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(57) Abstract: A method of allocating wireless data delivery
services to users allows management of mobile data channel
peak loading. A per-user metering structure for wireless
broadband data services includes a target data throughput al-
lowance provided to the network user for a relatively short
time period known as a metering period, where a plurality of
metering periods are contained in a billing period. Use of the
method disclosed herein constrains the most load-impactive
users, such as users streaming high-resolution videos, during
periods of data channel congestion compared to typical users,
such as users browsing the Internet.
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PEAK LOAD MANAGEMENT OF A WIRELESS DATA CHANNEL

TECHNICAL FIELD

[0001] The present disclosure relates generally to wireless technologies and more

specifically to peak load management of wireless data channels.

BACKGROUND

[0002] Unless otherwise indicated herein, the approaches described in this section
are not prior art to the claims in this application and are not admitted to be prior art

by inclusion in this section.

[0003] The use of mobile computing devices such as laptops, notebook computers,
personal digital assistants (PDAs) and “smart” cellular telephones to access the
Internet is becoming increasingly popular. These mobile computing devices enable
users to maintain connectivity to the Internet via a wireless connection, even when
moving from one location to another. Mobile computing devices have been used for
“bursty” applications such as web browsing, which may benefit from high data
throughput speed, but generally consume only low to modest data throughput when
averaged over the time that they are in use. With the introduction of wireless
broadband data services to such devices, much more data-intensive applications
are now available to the mobile computing device user, including viewing high-
resolution video, downloading very large music or video files, and the like. These
data-intensive applications are characterized by requiring moderate to high data-
transfer speed for extended periods of time.

SUMMARY

[0004] In accordance with one embodiment of the disclosure, a method for a
wireless network base station to manage mobile data channel peak loading
comprises receiving a request for a session for a user and performing short-term
period metering for the user during the session. The session comprises, in addition
to normal network session functionality, setting a timer for a metering period, the
metering period being shorter than a billing period for the user, setting a data

counter for the user, and, when the data counter is greater than a throughput
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threshold, pausing or lowering a priority of data transfer between the wireless

network base station and the user.

[0005] In accordance with another embodiment of the disclosure, a method for
distributing use of a wireless data channel between a first user and a second user
comprises retrieving a first metering period duration and a first data transfer
allowance associated with the first user and a second metering period duration and
a second data transfer allowance associated with the second user, in a first metering
period, transferring data between the first user and a base station of a wireless
communication network via the wireless data channel at a first average data transfer
speed, and in a second metering period that overlaps with the first metering period,
transferring data between the second user and the base station via the wireless data
channel at a second average data transfer speed that is different from the first
average data transfer speed. The first average data transfer speed is determined by
the first metering period duration and the first data transfer allowance. The second
average data transfer speed is determined by the second metering period duration
and the second data transfer allowance. The first metering period is one of a
plurality of metering periods in a first billing period for the first user, and the second
metering period is one of a plurality of metering periods in a second billing period for

the second user.

[0006] The foregoing summary is illustrative only and is not intended to be in any
way limiting. In addition to the illustrative aspects, embodiments, and features
described above, further aspects, embodiments, and features will become apparent

by reference to the drawings and the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic block diagram of an illustrative embodiment of an
exemplary wireless data network base station that may perform embodiments of the

disclosure as well as related network elements;

FIG. 2 sets forth a flow chart summarizing a method of short-term metering,

according to an exemplary embodiment of the disclosure;
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FIG. 3 shows a temporal diagram that further describes usage of a shared
channel when an embodiment of the method illustrated in FIG. 2 is applied to three
different users of a broadband wireless data network, according to embodiments of
the disclosure;

FIG. 4 sets forth a flow chart summarizing a method for a wireless network
base station to manage mobile data channel peak loading, according to an

exemplary embodiment of the disclosure.

DETAILED DESCRIPTION

[0007] In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof. In the drawings, similar symbols typically
identify similar components, unless context dictates otherwise. The illustrative
embodiments described in the detailed description, drawings, and claims are not
meant to be limiting. Other embodiments may be utilized, and other changes may
be made, without departing from the spirit or scope of the subject matter presented
here. It will be readily understood that the aspects of the disclosure, as generally
described herein, and illustrated in the Figures, can be arranged, substituted,
combined, and designed in a wide variety of different configurations, all of which are
explicitly contemplated and make part of this disclosure.

