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(57) ABSTRACT

A power-saving data scheduling system for LTE and a
method thereof are provided. The power-saving data sched-
uling system includes a period decision module for selecting
acycle having a shortest delay time as a discontinuous recep-
tion (DRX) cycle for each of user from quality of service
(QoS) requirements related to network services and channel
conditions, and a start offset decision module for calculating
the number of users in each of periods of the DRX cycle. In
addition, a DRX-aware scheduling module is provided for
extending the on period by increasing priority of the user and
resetting an inactivity timer if a period required by the user’s
load is shorter than an off period. Optimal DRX parameters
and DRX-aware scheduling are used to resolve the existing
issues that the channel conditions, system load and QoS are
not taken into consideration when the DRX parameters are
determined. In addition, the DRX parameters of a user may be
changed dynamically without updating all other users’
parameters so as to avoid consuming unnecessary power.
Moreover, a power-saving data scheduling method for LTE is
also provided.
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POWER-SAVING DATA SCHEDULING
SYSTEM IN LTE AND METHOD THEREOF

BACKGROUND

[0001] 1. Field of the Invention

[0002] This disclosure relates to a power-saving technique
for a discontinuous reception mechanism in a wireless com-
munication system, and, more particularly, to a data schedul-
ing system and a method thereof that satisfy quality of service
(QoS) and minimize power consumption.

[0003] 2. Description of Related Art

[0004] Long term evolution (LTE) is becoming the most
promising communication technology, which has a high
transmission rate and high coverage, but consumes more
power. Moreover, LTE defines a discontinuous reception
(DRX) power-saving mechanism. The DRX power-saving
mechanism may turn off radio-frequency circuits periodi-
cally, in order to achieve the power-saving effect. However,
packets may not be received when turning off the radio-
frequency circuits, such that quality of service (QoS) will be
affected.

[0005] Since a wireless network has variable channel con-
ditions, different DRX parameters are required under differ-
ent channel conditions in order to achieve a high transmission
rate. However, the DRX parameters are determined without
considering the channel conditions of users. Therefore, it is
necessary to solve the channel adaptation problem by
dynamically adjusting DRX parameters. Additionally, traffic
and QoS of network services are not considered in the manner
of DRX parameters. For example, a single user may simulta-
neously request a plurality of network services. Each of net-
work services may have different traffic pattern and QoS
requirements. In order to satisfy QoS for all the network
services, it is necessary to acquire a set of optimal DRX
parameters for transmission of wireless networks.

[0006] Moreover, if on periods that radio-frequency cir-
cuits are turned on by users are not distributed evenly, the
users may turn on their radio-frequency circuits simulta-
neously and share the network resource, such that transmis-
sion or reception of data may not be completed and power
consumption may also be increased. Therefore, it is also
necessary to obtain a proper DRX start offset in order to
uniformly disperse the on durations of the network devices
and improve the transmission efficiency as well as the power
saving. Most commonly, the DRX start offset parameters of
all the users have to be re-determined while an additional user
requests for the network services. Such a mechanism cannot
change the DRX parameters only for the additional user, such
that the system load caused by signaling may be increased.
[0007] Further, DRX inactivity timer will be reset if a user
1s scheduled. With this feature, a user that will go for sleep at
the next subframe is scheduled to extend the inactivity timer
if the packets of the user are not transmitted completely.
However, frequently extending the on duration will signifi-
cantly increase power consumption especially in the case of
poor channel condition or high system load. The reason is that
the system may not have sufficient radio resources to allocate
1o the user in its extended on duration.

[0008] Therefore, for the sake of meeting the requirements
of the system load, it is necessary to provide a method for
acquiring the optimal DRX parameters for LTE so as to
satisfy QoS requirements and consume less power.

[0009] Accordingly, solutions to the problems described
above have been long sought, but prior developments have not
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taught or suggested any solutions and, thus, solutions to the
problems have long eluded those skilled in the art. Therefore,
there is a heretofore-unaddressed need to overcome defects
and shortcomings described above.

SUMMARY

[0010] In view of the above-mentioned problems of the
prior art, the objective of the disclosure is to obtain optimal
DRX parameters according to QoS requirements and current
channel conditions and to solve the channel adaptation prob-
lem by adjusting the parameters dynamically.

[0011] Another objective of the disclosure is to evenly dis-
tribute on periods of users such that the QoS requirements are
satisfied and power consumption is reduced. Moreover, it
may determine whether a on period should be extended
according to a system load.

[0012] In order to achieve the above and other objectives,
the disclosure provides a power-saving data scheduling sys-
tem for long term evolution (LTE), comprising a period deci-
sion module that selects the shortest delay time of each of
users from quality of service (QoS) requirenients related to
network services as a discontinuous reception (DRX) cycle,
acquires a current channel transmission rate according to
current channel conditions and obtains an on period of the
DRX cycle of each of the users through the current channel
transmission rate; and a start offset decision module that
calculates the number of the users in each of on periods of the
DRX cycles and determines the start offset of the DRX cycle
for new users that is used by a minimum number of the users.
[0013] Inan embodiment, the start offset decision module
may weight the number of users in each of on period of the
DRX cycle to generate a weighted value. The start offset
decision module finds the least common multiple cycle from
all DRX cycles which is divided into a plurality of segments
(i.e., the length of a segment is the same as the DRX cycle of
anew user), accumulates weighted values of the plurality of
the segments, and generates the accumulated weighted values
corresponding to the same offsets of the users in a segment.
Thus, it can determine the start offset of the DRX cycle for a
new user that is used by a minimum number of users.

