular services, e.g., IP telephony services or interactive gaming, to one or more
mobile node users. Data 220 includes data to be transmitted to, or received from, one or more
mobile nodes. Data 220 may include, e.g., voice data, E-mail messages, video images, game

data, etc.

The session management and resource allocation routine 222 operates in
conjunction with subroutines 224 and active user information 212 and data 220. The routine
222 is responsible for determining whether and when mobile nodes may transition between
states and also the resources allocated to a mobile node within a state. It may base its decision
on various criteria such as, requests from mobile nodes requesting to transition between states,
idletime/time spent by a mobile in a particular state, available resources, available data, mobile
priorities etc. These criteria would allow a base station to support different quality of service

(QOS) across the mobile nodes connected to it.

The session and resource signaling subroutine 224 is called by session
management routine 222 when signaling operations are required. Such signaling is used to
indicate the permission to transition between states. It is also used to allocate the resources, e.g.,
when in a particular state. For example, in the on state a mobile node may be granted resources

to transmit or receive data.

Active user information 212 includes information for each active user and/or
mobile node serviced by the base station 12. For each mobile node and/or user it includes a set
of state information 213, 213'. The state information 213, 213" includes, e.g., whether the
mobile node is in an on state, a hold state, a sleep state, or an access state as supported in

accordance with the present invention, number and types of data packets currently available for
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transmission to or from the mobile node, and information on the communication resources used

by the mobile node.

Fig. 3 illustrates an exemplary mobile node 14 implemented in accordance with
the invention. The mobile node 14 includes a receiver 302, a transmitter 304, antennas 303, 305,
amemory 210 and a processor coupled together as shown in Fig. 3. The mobile node uses its
transmitter 306, receiver 302, and antennas 303, 305 to send and receive information to and

from base station 12.

Memory 210 includes user/device information 3 12, data 320, a power control and
power control signaling module 322, a timing control and timing control signaling module 324,
a device status control and status signaling module 326, and a data control and data signaling
module 328. The mobile node 14 operates under control of the modules, which are executed by
the processor 306. User/device information 312 includes device information, e.g., a device
identifier, a network address or a telephone number. This information can be used, by the base
station 12, to identify the mobile nodes, e.g., when assigning communications channels. The
user/device information 312 also includes information concerning the present state of the mobile
device 14. The data 320 includes, e.g., voice, text and/or other data received from, or to be

transmitted to, the base station as part of a communications session.

Device status control and status signaling module 326 is used for device status
control and status signaling. Device status control module 326 determines, in conjunction with
signals received from the base station 12, what mode, e.g., state, the mobile node 14 is to operate
in at any given time. In response to, e.g., user input, the mobile node 14 may request permission
from the base station 12 to transition from one state to another and to be granted the resources
associated with a given state. Depending on the state of operation at any given time and the
communications resources allocated to the mobile node 14, status control and status signaling
module 326 determines what signaling is to occur and which signaling modules are to be active.
In response to periods of reduced signal activity, e.g., control signal activity, status control and
status signaling module 326 may decide to transition from a current state of operation to a state
of operation requiring fewer control resources and/or requires less power. The module 326 may,
but need not, signal the state transition to the base station. Status control and status signaling

module 326 controls, among other things, the number of downlink control channels monitored
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during each state of operation and, in various embodiments, the rate at which one or more

downlink control channels are monitored.

As part of the processes of controlling the state of the mobile node 14, and
overseeing general signaling between the mobile node 14 and base station 12, the signaling
module is responsible for signaling to the base station 12, when the mobile node 14 first enters a
cell and/or when the base station 12 requests that the mobile node 14 indicate it presence. The
mobile node 14 may use a shared communication resource to signal its presence to the cell’s
base station 12, while a dedicated communication resource may be used for other
communication signals, e.g., uploading and downloading data files as part of a communication

session.

Transmission power control and power control signaling module 322 is used to
control the generation, processing and reception of transmission power control signals. Module
322 controls the signaling used to implement transmission power control through interaction
with the base station 12. Signals transmitted to, or received from the base station 12 are used to
control mobile node transmission power levels under direction of module 322. Power control is
used by the base station 12 and the mobile nodes 14, 16 to regulate power output when
transmitting signals. The base station 12 transmits signals to the mobile nodes which are used
by the mobile nodes in adjusting their transmission power output. The optimal level of power
used to transmit signals varies with several factors including transmission burst rate, channel
conditions and distance from the base station 12, e.g., the closer the mobile node 14 is to the
base station 12, the less power the mobile node 14 needs to use to transmit signals to the base
station 12. Using a maximum power output for all transmissions has disadvantages, e.g., the
mobile node 14 battery life is reduced, and high power output increases the potential of the
transmitted signals causing interference, e.g., with transmissions in neighboring or overlapping
cells. Transmission power control signaling allows the mobile node to reduce and/or minimize

transmission output power and thereby extend battery life.