[0008] Widespread use of wireless broadband data services for data-intensive
applications, such as streaming high-resolution videos, causes significant quality-of-
service (QoS) degradation for all users of a wireless data network, even though such
applications may be used by a very small percentage of the total number of users
being serviced by the network. This is because wireless data networks, unlike most
wire- or fiber optic-borne networks, use a physical channel of limited capacity that is
shared by a number of users at the same time. Specifically, this is the radio channel
that carries data traffic between a wireless network base station and the various
user devices being served by the base station, and is generally the network element
having the most limited capacity. Unlike, for example, fiber optic cables, which can

be sized as required to provide essentially unlimited communications capacity, the
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practical information carrying capacity of a finite amount of spectrum is very much

limited.

[0009] Without some type of control, a user of a single data-intensive application,
herein referred to as an “alpha user,” may consume a portion of available data-
delivery capacity that is ten or even a hundred times the portion consumed by a user
of a more traditional, or bursty, application, hereinafter referred to as a “beta user.”
An alpha user is interacting with the Internet in a way that requires continuous
transfer of large quantities of data, such as streaming video, and even a short
interruption or slowing of data transfer is perceived by the user and impacts QoS for
that user. In contrast, good QoS for a beta user, which is generally the most
common user type, requires high data throughput speeds, but only intermittently;
when averaged over the time that the beta user is engaged in a data
communications “session”, data throughput required by a beta user is generally
quite low. Typically, alpha users are a small fraction of active users on a data
network, but the growing popularity of data-intensive applications has caused high
levels of traffic congestion on wireless data network channels during periods of peak
usage, resulting in degraded QoS for all users of the affected network. This is due
to the high data throughput requirements of alpha users and the fact that the data
traffic capacity of a given wireless data network sector, in terms of data throughput
within a specific time period, is a limited resource that must be shared by all users
being served in that sector within the specific time period.

[0010] To date, wireless broadband data services are commonly marketed to
consumers on the basis of unlimited data transfer service during a given billing
period for a fixed charge, where the billing period is typically a month, a day, or in
some cases a number of hours. Such an approach has the significant disadvantage
of effectively encouraging alpha users, even though only a small number of such
users can result in degraded QoS for all network users. Alternatively, a limit on the
amount of data downloaded by an individual consumer may be introduced by
wireless broadband service providers to discourage the use of “bandwidth hog”
applications. In such an approach, a data allowance is assigned to an individual

consumer for a specific billing period, such as a day, a week or, more typically, a
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month. Once this data allowance has been exceeded, further use of the wireless
network for Internet access is either curtailed, stopped completely, or billed at a
substantially higher rate for the remainder of the billing period. However, the impact
of alpha users on QoS is not caused by cumulative channel loading over a day,
week, or month, but rather by the overloading of an individual base station over
much shorter periods, i.e., on the order of seconds or minutes. And because
downloading of a single video may only consume a small portion of a user data
allowance for the billing period, the use of a fixed data allowance for a given billing
period does not significantly discourage alpha users from placing high demands on
the wireless network during peak usage hours. In addition, fixed data allowance
schemes have the added disadvantage of limiting use of the wireless network by
individual consumers who have exceeded their data allowance even at times when

surplus network capacity is available.

[0011] Embodiments disclosed herein contemplate methods, hereinafter referred to
as “short-term metering,” for allocating wireless data delivery services to users that
allow management of mobile data channel peak loading. Short-term metering is a
per-user metering structure for wireless broadband data services that includes a
target data throughput allowance provided to the network user for a relatively short
time period known as a “metering period.” The metering period may be smaller, by
at least a factor a 100, than a billing period for the users. Through short-term
metering, the effective utilization of available channel resources for a wireless
broadband data network is maximized while maintaining acceptable QoS for the vast
majority of users of the network. An additional benefit of short-term metering, as
described herein, is that the most load-impactive users, i.e., alpha users, are
constrained during periods of channel congestion, while allowing their unfettered
operation when adequate channel capacity is available.

[0012] The term “user” and references to a user as a person are used throughout
descriptions of different embodiments, and are applied as substitutions for
references to user terminal devices or other applicable user equipment. Such
substitutions, which are performed for the sake of narrative simplicity, will be readily

understood to one knowledgeable in the art.
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[0013] FIG. 1 shows a schematic block diagram of an illustrative embodiment of an
exemplary wireless data network base station 100 that may perform embodiments of
the disclosure as well as related network elements. Base station 100 is configured
for downlink data transmitted to user devices and uplink data received from user
devices, but for clarity, the architectural elements of base station 100 associated
strictly with uplink data handling are not shown, and the functionality of base station
100 is described in terms of downlink data handling only. Base station 100 includes
a base station router 140, a transmit buffer 150, a channel scheduler 160, and a
base station transmitter 170, and is connected by a data communications backhaul
link 120 to an Internet protocol (IP) core network 110.

