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(57) Abstract: The present invention provides an access point, such as a base station, facilitating wireless communications with a plu-
rality of mobile terminals, which are capable of operating in an active or standby mode. The access point provides active-to-standby
transition timers for controlling when to instruct active mobile terminals to enter a standby mode after the end of a communication
session. The active-to-standby transition timers have variable values based on one or more Quality of Service (QoS) parameters. Dif-
ferent mobile terminals may be associated with different QoS levels. The values for the active-to-standby transition timers may vary
based on their respective QoS levels. The initial values for the active-to-standby transition timers may differ depending on the QoS
level for the associated mobile terminal. As the QoS parameters indicate conditions adversely affecting QoS, the active-to-standby

timer values may decrease in proportion to the QoS parameters.
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ADAPTIVE STATE TRANSITION CONTROL

Field of the Invention

[0001] The present invention relates to wireless communication systems,
and in particular, to controlling transitions between active and standby modes

for mobile terminals based on QoS requirements.

Background of the Invention

[0002] In wireless systems where a common access point, such as a base
station, communicates with multiple mobile terminéls, there is a need to
manage activity of the mobile terminals and allocation of resources. Since
many mobile terminals are battery operated, there is a constant effort to
minimize power consumption and optimize battery life. Accordingly, the
mobile terminals often cycle between an active mode during communication
sessions and one or more standby modes between communication sessions.
While in a standby mode, the mobile terminals may operate in different ways
depending on the communication system. For example, a mobile terminal
may power down in standby mode and periodically power up and
communicate with the base station to see if a communication session is
necessary. When the mobile terminal awakes to see if a communication
session is necessary, the mobile terminal is not considered in an active mode,
and communicates with the access point only to a limited extent to determine
if it should transition to an active mode.

[0003] During active modes, communication resources are allocated to
facilitate communications between the mobile terminal and the access point.
Unfortunately, the access point has limited communication resources and is
limited in the number of mobile terminals with which it can communicate at
any given time. Given these limitations, access points in current wireless
communication systems control the operating mode of the mobile terminals
and allocation of communication resources available for communications with
the mobile terminals.

[0004] The communication resources correspond to the physical layer
resources facilitating communication in a given communication medium. The

communication resources are managed using a medium access control
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(MAC) protocol, which is typically a layer two protocol. Communications are
effected using a data channel for communicating data traffic and a control
channel for communicating control signaling according to the MAC protocol.
[0005] Figure 1 illustrates the basic communication process of existing
wireless systems wherein the mobile terminals are transitioned between
active and standby modes. The control signaling by the access point controls
transitions between the active and standby modes. During an active mode for
a given mobile terminal, the access point sets an active-to-standby timer upon
completion of either transmitting or receiving a block of data, Tsgr. The
active-to-standby timer has a fixed value tmmer. which corresponds to a
defined period of time. If new data arrives for communication prior to
expiration, the active-to-standby timer is cancelled, Tcan, the mobile terminal
remains in the active mode, and the data is communicated. Once the data is
communicated, the active-to-standby timer is once again set, Tser, using the
fixed value, trimer.

[0006] If no new data needs to be communicated during the fixed period,
the fixed active-to-standby timer expires, Texp, and the access point instructs
the mobile terminal to transition into the standby mode. When new data
arrives for communication, Tpara, the access point instructs the mobile
terminal to transition into the active mode. Notably, there is normally a certain
amount of time, trran, Necessary for the mobile terminal to transition into an
active mode and for the access point to recognize the mobile terminal is
active and to allocate resources for facilitating communications between the
mobile terminal and the access point. Once the mobile terminal returns to the
active mode and the access point allocates the resources, TaLLoc, the new
data is communicated and the cycle will repeat as necessary.

[0007] As noted, the active-to-standby timer value triver is set as a fixed
configuration parameter and does not change dynamically during operation or
among mobile terminals. A fixed timer value has proven satisfactory for
traditional voice and low speed data systems where all traffic is processed
with the same priority and treated equally. In such systems, a best effort
approach is applied to all data regardless of type or user. However, higher
speed data communications often prioritize certain types of data and users in

different ways. For instance, voice or streaming media is prioritized over
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basic data transfer. Accordingly, a concept of quality of service (QoS) is
necessary to control the tolerable transmission delay for data or the
acceptable residual error rate.