Timing control and timing control signaling module 324 is used for timing and
timing signaling. Timing control is used in wireless networking schemes such as, e.g., those
with uplinks based on orthogonal frequency division multiple access. To reduce the effects of

noise, tone hopping may also be used. Tone hopping may be a function of time with different
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mobile nodes being allocated different tones during different symbol transmission time periods,
referred to as symbol times. In order for a base station 12 of a multiple access system to keep
track of, and distinguish between, signals from different mobile nodes, it is desirable for the base
station 12 to receive information from the mobile nodes in a synchronized manner. A drift of
timing between the mobile node 14 and the base station 12 can cause transmission interference
making it difficult for the base station to distinguish between symbols transmitted by different
mobile nodes, e.g., using the same tone, but during different symbol time periods or using

different tones but during the same symbol time period.

For example, the effect on 2 mobile node's distance from the base station is a
factor since transmissions from mobile node that are farther from the base station 12 take longer
to reach the base station 12. A late arriving signal can interfere with another connection that has
hopped to the late arriving signal’s frequency in a latter time period. In order to maintain
symbol timing synchronization, it is required to instruct a node to advance or delay its symbol
transmission start time to take into consideration changes in signal propagation time to the base

station.

Data and data signaling module 328 is used to control transmission and the
reception of payload data, e.g., a channel or time slot dedicated to the mobile node for signaling

purposes. This includes, e.g., the data packets of an Internet file transfer operation.

In accordance with the present invention, the mobile node 14 can be in one of
four states. The signaling, power, and communications resources required by a mobile node will
vary depending on the sate in which the mobile node is operating. As a result of using multiple
states in the mobile nodes, the base station 12 is able to allocate different degrees of
commumication resource, e.g., control and data signaling resource, to different mobile nodes as a
function of the node's state of operation. This allows the base station 12 to support a greater
number of mobile nodes than would be possible if all nodes were continuously in the on state.
The particular state that the mobile node 14 is in determines the control signaling and data
signaling modules that are executed at any given time and also the level of control signaling
between the mobile node and base station 12. The mobile node 14 can also take advantage of

the different activity level in different states to save power and extend battery life.
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Operation of the mobile nodes 14 in different states, in accordance with the
present invention, will now be explained with reference to figures 4 and 5. Fig. 4 illustrates a
state diagram 400 including four possible states, an access state 402, a on state 404, a hold state
410 and a sleep state 408, that a mobile node 14 can enter. Arrows are used in Fig. 4 to illustrate

the possible transitions between the four states.

Fig. 5 illustrates the mobile node modules 322, 324, 326, 328 that are in the
various states shown in Fig. 4. Each row of the chart 500 corresponds to a different state. The
first through fourth rows 502, 504, 506, 508 correspond to the sleep state, access state, on state,
and hold state, respectively. Each column of the chart 500 corresponds to a different module
within the mobile node 14. For example, the first column 510 corresponds to the transmission
power control and power control signaling module 322, the second column 512 corresponds to
the timing control and timing control signaling module 324, the third column 514 corresponds to
the device status control and status signaling module 326, while the last column 516 corresponds
to the data and data signaling module 328. In Fig. 5, solid lines are used to indicate modules
which are active in a particular state. Short dashed lines are used to indicate modules which may
transition from an inactive or reduced activity level to a fully active status before the access state
is exited, assuming the modules are not already fully active. Long dashed lines are used to
indicate a module which may be active in a state but which may perform signaling at a reduced

rate while in the indicated state as opposed to the signaling rate implemented in the on state.