[0014] Backhaul link 120 carries traffic data which is to be transmitted to, and
received from, locations within the public Internet (not shown). The Internet
connects to IP core network 110 through one or more suitable gateways. Backhaul
link 120 also carries control data of various types, including information regarding
specific user devices operating on the network, which is housed in a user database
130. In addition, according to embodiments of the disclosure, data regarding
specific users that relates to the operation of short-term metering, for example the
user’s per-period target throughput allowance, may be stored in the user database.

[0015] Base station router 140 is the connection point for backhaul link 120. Base
station router 140 connects to backhaul link 120 and communicates downlink traffic
data 151 to transmit buffer 150. Base station router 140 also communicates control
data 171 to and from channel scheduler 160. The function of channel scheduler 160
is to organize the frame-by-frame transmission of data by base station transmitter
170 via antenna 180. It is noted that base station may be “sectorized” so that it
employs multiple transmitters and antenna systems, but for clarity only a single base
station transmitter and a single antenna 180 is shown. The temporal granularity
associated with scheduling by channel scheduler 160 may range from tens of
microseconds to a few milliseconds, and is accordingly very fine compared to the
metering periods of the present disclosure.

[0016] Channel scheduler 160 is also responsible for managing the data-carrying

resources of the channel. Depending upon the characteristics of the channel,
6
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channel scheduler 160 may allocate such data-carrying resources to currently active
users by a combination of time, spreading codes, and/or frequency. In some
embodiments, channel scheduler 160 or a comparable entity performs some or all
functions associated with short-term metering. Thus, different embodiments of
short-term metering, as described herein, may be implemented in existing networks
and their base stations with only a functional change in operation, primarily in the
form of software changes for channel scheduler 160. Required enhancements to
user database 130, in order to accommodate user-specific information related to
embodiments of the disclosure, can be easy to implement since wireless data
networks are typically designed in anticipation that enhancements requiring

additional user-specific information will be introduced on an ongoing basis.

[0017] FIG. 2 sets forth a flow chart summarizing a method 200 of short-term
metering, according to an exemplary embodiment of the disclosure. By way of
illustration, method 200 is described in terms of a wireless data network base station
substantially similar in organization and operation to wireless data network base
station 100 in Figure 1. However, other wireless data network base stations may
also benefit from the use of method 200. Although the method steps are described
in conjunction with Figure 1, persons skilled in the art will understand that any
system configured to perform the method steps falls within the scope of the present
disclosure. This is because any combination of hardware, software, and processing
that administers short term metering may reside outside of base station 100.
Furthermore, at any given instant, a use may be served by two different base
stations, each of which might have to participate in administration of short term
metering. It will be appreciated that method 200 can be applied to both downlink
(forward) and uplink (reverse) channels in wireless data networks, but for simplicity
and clarity the following description of Figure 2 will be limited to consideration of the

downlink (base station transmit/user device receive) channel.

[0018] In operation 210, base station 100 receives a request for a session. The
precise nature of the session request process will vary depending upon
standardized protocols for the particular network in use, and any variations thereof

should be considered within the scope of the disclosure.

7
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[0019] In operation 220, base station 100 obtains required user information from one
or more network user databases, such as user database 130. User information may
include the per-period target throughput allowance for the user (throughput
threshold), referred to in Figure 2 as “data limit.” In some embodiments, the
metering period may not have the same duration for all users and/or may not be
fixed with the same duration at all times. In such embodiments, user information

may also include the appropriate metering period associated with the user.

[0020] In operation 230, channel scheduler 160 sets a metering period timer to the

designated metering period and zeros a data counter for the user.

[0021] In operation 240, channel scheduler 160 determines whether there is any
data pending transmission to the user. If no data is pending transmission to the
user, the data handling process is bypassed and method 200 skips to operation 280.
If data is pending transmission to the user, method 200 proceeds to operation 250.

[0022] In operation 250, channel scheduler 160 considers the user data count to

determine if the target throughput allowance, i.e., the data limit, has been reached or
exceeded during the current metering period. If the target throughput allowance has
not been exceeded, method 200 proceeds to operation 260. If the target throughput
allowance (the data limit) has been reached, method 200 proceeds to operation 293.

[0023] In operation 260, channel scheduler 160 schedules traffic data packets to be

transmitted to the user with high priority.