[0008] In a system that delivers multiple levels of QoS, the data should not
be treated equally, because the higher QoS users need more chances to
communicate than the lower QoS users. The QoS requirements become
apparent when the system is busy. If the same active-to-standby timer value
triver is equally applied to the higher QoS and the lower QoS users, there are
equal chances for both QoS groups to be transitioned from the active mode to
the standby mode. Once a user is moved from the active state to the standby
state, it usually takes a significant amount of time, Ttran, to transition back to
the active mode. As a result, the data requiring a higher QoS is unacceptably
delayed, even though the data requiring a lower QoS could tolerate even
longer delays than that imposed.

[0009] Applying a shorter active-to-standby timer period for systems
handling heavy traffic loads often results in urgent traffic suffering from
unacceptable delays. These delays are imposed because the mobile
terminals are transitioned prematurely into a standby mode and the time to
transition back to the active mode is relatively long. Further, the fixed active-
to-standby timer period does not allow for prioritizing data and users requiring
different QoS levels. Accordingly, there is a need for a way to control the
transitioning from an active mode to a standby mode based on QoS

requirements.

Summary of the Invention

[0010] The present invention provides an access point, such as a base
station, facilitating wireless communications with a plurality of mobile
terminals, which are capable of operating in an active or standby mode. The
access point provides active-to-standby transition timers for controlling when
to instruct active mobile terminals to enter a standby mode after the end of a
communication session. The active-to-standby transition timers have variable
values based on one or more Quality of Service (QoS) parameters. Different
mobile terminals may be associated with different QoS levels. The values for

the active-to-standby transition timers may vary based on their respective
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QoS levels. The initial values for the active-to-standby transition timers may
differ depending on the QoS level for the associated mobile terminal. As the
QoS parameters indicate conditions adversely affecting QoS, the active-to-
standby timer values may decrease in proportion to the QoS parameters.
[0011]  Further, the values for the active-to-standby timers associated with
the different QoS levels may be decreased at different rates. Preferably, the
values for active-to-standby transition timers associated with higher QoS
levels are decreased at rates less than those associated with lower QoS
levels. When conditions that adversely affect QoS persist, the access point
can block mobile terminals operating in a standby mode from transitioning to
an active mode as well as transition active mobile terminals to which there are
no data to communicate to a standby mode.

[0012] Those skilled in the art will appreciate the scope of the present
invention and realize additional aspects thereof after reading the following
detailed description of the preferred embodiments in association with the

accompanying drawing figures.

Brief Description of the Drawing Figures

[0013] The accompanying drawing figures incorporated in and forming a
part of this specification illustrate several aspects of the invention, and
together with the description serve to explain the principles of the invention.
[0014] Figure 1 illustrates physical layer control associated with a mobile
terminal according to the prior art.

[0015] Figure 2 is a block representation of a wireless communication
environment according to one embodiment of the present invention.

[0016] Figure 3 illustrates physical layer control associated with a mobile
terminal according to the one embodiment of the present invention.

[0017] Figures 4A and 4B are graphs illustrating control of an active-to-
standby timer according to the prior and one embodiment of the present

invention, respectively.

Detailed Description of the Preferred Embodiments

[0018] The embodiments set forth below represent the necessary
information to enable those skilled in the art to practice the invention and
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illustrate the best mode of practicing the invention. Upon reading the
following description in light of the accompanying drawing figures, those
skilled in the art will understand the concepts of the invention and will
recognize applications of these concepts not particularly addressed herein. It
should be understood that these concepts and applications fall within the
scope of the disclosure and the accompanying claims.

[0019] Reference is now made to Figure 2. Wireless networks use access
points, such as base stations 10, to facilitate communications with access
terminals, such as mobile terminals 12, within a select coverage area, or cell.
Respective groups of base stations 10 are supported by a communication
network 14, which may include mobile switching centers, a public switched
telephone network (PSTN), a packet-switched network, or a combination
thereof. The communication network 14 is used to transport data in the form
of packets to and from the base station 10. The packets may be
communicated in a direct packet-switched manner or on top of a circuit-
switched platform. The manner in which the packets are communicated to the
base station 10 is not critical to the invention.