From Fig. 5 it can be seen that during the sleep state the device status control and
status signaling module 326 remains active but the other modules are inactive allowing for
power conservation and a significantly restricting mobile node activity. In the access state 402,
which serves as transition state, transmission power control and power control signaling module
322, timing control and timing control signaling module 324 will become fully active (or active
at a reduced rate in the case of the transmission power control and power control signaling
module 322 in some embodiments) prior to leaving the access state 402 to enter the on-state 404
or hold state 410. In the on-state, all signaling modules 322, 324, 326, 328 are fully active
requiring the most power from the mobile node's perspective and the highest allocation of
communication resources, €.g., bandwidth, from the base station's perspective. In the hold state,
transmission power control and power control signaling module 322 may be inactive or active at

a much reduced signaling rate. Timing control and timing control signaling module 324 remains
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alive as does the device status control and status signaling module 326. The data and data
signaling module 326 is either inactive or operates to implement reduced functionality, e.g.,
receive data but not transmit data as part of a communication session between various nodes. In
this manner, the hold state allows bandwidth and other communications resources to be
conserved while, in some cases, allowing the mobile node to reteive, e.g., multi-cast signals

and/or messages.

Each of the states, and potential transition between states, will now be described

in detail with reference to the state diagram of Fig. 4.

Of the four states 402, 404, 410, 408, the on state 404 allows the mobile node to
perform the widest range of supported communications activities but requires the highest
amount of signaling resources, e.g., bandwidth. In this state 404, which may be thought of as a
"fully-on" state, the mobile node 14 is allocated bandwidth on an as needed basis for
transmitting and receiving data, e.g., payload information such as text or video. The mobile
node 14 is also allocated a dedicated uplink signaling channel which it can use to make
downlink channel quality reports, communication resource requests, implement session
signaling, etc. To be useful, these downlink channel quality reports should be signaled

sufficiently frequently to track variations in the signal strengths received by the mobile nodes.

During the on state 404, under control of module 324, the base station 12 and
mobile node 14 exchange timing control signals. This allows the mobile node 14 to periodically
adjust its transmission timing, e.g., symbol timing, to take into consideration changes in distance
and other factors which might cause the mobile node transmitted signals to drift timing at the
base station's receiver, with respect to the signals transmitted by other mobile nodes 16. As
discussed above, the use of symbol timing control signaling is employed in many systems which
use orthogonal frequency division multiple access in the uplink, to avoid interference from

transmission signals generated by multiple nodes in the same cell 10.

To provide transmission power control, during the on state 404, transmission
power control signaling is employed, under direction of module 322, to provide a feedback
mechanism whereby a mobile node is able to efficiently control its transmission power levels

based on signals periodically received from the base station with which it is communicating. In
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this manner, a mobile node 14 can increase and/or decrease its transmission power to provide for
successful receipt of signals by the base station 12 without excessive wastage of power and
therefore reduced battery life. The power control signaling is carried out sufficiently frequently
to track variations in the signal strength between the base station 12 and the mobile nodes 14, 16
for a certain minimum channel coherence time. The power control interval is a function of
channel coherence time. The power control signaling and the downlink channel quality reports
are of similar time scale, and in general, occur at much higher rate than the timing control

signaling required to support vehicular mobility.

From the on state 404, the mobile node 14 can transition into either the sleep state
408 or the hold state 410. Each of these states requires reduced communication résources, e.g.,
bandwidth, to support than does the on state 404. The transition may be in response to user
input, e.g., a user terminating a communications session or in response to the loss of
communications resources, €.g., bandwidth required to support the transmission and/or receipt of

information to be communicated such as voice or data information.

In accordance with the present invention, in the hold state, a mobile node is
denied bandwidth for transmitting payload data. However, timing control signaling is
maintained and the mobile node is also allocated a dedicated uplink communication resource
which it can use to request changes to other states. This allows for instance a mobile node to
obtain additional communications resources by requesting a transition to on state where it could
transmit payload data. Maintaining timing control during the hold state 410 allows the mobile
node 14 to transmit its uplink requests without generating interference to other mobiles 16
within the same cell 10. Having a dedicated resource for transmitting requests to the base
station 12 also helps ensure that the delays for state transition are minimal as these requests do

not collide with similar requests from other mobiles.

From the hold state 410, the mobile node may transition into the on state 404,
e.g., upon being granted a requested communication resource. Alternatively, the mobile node
can transition into the sleep state 408. Since timing control signaling is maintained in the hold
state 410, when the mobile node transitions to the on state it can transmit data without much

delay, e.g., as soon as the requested bandwidth is granted, without concerns about creating
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interference to the uplink transmission of other mobile nodes in the cell which could result from

a timing drift of the mobile node.