[0024] In operation 270, channel scheduler 160 increments the data count for the
user for the current metering period by the number of bytes scheduled for
transmission to the user. It is noted that the “scheduling” performed by channel
scheduler 160 refers to coordination of transmission of data packets to multiple
simultaneous users, and deals in time periods that are extremely small relative to

the short-term metering period. Method 200 then proceeds to operation 280.

[0025] In operation 293, which is performed whenever, in a given metering period,
the user's target throughput allowance has been reached or exceeded in operation
250, channel scheduler 160 determines if there is currently any excess channel

8
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capacity, over and above what is required to transmit packets designated with high
priority. If there is excess channel capacity, method 200 proceeds to operation 295.
If not, method 200 proceeds to operation 280.

[0026] In operation 295, which is performed after operation 293 whenever there is
excess channel capacity, channel scheduler 160 schedules packets for transmission
to the user with low priority. Operation 295 is performed even though the target
throughput allowance has been reached for the user for the current metering period.
This feature allows exploitation of otherwise unused channel capacity to enhance
QoS for users of high bandwidth applications. In some embodiments, for example
due to various commercial reasons, channel scheduler 160 may not perform
operation 295 with excess data transmissions capacity. Method 200 then proceeds

to operation 280.

[0027] In operation 280, base station 100 checks for a request to terminate the
current session with the user. If base station 100 detects such a request, the data
handling process is abandoned, method 200 proceeds to operation 299, and the
session is ended. If channel scheduler 160 does not detect such a request, the

session continues, and method 200 proceeds to operation 290.

[0028] In operation 290, channel scheduler 160 considers the metering period timer.
If the timer has not yet expired, processing returns to operation 240 to determine if
there is any data pending for transmission within the current metering period. If the
metering period timer has expired, which indicates the end of the current metering
period, processing returns to operation 230, in which channel scheduler 160 resets
the metering period timer to the designated metering period, and zeros the data

counter for the user, to start a new metering period.

[0029] FIG. 3 shows a temporal diagram 300 that further illustrates usage of a
shared channel when an embodiment of method 200 is applied to three different
simultaneous users of a broadband wireless data network channel (i.e. operating on
the same channel in the same sector), according to embodiments of the disclosure.
Temporal illustration 300 includes an occupancy timeline 301 for a first user of a
data channel in the wireless data network, an occupancy timeline 302 for a second

9
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user of the same data channel in the wireless data network, and an occupancy
timeline 303 for a third user of the same data channel in the wireless data network.
Occupancy timelines 301-303 each cover approximately 3.5 metering period
intervals 305 of data transport usage on the shared data channel during a time at
which short-term metering is used to determine the scheduling of traffic data packets
to each of the first, second, and third users. In addition, occupancy timelines 301-
303 each shows channel occupancy for data being sent to the first, second, and
third users, respectively.

[0030] First, second, and third users are simultaneous users of the data channel,
each engaged in a different type of application. The first user is engaged in typical
web browsing, and therefore is a beta user. Accordingly, occupancy timeline 301
shows occasional brief data transmissions 310 that occur intermittently throughout
occupancy timeline 301. The interval between such transmissions, which
corresponds to the time that the user is studying the web page most recently
downloaded, is variable but generally exceeds one metering period. Since even
large web page downloads are likely to be less than the per-metering period
allowance, e.g., on the order of hundred of Kbytes, each web page loads at
maximum possible speed, so that QoS from the perspective of the first user is

excellent.

[0031] The second user is engaged in another typical beta user application, in this
case downloading and looking at individual photos. Occupancy timeline 302 also
shows occasional data transmissions 311 with intervals between them
corresponding to the time the second user is looking at the most recently
downloaded photo. In this case, however, shortly after downloading a photo at time
330 and within the same metering period, the second user decides to download
another photo beginning at time 340. During the download of that photo, the second
user's target throughput allowance for the current metering period is exhausted at
time 345. Subsequently, and until the current metering period ends, further
downloading of the photo proceeds only when there is excess channel capacity
available. In the case illustrated, some additional data 350 is downloaded on this

basis. With the beginning of the next metering period, the remainder 351 of the

10



WO 2012/166083 PCT/US2011/038275

photo downloads at maximum available speed at time 360 because the data
allowance refreshes with the new metering period. In the case illustrated, QoS for
the second user is excellent as long as there is a modest interval between
downloads of individual photos. If the second user asks for photos in quick
succession, or for a sequential download of multiple photos, QoS may appear to be
slightly degraded. Typical users will likely identify this characteristic of short-term
metering after some experience and with suitable instruction from the network

operator, and will adjust usage slightly so as to be minimally impacted.