[0020] During downlink communications from the base station 10 to select
mobile terminals 12, the base station 10 must determine the manner and
order in which to transmit the data received in the packets from the
communication network 14 to the mobile terminals 12. Further, the base
station 10 will effectively control allocation of resources necessary to facilitate
communications amongst the mobile terminals 12 and instruct the mobile
terminals 12 when to transition between an active and one or more standby
modes.

[0021] Accordingly, the base station 10 will include a control system 16
having a control plane 18 controlling the flow of data through a data plane 20,
allocation of resources, and the operating mode of the mobile terminals 12.
For transmissions to the mobile terminals 12, the data plane 20 will process
packets received from the communication network 14 via a network interface
22 under the control of the control plane 18. The packets are processed into
units, which are delivered to radio frequency (RF) transceiver circuitry 24 for
transmission via the antennas 26 once communication resources are

allocated, the appropriate mobile terminal 12 is operating in an active mode,
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and the unit is scheduled to be transmitted. For transmissions to the base
station 10, units modulated in signals received at the antenna 26 are
recovered via the RF transceiver 24 and processed by the data plane 20
under the control of the control plane 18. The recovered units are then
forwarded, as necessary, over the communication network 14 via the network
interface 22.

[0022] For the sake of clarity, the term “packet” refers to packetized data,
which is received by the base station 10 from the communication network 14.
The term “unit” refers to packetized data that is transmitted from the base
station 10 to the mobile terminals 12. A unit may include all or any part of one
or more packets. Although units may directly correspond to packets, units are
preferably a given size wherein packets may vary in size from one packet to
another. The units may include voice or traditional data intended to be
communicated at any data rate, alone or in conjunction with control
information used to control the mobile terminal 12 or communications
therewith.

[0023] The forward link from the base station 10 to the mobile terminal 12
will include one or more channels, which are divided into defined time slots.
The RF transceiver circuitry 24 is configured to modulate a given unit as
dictated by the control plane 18 and transmit the modulated unit via one or
more antennas 26 during a single time slot. The RF transceiver circuitry 24 is
preferably configured to implement different modulation and coding
techniques and speeds based on channel conditions, the capabilities of the
mobile terminals 12, or required transmission standards. Those skilled in the
art will recognize the various possible modulation techniques and that multiple
units may be transmitted in a given time slot. Further, different channels may
be allocated for data and control signaling.

[0024] The control plane 18 includes a scheduler and a medium access
control (MAC) application, which includes an active-to-standby timer control
function 28. The scheduler is configured to control delivery of units to the
mobile terminals 12 based on scheduling requirements. During operation,
packets for any number of mobile terminals 12 are received and stored in a
buffer 30 associated with the data plane 20. The buffer 30 is segregated into

multiple queues, each associated with a given mobile terminal 12. If the
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packets do not directly correspond to units, the incoming packets are
processed into the desired units. The units are stored in the respective
queues in the order in which they are received. Preferably, the queues use a
first-in-first-out (FIFO) configuration.

[0025] Unfortunately, the base station 10 has limited communication
resources and is limited in the number of mobile terminals 12 with which it can
communicate at any given time. Thus, in addition to scheduling, the base
station 10 must control the operating mode of the mobile terminals 12 and
allocate communication resources for communications with the mobile
terminals 12. In addition to managing communication capacity, the mobile
terminals 12 are also instructed to enter a standby mode to manage power
consumption.

[0026] The allocable communication resources typically correspond to the
physical layer resources facilitating communication in a given communication
medium. The communication resources are managed using a MAC protocol,
which is typically a layer two protocol, implemented in the control plane 18.
Communications are effected using a data channel for communicating data
traffic and a control channel for communicating control signaling according to
the MAC protocol.

[0027] Figure 3 illustrates the basic communication process of present
invention wherein the mobile terminals 12 are transitioned between active and
standby modes under control of the base station 10. In addition to managing
communication resources and the number of active mobile terminals, the
base station 10 may control the active and standby modes in a manner
minimizing power consumption and maximizing battery life for the mobile
terminals 12.

[0028] The control signaling of the base station 10 controls transitions
between the active and standby modes. During an active mode for a given
mobile terminal 12, the timer control function 28 in the control plane 18 sets
an active-to-standby timer, Tser, for each participating mobile terminal 12
upon completion of either transmitting or receiving a block of units, referred to
in general as data. Importantly, the active-to-standby timer has a variable
value, trver. If new data arrive for communication prior to the timer expiring,

the active-to-standby timer is cancelled, Tcan, the mobile terminal 12 remains



WO 03/069934 PCT/IB03/00155
8

in the active mode, and the data is communicated. Once the data is
communicated, the active-to-standby timer is once again set, Tser.