During the hold state 410, transmission power control signaling may be
discontinued or performed at greater intervals, e.g., at a similar rate as timing control. In this
manner, the resource, e.g., base station to mobile node control resource, used for transmission
power control signaling can be eliminated or less resource can be dedicated to this purpose than
would be possible if power control signaling for all nodes 14, 16 in the hold state was performed
at the same rate as in the on state. The mobile nodes 14, 16 transmission power control updates
are performed in the mobile node during the hold state at a reduced rate or not at all, in a manner
which corresponds to the reduced transmission power control signaling. When transitioning
from the hold state 410 to the on state 404, the mobile node 14 may start off with an initial high
power level to insure that its signals are received by the base station 12. The power level is then
reduced once transmission power control signaling resumes at a normal (full) rate as part of on

state operation.

Transition from hold state can be initiated by base station or by the mobile nodes.
The base station may initiate a transition by sending a page over a paging channel meant for the
hold state users. In one embodiment, the mobile decodes the paging channel with some
prearranged periodicity, to check for base station messages. On finding a page message meant
for it, it responds with an acknowledgement. In various embodiments the acknowledgement is
transmitted over a shared resource on the uplink and is slaved to the page or grant message on
the downlink. The mobile node 14 responds to a state change message by moving to the

assigned state specified in the received state change message.

In one embodiment, when the mobile node 14 intends to migrate from the hold
state 410 to the on state 404, it transmits a state transition request using its dedicated uplink
communications channel, which is not shared with any other mobile nodes 16. Since the
channel is not shared, the base station 12 is able to receive the request without interference and
promptly grant the request assuming the required resources are available taking into account the
priority of the user and/or the applications that the user may be using. The mobile on receiving a

grant message meant for it, responds with an acknowledgement. The acknowledgment is
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transmitted over a shared resource on the uplink and is slaved to the grant message on the
downlink.

In one exemplary embodiment, when the mobile node does not intend to migrate
to another state from the hold state, the mobile node may not transmit any signal in its dedicated
uplink communication resource, though the dedicated resource has been assigned to the mobile
node and therefore will not be used by any other mobile nodes. In this case, the mobile node can

temporarily shut down the transmission module and related functions thereby conserving power.

In another embodiment, the mobile node uses an on/off signaling in its dedicated
uplink communication resource, where the mobile node sends a fixed signal (on) when it intends
to migrate to another state or does not send any signal (off) when it does not intend to migrate to
any other state. In this case, the transmission of the fixed signal can be interpreted as a
migration request to the on state if the transmission occurs at certain time instances and as a

migration request to the sleep state if the transmission occurs at some other time instances.

In order to provide reachability for a large number of mobile nodes 14, 16, the
sleep state 408, requiring relatively few communications resources, is also supported. The
mobile node 14 can transition into the sleep state 408, e.g., in response to user input, a period of
inactivity, or a signal from the base station 12, from any of the other supported states 404, 404,
410.

In the sleep state 408 the mobile node 14 may, at the behest of the base station
12, serving the cell 10 signal its presence in the cell 10. However, little other signaling is
supported during this state 408 of operation. In the exemplary embodiment, during the sleep
state 408, timing control signaling and power control signaling are not supported. In addition,
the mobile node is not allocated a dedicated uplink for making resource requests and is not
allocated bandwidth for use in transmitting payload data, e.g., as part of a communications

session with another node 16 conducted through the base station 12.

Transitions from the sleep state 408 to another state 404, 410 occur by passing
through access state 402. A shared (contention based), as opposed to a dedicated uplink,

communications channel is used to contact the base station 12 to request resources necessary to
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transition from the sleep state 408 to another state 402, 404, 410. These transitions could be
initiated by the base station on the paging channel or by the mobile nodes 14, 16. Since the
communications channel used to request resources to transition from the sleep state is shared, a
mobile node 14 may encounter delays before being able to successfully transmit the resource
request to the base station 12. This is due to possible collisions with similar requests from other
mobile nodes. Such delays are not encountered in regard to transitions from the hold state 410
to the on state due to the use of a dedicated uplink resource for requests while in the hold state

410.