[0032] The third user is a typical alpha user, and is attempting to watch streaming
video. Accordingly, occupancy timeline 303 is very different from that of occupancy
timelines 301, 302. At the beginning of each metering period there is a rapid
succession of short bursts of video data 380 which end when the per-period target
throughput allowance is reached at time 385. Thereafter, in each metering period,
additional video data 390 is sent only when there is excess channel capacity
available. The third user receives video data 380 quickly at the beginning of each
metering period because until the target throughput allowance for the current
metering period is exceeded, the third user receives data at a high priority. The third
user receives additional video data 390 in intermittent bursts since the third user
receives data at a lower priority until the next metering period begins. During off-
peak periods it is likely that there will be sufficient excess capacity so that streaming
video can be watched with reasonable QoS. However, if the channel is being
heavily used, uninterrupted streaming video may not be available unless the user is

willing to tolerate an unusually long buffering period before the video begins to play.

[0033] It is noted that in FIG. 3, the metering period boundaries for the different
users are staggered in time. This is advantageous in that it serves to more evenly
distribute channel loading and thus reduces average channel scheduling latencies.
In addition, in the embodiment illustrated in FIG. 3, the duration of metering period
intervals 305 is the same for each of the first, second, and third users. In other
embodiments, the duration of metering period intervals 305 for each of the first,
second, and third users may be different. For example, a user may have the option

to shorten the duration of his or her associated metering period interval 305 by

11
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paying a premium to the operator of the wireless data network. Alternatively, the
operator of the wireless data network may change the duration of metering period
interval 305 for one or more users based on current channel loading, time of day,

current channel connection quality to a particular user, or other factors.

[0034] From the channel sharing characteristics illustrated in FIG. 3, it can be
appreciated that short-term metering prevents QoS for beta users from being
degraded by excessive channel congestion caused by a relatively small number of
alpha users. Instead, alpha users will generally suffer the most QoS degradation
when channel capacity is insufficient to support them and thus be discouraged
during peak loading of the network.

[0035] Another significant benefit of short-term metering is that it gives the operator
of a wireless data network more direct control of peak period channel loading. Even
with imposition of monthly data caps, a very small number of alpha users within the
same sector can have a profound impact on channel loading. Average per-user
throughput during peak loading can therefore be quite variable. Unfortunately, to
maintain high QoS, the network operator must provide capacity to accommodate this
variability, resulting in high capital expenditures without correspondingly high
revenues. With short-term metering, the network operator can effectively control the
maximum per-user throughput during peak loading periods, making it much easier to
control capacity requirements. It is noted that even using embodiments of short-
term metering control as described herein, control of QoS during peak loading
periods will be not completely predictable, since provided capacity will still be based
on statistical averaging of throughput demand for active users in a sector, and of the
fraction of users that happen to be active at any given time. To wit, if all of the users
in a sector were active at the same time and all wanted to obtain their full target
throughput allowance in every metering period, there is no practical way that the

serving sector could provide sufficient capacity to maintain reasonable QoS.

[0036] An important factor in the effectiveness of short-term metering is selection of
the metering period duration. This selection can be an optimal balance between
QoS as observed by the user (generally in the form of peak and average throughput

speeds), and management of peak channel loading. Specifically, metering period
12
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duration can be neither too long nor too short for the benefits as described herein to
take effect.

[0037] Extremely short metering period durations, e.g., on the order of seconds or
fractions of seconds, may be undesirable, since the effect from the user’s
perspective may be a reduction in peak throughput speed. When the metering
period duration is very small, all users will essentially have the same priority to data
channel capacity, which is effectively rate control. In other words, users will each
receive data proportional to what peak data rate he or she has purchased, and alpha
and beta users will therefore have the same data transfer priority at all times. This is
because essentially all downloads/uploads requested by a user will require multiple
metering periods to complete, even when the data transfer in question involves a
relatively small quantity of data. Thus, with very short metering period durations, all
users will essentially have the same data transfer priority, whether the user is an
alpha user or a beta user.

[0038] Longer metering period durations, e.g., on the order of several minutes or
longer, are also undesirable. Such longer duration metering periods can cause user
irritation and frustration as throughput may appear to slow dramatically each time
the target throughput allowance is exceeded in a metering period, e.g., whenever a
user attempts to download a file that is larger than the per-period target throughput
allowance. For example, a metering period having a duration of 10 minutes is
generally too long with respect to user perception, since during peak loading times,
a user could potentially have to wait most of the 10 minute metering period without
seeing any progress in the downloading of a single relatively large file that exceeded
the target per-metering period throughput allowance. With shorter metering periods
(and correspondingly smaller per-metering period target throughput allowance), a
very large file will not download any more quickly in such a situation, but the user will

see more continuous, albeit incremental, progress.