[0029]  If no new data needs communicated during the period defined by
the active-to-standby timer value trmer, the timer expires, Texp, and the base
station 10 instructs the mobile terminal 12 to transition into the standby mode.
When new data arrives for communication, Tpara, the base station instructs
the mobile terminal 12 to transition into the active mode. Notably, there is
normally a certain amount of time, trran, Necessary for the mobile terminal 12
to transition into an active mode, for the base station 10 to recognize the
mobile terminal 12 is active, and for the base station 10 to allocate resources
for facilitating communications between the mobile terminal 12 and the base
station 10. Once the mobile terminal 12 returns to the active mode and the
base station 10 allocates the resources, TaiLoc, the new data may be
communicated and the cycle will repeat.

[0030] In contrast to existing state control techniques, the active-to-
standby timer value trver Of the present invention is variable and can change
dynamically during operation to achieve a desired Quality of Service (QoS)
based on any number of system and operational conditions. The active-to-
standby timer value triver can vary between mobile terminals 12 as well as for
any given mobile terminal 12 over time. The active-to-standby timer value
trver Can be a function of any number of variables affecting QoS, such as the
requisite QoS associated with data or applications, the QoS associated with
the mobile términal 12 or user thereof, the number of active mobile terminals
12, the communication load, or any combination thereof. Those skilled in the
art will recognize additional QoS parameters.

[0031] QoS is typically degraded when communication resources are in
short supply, when there are too many active mobile terminals 12 for the base
station 10 to service, or a combination thereof. Further, QoS is relative
because different users of mobile terminals 12 may require different QoS
levels. Accordingly, when data traffic is low and the number of active mobile
terminals is well within the base station’s capacity, QoS concerns are at a
minimum and the active-to-standby timer value triver can be relatively

constant for each mobile terminal 12. Preferably, the relatively constant
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active-to-standby timer values trver are different among different groups of
users based on QoS requirements.

[0032] When overall data traffic is relatively low, but the number of active
mobile terminals 12 is too high, QoS can be compromised. In response to
such a condition, the present invention can reduce the active-to-standby timer
values trver for the active mobile terminals 12. Preferably, the active-to-
standby timer values tyver for mobile terminals 12 associated with a lower
QoS are reduced relatively more than for those associated with a higher QoS.
Further, the active-to-standby timer values ttjygr Mmay be continuously or
periodically reduced even further as the overload conditions increase or
remain.

[0033] Reference is directed to Figure 4A, wherein a fixed active-to-
standby timer values trver remain intact regardless of conditions and Figure
4B, wherein the active-to-standby timer values trjver are variable as QoS
conditions degrade or after an overload condition occurs. In Figure 4B,
different users have different QoS requirements and different default active-to-
standby timer values triver.  As illustrated, the rates of decrease for the
active-to-standby timer values trver for the different groups differ. As such,
the active-to-standby timer values triver for the higher QoS users start at a
higher value and decrease less than those for the lower QoS users.

[0034] In addition to reducing the active-to-standby timer values trver
during lower traffic conditions when the number of active mobile terminals 12
is too high, other measures may be taken to reduce the number of active
mobile terminals 12. First, the base station 10 may instruct active mobile
terminals 12 to which there is no data available to transmit to transition into a
standby mode. Since data is normally buffered in a queue of buffer 30 prior to
transmission, the base station 10 may identify active mobile terminals 12 that
are associated with an empty queue and instruct them to enter a standby
mode. Again, mobile terminals 12 associated with a lower QoS may be
instructed to enter a standby mode faster than those associated with a higher
QoS. Second, the base station 10 can block transitions to an active mode for
mobile terminals 12 in a standby mode. Such blocking may be more stringent
and remain in effect longer for mobile terminals 12 associated with a lower
QoS.
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[0035] Another condition impacting QoS occurs when the number of active
mobile terminals 12 is within the base station’s capability, yet the amount of
traffic is overloading the system. In this situation, the active-to-standby timer
values trver are reduced, wherein the active-to-standby timer values triver
associated with mobile terminals 12 requiring a lower QoS are reduced faster
and proportionally more than those associated with a higher QoS. Further,
the base station 10 can block standby-to-active transitions, preferably in a
manner prioritizing mobile terminals 12 having higher QoS requirements.
Thus, active mobile terminals 12 associated with a higher QoS will benefit
from the earlier blocking of transitions to an active mode for mobile terminals
12 associated with a lower QoS. When there are too many users and too
much traffic, the above steps are beneficial in resolving the condition as well
as prioritizing users with higher QoS requirements over those with lower QoS
reqﬁirements.