The access state 402 is a state through which a node 14 in the sleep state 408 can
transition into one of the other supported states 404, 410. The transition out of the sleep state is
normally triggered, by an action by a user of the mobile node 14, e.g., an attempt to transmit
data to another mobile node 16 or by the base station 12. Upon entering the access state 402,
transmission power control and timing control signaling has not yet been established. During
access state operation, timing control signaling is established and, in various embodiments, full
or partial transmission power control signaling is established with mobile node transmission
output power levels being adjusted accordingly. A mobile node can transition from the access
state 402, back to the sleep state 408 or to either the on state 404 or the hold state 410.
Transition to the sleep state 408 may occur, e.g., in response to a user canceling a transmission
request or a base station 12 denying the node the resources required to complete the transition to
the hold or on states 404, 410. Transition from the access state to the on state 404 or hold state
410 normally occurs once the mobile node 14 has restored power and timing synchronization
signaling with the base station 12 and has been granted the communications resource or

resources required to maintain the state into which the mobile node 14 is transitioning,.

The establishment of the timing synchronization and transmission power control
signaling, in the access state 402, can take some amount of time during which data transmission
is delayed. Furthermore, as noted above, delays may result form the use of a shared resources to
request the transition which can produce contentions between mobile nodes which take time to
resolve. In addition, because of the use of shared resources in requesting a state transition, it is

difficult to prioritize between different nodes requesting state transition.
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In some embodiments, for an individual cell 10, the maximum number of mobile
nodes 14, 16 that can be in the sleep state 408 at any given time is set to be greater than the
mmaximum number of mobile nodes 14, 16 that can be in the hold state 410 at given time. In
addition, the maximum number of mobile nodes 14, 16 which can be in the hold state 410 at any
given time is set to be greater than the maximum number of nodes that can be in the on state 404

at any given time.

By supporting a hold state in accordance with the present invention, in addition to
a sleep state, such delays can be avoided for a number of mobile nodes 14, 16, as transition from
the hold state 410 to the on state 404 does not go through the access state, while the number of
nodes which can be supported by a single base station 12 is larger than would be possible

without the use of the reduced signaling hold state.

From a power standpoint it is desirable that the amount of time and thus power a
mobile node spends monitoring for control signals be minimized. In order to minimize the
amount of time and power a mobile node spends monitoring for control signals, at least some -
downlink control signaling, i.e., signaling from the base station to one or more mobile nodes, is
performed using multiple control channels. In one embodiment of the invention, particularly
well suited for use with mobile nodes capable of supporting multiple states of operation, a
plurality of control channels are provided for communicating control signals from the base
station to the mobile nodes. Each of the plurality of common control channéls is divided into a
number of segments, e.g., time slots, where each segment is dedicated, e.g., assigned, for use by
one or a group of mobile nodes. In this case, a group of mobile nodes may be, e.g., a subset of
the mobile nodes in the system which correspond to a multicast message group. In such an
embodiment, the control channels are common to multiple nodes, but each segment of a channel
is dedicated, e. g., corresponds to, a particular one of the mobile nodes or group of mobile nodes
‘with other mobile nodes being excluded from using the dedicated segments. The dedicated
segments of a common control channel corresponding to an individual mobile node represent a

dedicated control channel allocated to the individual mobile node.

The pattern of control channel segment allocation is made known to the
individual mobile nodes 14, 16 in a cell, e.g., based on information transmitted to each particular

node 14, 16 from the base station 12.
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To provide particularly efficient control channel signaling, base station to mobile
node control signaling may be performed at several different rates, with a different control

channel being used for each of the different control channel signaling rates.

In order to minimize the amount of power and resources consumed by the task of
monitoring control channels for information relevant to a mobile node, each mobile node need
only monitor to detect signals in control channel segments assigned to the particular node. This
allows the mobile nodes to schedule control channel monitoring operations so that the control
channels need not be monitored on a continuous basis while still allowing the mobile nodes to

receive control signals in a timely manner.

In one embodiment which is particularly well suited for use where mobile nodes
that support at least an on state, a hold state and a sleep state, three different segmented control
channels are used. The three control channels include an assignment control channel, a fast

paging control channel, and a slow paging control channel.

The fast paging control channel and slow paging control channel are periodic in
nature, e.g., control signals are not transmitted in terms of time on a continuous basis in these
channels. Thus, mobile nodes need not spend power and resources monitoring these channels
on a continuous basis. In some embodiments, to further reduce the amount of time and power a
mobile needs to spend monitoring the fast and slow paging channels, the channels are segmented

and the segments are dedicated to particular mobile nodes or groups of mobile nodes.

In order to minimize the amount of power and resources consumed by the task of
monitoring control channels for information relevant to a mobile node, each mobile node need
only monitor to detect signals in the fast and slow paging control channel segments assigned. to
the particular node. This allows the mobile nodes to schedule control channel monitoring
operations so that the control channels can be monitored on a less frequent basis than would be

possible if all segments need to be monitored for control signals.