[0039] Given these boundaries in metering period duration, there is considerable
latitude in selection of metering periods which can be used by operators to optimize
the performance, user quality of experience (QoE), economy, and efficiency of their

networks. In some embodiments, an optimal metering period interval might be
13
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selected based on three factors A, B, and C, where A is the peak, (i.e., without
loading), per-user downlink throughput speed that can be reliably provided (i.e.
under radio channel quality conditions that are reliably available) by the network, B
is the largest file size that the user should reliably be able to download at peak
speed without interruption or speed reduction, and C is the minimum average
downlink throughput speed that the user should be able to reliably obtain for
downloading of files that are many times larger than largest file size B. In some
embodiments, the value of minimum average downlink throughput speed C may
form the primary differentiation between service level tiers. In other embodiments,
the value of the peak per-user downlink throughput speed A or the largest

“uninterrupted” file size B may instead be used to differentiate tiers of service.

[0040] In some embodiments, the value of the peak per-user downlink throughput
speed A will be lower than the maximum theoretical per-user speed that the network
can support, because the value of A should accommodate variability in channel
quality within a wireless network. The term “reliably” with respect to determining the
values of A, B and C should be interpreted by the operator based upon competitive
strategy and other factors. For example, an operator may calculate A as the peak
speed exceeded by 80% of the users in its network, whereas another operator may
calculate A as the speed exceeded by 85% of users. Then, for each class of user,
which may be defined by rate tier level, the operator may establish the values of B
and C, which may be based on competitive strategy, observed and surveyed user
preferences, and various other factors. Thus, both metering period duration and the
per-period target throughput allowance can be determined by the operator based on
the values selected for A, B, and C as described above.

[0041] Determining values for A, B, and C are described in terms of the downlink
channel, since the downlink channel is typically dominant in considerations of QoS
and loading. However, in some networks the uplink channel might be more critical,
and a corresponding selection strategy for the values of A, B, and C based on the

uplink channel may also be used in some embodiments.

[0042] While embodiments of short-term metering as described herein do not require

the imposition of monthly data caps for users in order to manage peak loading of the
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network in some embodiments, an operator may impose a monthly (or daily, weekly,
etc.) data cap in addition to a short-term metering scheme to discourage generally

excessive use by a small number of network users.

[0043] FIG. 4 sets forth a flow chart summarizing a method 400 for a wireless
network base station to manage mobile data channel peak loading, according to an
exemplary embodiment of the disclosure. It will be appreciated that method 400 can
be applied to both downlink (forward) and uplink (reverse) channels in wireless data
networks, but for simplicity and clarity, the following description of Figure 4 will be
limited to consideration of the downlink (base station transmit/user device receive)

channel.

[0044] In operation 401, during a peak usage period of the day, a base station in a

wireless data network receives a request for a session from a first user.

[0045] In operation 402, the channel scheduler or comparable entity in the base
station sets a timer for a metering period, the metering period being much shorter
than a billing period for the user. As described above, the metering period may be
based on a number of factors, e.g., the values of A, B, and C. In addition, the
duration of the metering period may be different for the same user depending on
certain factors, such as the current channel quality of a mobile data channel
between the user and the base station. It is noted that the duration of the metering
period is very much less than the duration of the billing period, the latter of which
may be on the order of an hour, a day, or a month. In some embodiments, the
duration of the metering period is on the order of about 1 minute, i.e., between about

10 seconds and about 5 minutes.
[0046] In operation 403, the channel scheduler sets a data counter for the user.

[0047] In operation 404, while the data counter is less than a throughput threshold
for the metering period, the channel scheduler performs a data transfer between the
user and the base station.

15
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[0048] In operation 405, the channel scheduler detects that the data counter is
greater than the throughput threshold, and pauses or lowers the priority of the data

transfer between the base station and the user.

[0049] In operation 406, the channel scheduler detects that the metering period has

expired.

[0050] In operation 407, the channel scheduler resets the timer and the data counter
and resumes or increases the priority of the data transfer, i.e., method 400 returns to
operation 402. Method 400 continues until the base station receives a request to

terminate the data transfer session.