[0036] As indicated, the active-to-standby timer values triver can have
different initial values based on QoS requirements and may be decreased at
different rates. The timing and rate of decrease may be based on the amount
of time an overload condition remains, the extent of the overload condition,
the type of overload condition, or a combination thereof. Preferably, the initial
active-to-standby timer values triver remain constant until a predefined
threshold time or overload condition is reached. At the threshold, the active-
to-standby timer values trver may be continuously or periodically decreased
until the condition subsides. Further, the base station 10 may continually
adjust the active-to-standby timer values trver by increasing or decreasing
values in a dynamic fashion based on conditions and/or the number of active
mobile terminals 12. Alternatively, the base station 10 may simply return to
the initial active-to-standby timer values triver once the condition passes. The
modification of the active-to-standby timer values triyer may be supplemented
by any number of measures, such as blocking active transitions, transitioning
active mobile terminals that are not actively communicating, and the like.
Preferably, each of these supplemental measures is applied in proportion to
QoS requirements.

[0037] Those skilled in the art will recognize improvements and

modifications to the preferred embodiments of the present invention. All such
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improvements and modifications are considered within the scope of the
concepts disclosed herein and the claims that follow. Further, the access
points or mobile terminals 12 may take many forms, including telephones,
personal digital assistants, computers, and the like.
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Claims
What is claimed is:
1. A method for controlling active-to-standby transitions for mobile

terminals in a wireless communication environment, the method

comprising:

a) monitoring at least one Quality of Service (QoS) parameter
bearing on QoS;

b) determining a first value for an active-to-standby transition timer
for a first mobile terminal based on the at least one QoS
parameter,

c) setting the active-to-standby transition timer for the first mobile
terminal with the first value at the end of a data communication
session with the first mobile terminal; and

d) instructing the first mobile terminal to transition from an active
mode to a standby mode if another communication session is not
necessary prior to expiration of the active-to-standby transition
timer for the first mobile terminal, the first value for the active-to-
standby transition timer for the first mobile terminal being variable

based on the at least one QoS parameter.

2. The method of claim 1 wherein the first value decreases as the at least

one QoS parameter changes in a manner adversely affecting QoS.

3. The method of claim 2 wherein the first value has an initial value and is
decreased after the at least one QoS parameter passes a predefined
threshold.

4, The method of claim 1 wherein the at least one QoS parameter
consists of a number of active mobile terminals, an amount of
communication traffic, system overload, time after system overload,

and a combination thereof.

5. The method of claim 1 further comprising:
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a) determining a second value for an active-to-standby transition
timer for a second mobile terminal based on the at least one
Quality of Service (QoS) parameter;

b) setting the active-to-standby transition timer for the second mobile
terminal with the second value at the end of a data communication
session with the second mobile terminal; and

c¢) instructing the second mobile terminal to transition from an active
mode to a standby mode if another communication session is not
necessary prior to expiration of the active-to-standby transition
timer for the second mobile terminal, the second value for the
active-to-standby transition timer for the second mobile terminal

being variable based on the at least one QoS parameter.

The method of claim 5 wherein the first and second values decrease as
the at least one QoS parameter changes in a manner adversely

affecting QoS.

The method of claim 6 wherein the first value decreases at a lower rate
than the second value as the at least one QoS parameter changes in a

manner adversely affecting QoS.

The method of claim 7 wherein the first value has a higher initial value

than the second value.

The method of claim 8 wherein the initial values for the first and second
values decrease after the at least one QoS parameter passes the
predefined threshold.

The method of claim 5 wherein the first mobile terminal is associated
with a first QoS level and the second mobile terminal is associated with

a second QoS level.