Fig. 6 illustrates control signals 602, 620, 630 corresponding to exemplary
assignment, fast paging and slow paging downlink control channels respectively. The fast
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paging control channel signal 602 is divided into a plurality of segments, e.g., 1 ms time slots.
Transmission in the assignment channel occurs, in the Fig. 6 embodiment, on a continuous basis.
For each time slot, there is a corresponding traffic channel segment or segments. Traffic
channel segments are allocated by the base station 12 to mobile nodes 14, 16 by transmitting a
mobile node identifier or mobile node group identifier in a time slot to indicate that the
corresponding traffic segment or segments have been assigned for use to the mobile node(s)
corresponding to the transmitted identifier. While in the on state mobile nodes 14, 16 monitor
the assignment channel on a continuous basis, e.g., at a rate sufficient to detect the identifier

included in each segment of the control channel used for traffic assignment purposes.

During the on state, in addition to the assignment channel each mobile node 14,

16 monitors the periodic fast paging and slow paging channels.

In Fig. 6, fast paging signal 620 can be seen to be periodic in nature. Each
exemplary fast paging signal period 622, 626, 230, 634 is 10 ms in duration. However, of this
10 ms period, the fast paging signal is actually transmitted for only a fraction of the full period,
e.g., 2 ms. The periods 623, 627, 631, 635 in which the fast paging signal is transmitted are
segmented into time slots. The remaining portions 624, 628, 632, 636 represent portions of time
in which the fast paging control signal is not broadcast by the base station 12. While only two 1
ms segments are shown in each fast paging on period 623, 627, 631, 635 it is to be understood

that there are normally several segments per on period.

To reduce the amount of time mobile nodes 14, 16 need monitor for fast paging
control signals, fast paging control channel segments are, in some embodiments, dedicated to
individual mobile nodes or groups of mobile nodes. The information on which segments are
dedicated to which mobile nodes is normally conveyed to the mobile nodes 14, 16, e.g., form the
base station 12. Once the dedication information is known, the mobile nodes 14, 16 can limit
their monitoring of fast paging channel segments to segments which are dedicated to them. In
such embodiments, mobile nodes can monitor the fast paging channel at periodic intervals
greater than the fast paging period without risking missing control information transmitted to the

mobile on the fast paging channel.
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The segments of the fast paging channel are used to convey information, e.g.,
commands, used to control the mobile node to transition between states. The segments of the
fast paging channel can also be used to instruct the mobile node to monitor the assignment
channel, e.g., when the mobile node is in a state which has caused it to stop monitoring the
assignment channel. Since the mobile nodes of the system know which segments of the fast
paging channel] are assigned to them, commands may be included in the fast paging channel

segments without mobile node identifiers making for an efficient transmission scheme.

The slow paging channel is segmented and used to convey information in the
same manner as the fast paging channel. The information conveyed using the slow paging
channel may be the same as, or similar to, the information and commands that are transmitted

using the fast paging channel.

In Fig. 6, signal 630 represents an exemplary slow paging channel signal. Note
that the full slow paging signal period 632 is longer than the paging period 622 of the fast
paging channel. Reference numbers 631 and 634 are used in Fig. 6 to show portions of a slow
paging period. Given that the slow paging period is longer than the fast paging period, the time
between control signal transmission in the slow paging channel tends to be greater than in the
fast paging channel. This means that the mobile node may discontinue monitoring the slow
paging channel for longer intervals than is possible with the fast paging channel. It also implies,
however, that it may take, on average, longer for a control signal transmitted on the slow paging

channel to be received by the intended mobile node.

In Fig. 6, two slow paging signal transmission on signal periods 640, 642 are
shown. Signal periods 639, 641, 643 correspond to slow paging channel signal periods during

which no slow paging signal is transmitted.

Since the fast and slow paging channels are period in nature, if the transmission
on periods are staggered so that they do not overlap, the fast and slow paging channels may be
implemented using the same physical transmission resources, e.g., tones, with the tones being
interpreted as corresponding to either the fast or slow paging channel depending on the time

period to which the tones correspond.
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The spacing between segments allocated to a particular mobile node in the slow
paging channel are often, but need not be, greater than in the fast paging channel. This generally
means, in terms of time, that a mobile device needs to monitor the slow paging channel at
intervals which are more widely spaced than the intervals at which the fast paging channel is
monitored. As aresult of the greater spacing of the segments in the slow paging channel, power
required to monitor this channel is normally less than that required to monitor the fast paging

channel.