[0051] In sum, embodiments of the disclosure provide a method of short-term
metering of wireless data delivery services to users of a wireless data network. One
advantage of the disclosure set forth herein is that users of data-intensive
applications, i.e., the so-called “alpha” users, are discouraged during peak load
times for the wireless network, while “beta” users are not. Consequently, peak
usage of the network is more closely tied to the number of users currently accessing
the network, and is less likely to be skewed by excessive use by a small number of
high-intensity users. Thus, a network operator can more effectively control the
maximum per-user throughput of the network during peak loading hours.
Furthermore, revenues associated with operation of wireless data networks are
typically more closely tied to number of users than to peak traffic levels, but network
capital investment is closely tied to required peak traffic capacity. Another
advantage of the disclosure set forth herein is thus a closer relationship between
required capital outlay for network deployment and revenues generated by network
operation.

[0052] The foregoing detailed description has set forth various embodiments of the
devices and/or processes via the use of block diagrams, flowcharts, and/or
examples. Insofar as such block diagrams, flowcharts, and/or examples contain one
or more functions and/or operations, it will be understood by those within the art that
each function and/or operation within such block diagrams, flowcharts, or examples

16
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can be implemented, individually and/or collectively, by a wide range of hardware,

software, firmware, or virtually any combination thereof.

[0053] The herein described subject matter sometimes illustrates different
components contained within, or connected with, different other components. Itis to
be understood that such depicted architectures are merely exemplary, and that in
fact many other architectures can be implemented which achieve the same
functionality. In a conceptual sense, any arrangement of components to achieve the
same functionality is effectively "associated" such that the desired functionality is
achieved. Hence, any two components herein combined to achieve a particular
functionality can be seen as "associated with" each other such that the desired
functionality is achieved, irrespective of architectures or intermedial components.
Likewise, any two components so associated can also be viewed as being "operably
connected", or "operably coupled", to each other to achieve the desired functionality,
and any two components capable of being so associated can also be viewed as
being "operably couplable”, to each other to achieve the desired functionality.
Specific examples of operably couplable include but are not limited to physically
mateable and/or physically interacting components.

[0054] With respect to the use of substantially any plural and/or singular terms
herein, those having skill in the art can translate from the plural to the singular
and/or from the singular to the plural as is appropriate to the context and/or
application. The various singular/plural permutations may be expressly set forth
herein for sake of clarity.

[0055] It will be understood by those within the art that, in general, terms used herein,
and especially in the appended claims (e.g., bodies of the appended claims) are
generally intended as "open" terms (e.g., the term "including" should be interpreted
as "including but not limited to," the term "having" should be interpreted as "having

at least," the term "includes" should be interpreted as "includes but is not limited to,"
etc.). It will be further understood by those within the art that if a specific number of
an introduced claim recitation is intended, such an intent will be explicitly recited in
the claim, and in the absence of such recitation no such intent is present. For

example, as an aid to understanding, the following appended claims may contain
17
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usage of the introductory phrases "at least one" and "one or more" to introduce

claim recitations. However, the use of such phrases should not be construed to

imply that the introduction of a claim recitation by the indefinite articles "a" or "an"
limits any particular claim containing such introduced claim recitation to inventions
containing only one such recitation, even when the same claim includes the
introductory phrases "one or more" or "at least one" and indefinite articles such as
"a" or "an" (e.g., "a" and/or "an" should typically be interpreted to mean "at least one"
or "one or more"); the same holds true for the use of definite articles used to
introduce claim recitations. In addition, even if a specific number of an introduced
claim recitation is explicitly recited, those skilled in the art will recognize that such
recitation should typically be interpreted to mean at least the recited number (e.g.,
the bare recitation of "two recitations," without other modifiers, typically means at
least two recitations, or two or more recitations). Furthermore, in those instances
where a convention analogous to "at least one of X, Y, and Z, etc." is used, in
general such a construction is intended in the sense one having skill in the art would
understand the convention (e.g., "a system having at least one of X, Y, and Z" would
include but not be limited to systems that have X alone, Y alone, Z alone, Xand Y
together, X and Z together, Y and Z together, and/or X, Y, and Z together, etc.). In
those instances where a convention™ analogous to "at least one of X, Y, or Z, etc." is
used, in general such a construction is intended in the sense one having skill in the
art would understand the convention (e.g., "a system having at least one of X, Y, or
Z" would include but not be limited to systems that have Xalone, Y alone, Z alone, X
and Y together, X and Z together, Y and Z together, and/or X, Y, and Z together,
etc.). It will be further understood by those within the art that virtually any disjunctive
word and/or phrase presenting two or more alternative terms, whether in the
description, claims, or drawings, should be understood to contemplate the
possibilities of including one of the terms, either of the terms, or both terms. For
example, the phrase " or Y" will be understood to include the possibilities of " or "Y"
or"andY."