The method of claim 10 wherein the first value is applied to active-to-

standby transition timers for a plurality of mobile terminals and the
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15.

16.

14
second value is applied to active-to-standby transition timers for a

plurality of mobile terminals.

The method of claim 5 further comprising blocking standby-to-active
transitions for mobile terminals in the standby mode based on the at

least one QoS parameter.

The method of claim 5 further comprising instructing active mobile
terminals to transition to the standby mode based on the at least one
QoS parameter when no data needs to be communicated in

association with the active mobile terminals.

A method comprising:

a) monitoring at least one Quality of Service (QoS) parameter
bearing on QoS;

b) determining a first value for active-to-standby transition timers for
active mobile terminals associated with a first QoS level and a
second value for active-to-standby transition timers for active
mobile terminals associated with a second QoS level, the first and
second values based on the at least one QoS parameter;

c) setting the active-to-standby transition timers for the mobile
terminals with the corresponding first or second values at the end
of a data communication sessions; and

d) instructing each mobile terminal to transition from an active mode
to a standby mode if another communication session is not
necessary prior to expiration of the corresponding active-to-

standby transition timer.

The method of claim 14 wherein the first value decreases at a lower
rate than the second value as the at least one QoS parameter changes

in a manner adversely affecting QoS.

The method of claim 15 wherein the first value has a higher initial value

than the second value.
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17.  An access point comprising:
a) a wireless communication interface adapted to facilitate wireless
communications with mobile terminals; and
b) a control system associated with the wireless communication
interface and adapted to:

i)  monitor at least one Quality of Service (QoS) parameter
bearing on QoS;

i) determine a first value for an active-to-standby transition
timer for a first mobile terminal based on the at least one
QoS parameter;

i) set the active-to-standby transition timer for a first mobile
terminal with the first value at the end of a data
communication session with the first mobile terminal; and

iv) instruct the first mobile terminal to transition from an active
mode to a standby mode if another communication session
is not necessary prior to expiration of the active-to-standby
transition timer for the first mobile terminal, the first value for
the active-to-standby transition timer for the first mobile
terminal being variable based on the at least one QoS

parameter.

18.  The access point of claim 17 wherein the first value decreases as the
at least one QoS parameter changes in a manner adversely affecting
QoS.

19.  The access point of claim 18 wherein the first value has an initial value
and is decreased after the at least one QoS parameter passes a
predefined threshold.

20.  The access point of claim 17 wherein the at least one QoS parameter
consists of a number of active mobile terminals, an amount of
communication traffic, system overload, time after system overload,

and a combination thereof.
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The access point of claim 17 wherein the control system is further

adapted to:

a) determine a second value for an active-to-standby transition timer
for a second mobile terminal based on the at least one QoS
parameter;

b) set the active-to-standby transition timer for the second mobile
terminal with the second value at the end of a data communication
session with the second mobile terminal; and

c) instruct the second mobile terminal to transition from an active
mode to a standby mode if another communication session is not
necessary prior to expiration of the active-to-standby transition
timer for the second mobile terminal, the second value for the
active-to-standby transition timer for the mobile terminal being

variable based on the at least one QoS parameter.

The access point of claim 21 wherein the first and second values
decrease as the at least one QoS parameter changes in a manner

adversely affecting QoS.

The access point of claim 22 wherein the first value decreases at a
lower rate than the second value as the at least one QoS parameter

changes in a manner adversely affecting QoS.

The access point of claim 23 wherein the first value has a higher initial

value than the second value.

The access point of claim 24 wherein the initial values for the first and
second values decrease after the at least one QoS parameter passes a
predefined threshold.

The access point of claim 21 wherein the first mobile terminal is
associated with a first QoS level and the second mobile terminal is

associated with a second QoS level.
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27.

28.

29.

17

The access point of claim 26 wherein the first value is applied to active-
to-standby transition timers for a plurality of mobile terminals and the
second value is applied to active-to-standby transition timers for a

plurality of mobile terminals.

The access point of claim 21 wherein the control system is further
adapted to block standby-to-active transitions for mobile terminals in

the standby mode based on the at least one QoS parameter.

The access point of claim 21 wherein the control system is further
adapted to instruct active mobile terminals to transition to the standby
mode based on the at least one QoS parameter when no data needs to

be communicated in association with the active mobile terminal.
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