In accordance with one embodiment of the present invention different numbers of
downlink control channels are monitored in different states. In such embodiments, the
assignment, fast paging and slow paging channels are not monitored in all states. Rather, in the
on state the greatest number of downlink control channels are monitored, fewer downlink
control channels are monitored in the hold state and the lowest number of downlink control

channels are monitored in the sleep state.

Fig. 7 shows a table 700 which illustrates the three exemplary base station to
mobile node (downlink) control signaling channels and the corresponding four exemplary
mobile node states of operation discussed above. In the table 700, a check is used to show
control channels which are monitored for a given state while an X is used to indicate a control
channel which is not monitored. A dashed check is used to show a control channel which may
not be monitored during a portion of the time in that state but is monitored for at least a portion

of the time in the state.

From Fig. 7 the first row 702 corresponds to the on state, the second row 704
corresponds to the access state, the third row 706 corresponds to the hold state and the fourth
row 708 corresponds to the sleep state. Columns in the table 700 correspond to different
segmented control channels. The first column 710 corresponds to the assignment channel, the
second column 712 corresponds to the fast paging channel, while the third column 714

corresponds to the slow paging channel.

As can be seen from the table 700, while in the on state a mobile node 14, 16
monitors the assignment channel, fast paging control channel and slow paging control channel.

For a portion of the access state, which represents a transition between the on state and either the
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hold state or the sleep state, the assignment and fast paging channels are monitored. The slow
paging channel is monitored for the full period of time the mobile node remains in the access
state. As discussed above, monitoring of the fast paging and slow paging channels requires a
mobile node to be actively engaged in monitoring on a periodic, as opposed to a continuous,

basis.

While in the hold state, the assignment channel is not monitored. However, the
fast paging channel and slow paging channel are monitored. Accordingly, a mobile node in the
hold state can be instructed to change states and/or monitor the assignment channel for traffic

channel segment assignment information in a relatively short period of time.

In the sleep state, of the three control channels shown in Fig. 6, only the slow
paging channel is monitored by the mobile node. Accordingly, a mobile node 14, 16 in the hold
state can be instructed to change states and/or monitor the assignment channel for traffic channel
segment assignment information but such instructions may take longer to be detected, on

average, than when in the hold state.

By decreasing the number of control channels that are monitored as operation
proceeds from the on state to the less active sleep state, mobile node monitoring and processing
resources, and thus power consumption, can be effectively controlled. Thus, the sleep state
requires less mobile node resources, including power, than the hold state. Similarly, the hold

state requires less mobile node resources, including power, than the on state.

Mobile node transitions from active to less active states of operation may occur in
response to commands to change states received from a base station. However, in various
embodiments of the invention such transitions are also initiated by mobile nodes 14, 16 in
response to detecting periods of downlink control signal inactivity or reduced activity pertaining

to the mobile node.

In one embodiment of the invention, activity relating to a mobile node 14, 16 on
the control channel which will cease to be monitored if the mobile node reduces its state of
activity by one level is used to determine when the mobile node should, on its own, switch to the

lower activity level state of operation. For example, in the case of the on state, a mobile node
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monitors the assignment channel for signals directed to it. When failing to detect signals on the
assignment channel for a preselected period of time, or a reduced message level for a period of
time, the mobile node 14, 16 switches from the on state to the hold state and ceases to monitor

the assignment channel.

While in the hold state, the mobile node 14, 16 monitors the fast paging channel
for activity to determine, among other things, if it should switch to a lower activity state of
operation, e.g., the sleep state. When failing to detect signals for a preselected period of time, or
areduced signal level for a period of time, the mobile node 14, 16 switches from the hold state

to the sleep state and ceases to monitor the fast paging channel.

Using the above discussed methods, monitoring, signal processing and power
resources can be conserved in a mobile node 14, 16 through the use of multiple states of
operation and through the use of multiple segmented control channels. In addition, limited
control resources, e.g., bandwidth used for communicating control information from a base
station to a mobile node, is used efficiently as a result of using multiple control channels, e.g.,

segmented control channels of the type described above.

Numerous variations on the above described methods and apparatus will be
apparent to one of ordinary skill in the art in view of the above description of the invention.