[0056] While various aspects and embodiments have been disclosed herein, other
aspects and embodiments will be apparent to those skilled in the art. The various

aspects and embodiments disclosed herein are for purposes of illustration and are
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not intended to be limiting, with the true scope and spirit being indicated by the

following claims.
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| Claim:

1. A method for a wireless network to manage mobile data channel peak loading,
the method comprising:
performing short-term period metering of data transfer associated with a first
user, comprising:
setting a timer for a metering period, the metering period being shorter
than a billing period for the first user;
setting a data counter for the first user; and
when the data counter is greater than a throughput threshold, pausing
or lowering a priority of the data transfer associated with the first

user.

2. The method of claim 1, wherein the metering period is smaller, by at least a
factor of 100, than the billing period.

3. The method of claim 1, wherein the metering period is on the order of about one

minute.

4. The method of claim 1, wherein lowering the priority of the data transfer
associated with the first user comprises performing the data transfer between the
first user and a base station only when unused mobile data channel capacity is
available.

5. The method of claim 1, wherein performing short-term period metering further
comprises, while the data counter is less than a throughput threshold for the
metering period, performing the data transfer between the first user and a base
station.

6. The method of claim 1, further comprising selecting the throughput threshold, the
metering period, or a combination of both, based on one of a billing rate associated
with the first user, a current channel quality of a mobile data channel between the

first user and a base station, or a combination of both.
20
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7. The method of claim 1, further comprising performing a data transfer between a
second user and a base station in another metering period associated with the
second user that overlaps with the metering period of the first user and has a
beginning point that is offset in time from a beginning point of the metering period of
the first user.

8. The method of claim 1, wherein performing short-term period metering further
comprises, when the metering period expires:
resetting the timer and the data counter; and

resuming or increasing the priority of the data transfer.

9. The method of claim 1, wherein the billing period is at least about one hour.

10. The method of claim 1, further comprising, after a predetermined quantity of
data has been transferred between the first user and a base station during the billing
period, pausing or lowering a priority of data transfer with the first user for the
remainder of the billing period.

11. The method of claim 1, further comprising incrementing the data counter to
reflect data transfer associated with the first user.

12. The method of claim 1, wherein performing short-term period metering occurs
during one or more periods of the day or during the entire day.

13. A method for distributing use of a wireless data channel between a first user
and a second user, the method comprising:
retrieving a first metering period duration and a first data transfer allowance
associated with the first user and a second metering period duration
and a second data transfer allowance associated with the second user;
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in a first metering period, transferring data between the first user and a base
station of a wireless communication network via the wireless data
channel at a first data transfer priority; and
in a second metering period that overlaps with the first metering period,
transferring data between the second user and the base station via the
wireless data channel at a second data transfer priority that is different
from the first data transfer priority,
wherein the first data transfer priority is determined by the first metering
period duration and the first data transfer allowance,
wherein the second data transfer priority is determined by the second
metering period duration and the second data transfer allowance, and
wherein the first metering period is one of a plurality of metering periods in a
first billing period for the first user and the second metering period is
one of a plurality of metering periods in a second billing period for the
second user.
14. The method of claim 13, wherein the first metering period is smaller by by at
least a factor of 100 than the first billing period and the second metering period is

smaller by at least a factor of 100 than the second billing period.

15. The method of claim 13, further comprising, after a quantity of data is
transferred between the first user and the base station during the first metering
period equal to the data transfer allowance associated with the first user, pausing or
lowering a priority of data transfer between the first user and the base station for the

remainder of the first metering period.

16. The method of claim 15, wherein lowering a priority of data transfer between the
first user and the base station comprises transferring data between the first user and

the base station only when the wireless data channel has unused channel capacity.

17. The method of claim 13, wherein the first metering period duration is different

than the second metering period duration.
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18. The method of claim 13, further comprising selecting the first average data
transfer speed based on one of a billing rate associated with the first user, a current
channel quality of the wireless data channel between the first user and the base
station, or a combination of both.

19. The method of claim 18, further comprising selecting the second average data
transfer speed based on one of a billing rate associated with the second user, a
current channel quality of the wireless data channel between the second user and
the base station, or a combination of both.

20. The method of claim 13, wherein the first metering period duration is
substantially the same as the second metering period duration.

21. The method of claim 20, wherein first average data transfer speed is selected

by varying the first data transfer allowance.

22. The method of claim 20, wherein the first metering period has a beginning point
that is offset in time from a beginning point of the second metering period.
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