Such variations remain within the scope of the invention.
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What is claimed is:

1. A method of operating a mobile node capable of operating in a plurality of states of
operation, comprising the steps of:

monitoring, during a first state of operation, a first control channel to detect
control signals in segments of the first control channel intended for said mobile node, and to
detect a period of reduced control signaling to said mobile node on said first control channel;
and

in response to detecting a period of reduced control signal signaling to said
mobile node on said first control channel, transitioning from said first state of operation to a
second state of operation; and

wherein transitioning from said first state of operation to the second state of

operation includes ceasing to monitor said first control channel.

2. The method of claim 1, further comprising, while in said second state of operation:
monitoring a second control channel to detect control signals in segments of the
second control channel intended for said mobile node, and to detect a period of reduced control
signaling to said mobile node on said second control channel; and
in response to detecting a period of reduced control signal signaling to said
mobile node on said second control channel, transitioning from said second state of operation to

a third state of operation.

3. The method of claim 2,
wherein transitioning from said second state of operation to the third state of

operation includes ceasing to monitor said second control channel.

4, The method of claim 2, wherein monitoring said first control channel during said first

state of operation includes monitoring said first control channel on a continuous basis.

5. The method of claim 4, wherein said second control channel is a non-continuous control

channel inchading at least some control segments dedicated to said mobile node.
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6. The method of claim 5, wherein the only segments of said second control channel which
are monitored during said second state of operation are second control channel segments

dedicated to said mobile node.

7. The method of claim 5, wherein said third control channel is a non-continuous control

channel including at least some third channel control segments dedicated to said mobile node.

8. The method of claim 7, wherein the only segments of said third control channel which
are monitored during said third state of operation are third control channel segments dedicated to

said mobile node.

9. The method of claim 1, further comprising:
monitoring, during said first state of operation, a second and third control channel

in addition to said first control channel.

10.  The method of claim 9, further comprising:
monitoring, during said second state of operation, a third control channel in

addition to said second control channel.

11.  The method of claim 10, wherein said second and third control channels are periodic
control channels including segments dedicated to a plurality of different mobile nodes, at least
one segment being periodically dedicated in each of the second and third communications
channels to said mobile node while said mobile node is operating in said second state of

operation.

12.  Themethod of claim 10, wherein the first control channel is an assignment channel used

to transmit data communication resource allocation information.

13.  The method of claim 12, wherein said second control channel is a paging control channel

used to transmit state control information.

14.  The method of claim 13, wherein said third control channel is another paging control

channel used to transit state control information.
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15. A mobile communications device capable of operating in a plurality of states of
operation, comprising:

means for monitoring, during a first state of operation, a first control channel to
detect control signals in segments of the first control channel intended for said mobile node, and
to detect a period of reduced control signaling to said mobile node on said first control channel;
and

means for transitioning from said first state of operation to a second state of
operation in response to detecting a period of reduced control signal signaling to said mobile
node on said first control channel, wherein transitioning from said first state of operation to the

second state of operation includes ceasing to monitor said first control channel.

16. The device of claim 15, further comprising, while in said second state of operation:
means for monitoring a second control channel to detect control signals in
segments of the second control channel intended for said mobile node, and to detect a period of
reduced control signaling to said mobile node on said second control channel; and
means for transitioning from said second state of operation to a third state of
operation in response to detecting a period of reduced control signal signaling to said mobile

node on said second control channel.

17. The device of claim 16,
wherein transitioning from said second state of operation to the third state of

operation includes ceasing to monitor said second control channel.

18. The device of claim 17, wherein said means for monitoring said first control channel
during said first state of operation includes circuitry for monitoring said first control channel on

a continuous basis.

19. The device of claim 18, wherein said second control channel is a non-continuous control

chanmnel including at least some control segments dedicated to said mobile node.

20. A communications system comprising:
a plurality of mobile nodes, each of the plurality of mobile nodes being capable

of operating in one of a plurality of states;
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a base station for transmitting signals to said plurality of mobile nodes, over first
and second control channels; and
where at least one of said plurlality of mobile nodes includes:

i) means for monitoring, during a first state of operation, a first
control channel to detect control signals in segments of the first control channel
intended for said mobile node, and to detect a period of reduced control signaling
to said mobile node on said first control channel; and

ii) means for transitioning from said first state of operation to a
second state of operation in response to detecting a period of reduced control
signal signaling to said mobile node on said first control channel, wherein
transitioning from said first state of operation to the second state of operation

includes ceasing to monitor said first control channel.
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