[0014] In another embodiment, the power-saving data
scheduling system further comprises an DRX-aware sched-
uling module that is used for determining whether the user
can acquire wireless resources based on a system load to
extend the on period when the buffer of a user device has
packets to transmit and the on period is about to end In
addition, the DRX-aware scheduling module may extend the
on period by increasing priority of the users and resetting an
inactivity timer if the system load is less than the free resource
from the off period.

[0015] Thedisclosure further provides a power-saving data
scheduling method for LTE, comprising the steps of selecting
the shortest delay time of each of users from QoS require-
ments related to network services as a DRX cycle; acquiring
a current channel transmission rate according to current chan-
nel conditions, and obtaining an on period of the DRX cycle
of each of the users through the current channel transmission
rate; calculating the number of the users in each of the on
periods; and determining the start offset of the DRX cycle for
a new user that is used by a minimum number of the users.
[0016] In yet another embodiment, the power-saving data
scheduling method further comprises the step of determining
whether the user can acquire wireless resources based on a
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system load and extending the on period when a buffer of the
user’s device has some packets to transmit and the on period
will end soon.

[0017] The power-saving data scheduling system for LTE
and method of the disclosure may determine the DRX param-
eters dynamically based on the quality of service (QoS)
requirements and current channel conditions in order to sat-
1sfy the QoS requirements and to reduce power consumption.
The power-saving data scheduling system determines the on
duration as well as the DRX cycle. In addition, the power-
saving data scheduling system may select and determine a
start offset of the DRX cycle for a new user according to all
the DRX cycles used by the users in the system with a view to
evenly distributing each of the on periods. Moreover, the
power-saving data scheduling system of the disclosure may
determine whether an on period is extended to accommodate
more users in LTE. In other words, if necessary, an on period
may be extended and QoS may be satisfied based on the
scheduling mechanism.

BRIEF DESCRIPTION OF DRAWINGS

[0018] The disclosure can be more fully understood by
reading the following detailed description of the preferred
embodiments, with references made to the accompanying
drawings, wherein:

[0019] FIG.1isablock diagram illustrating a power-saving
data scheduling system for LTE according to an embodiment
of the disclosure;

[0020] FIG. 2 illustrates a series of DRX cycles with on
periods in the power-saving data scheduling system for LTE
according to an embodiment of the disclosure;

[0021] FIGS. 3A to 3D illustrate a series of DRX cycles
with on periods used by the number of users in the power-
saving data scheduling system for LTE according to an
embodiment of the disclosure;

[0022] FIG. 4 is a block diagram of a power-saving data
scheduling system for LTE according to another embodiment
of the disclosure;

[0023] FIG. 5 is a series of DRX cycles with on periods
illustrating the extension of an on period in the power-saving
data scheduling system for LTE according to another embodi-
ment of the disclosure; and

[0024] FIG. 6 is a flow chart of a power-saving data sched-
uling method for LTE according to the disclosure.

DETAILED DESCRIPTION

[0025] The following illustrative embodiments are
described in sufficient detail to enable those skilled in the art
1o make and use the disclosure. Those with ordinary skills in
the art can readily understand the other functions of the dis-
closure after reading the disclosure of this specification. The
disclosure can also be implemented with different embodi-
ments and examples. Various details described in this speci-
fication can be modified based on different viewpoints and
applications without departing from the scope of the disclo-
sure.

[0026] Referring to FIG. 1, a block diagram of a power-
saving data scheduling system 1 for UTE is illustrated accord-
ing to the disclosure. The power-saving data scheduling sys-
tem 1 determines optimal DRX parameters 300 for a DRX
cycle with a view to evenly distributing each of on periods of
acycletousers. As such, users are enabled to rapidly transmit
data by fully utilizing LTE bandwidth while radio frequency
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circuits (hereinafter referred to as “circuits”) are turned on
such that power consumption is reduced when unnecessary
circuits are turned off. The power-saving data scheduling
system 1 of the disclosure comprises a period decision mod-
ule 11 and a start offset decision module 12.

[0027] The period decision module 11 selects the shortest
delay time as a discontinuous reception (DRX) cycle of each
of users from QoS requirements 100 related to network ser-
vices, acquires a current channel transmission rate according
to current channel conditions 200, and obtains an on period of
the DRX cycle of each of users through the current channel
transmission rate. In other words, the DRX cycle of each of
the users is determined according to the QoS requirements
100 in network services due to different network services
requiring different QoS requirements. For example, with
respect to a telephone service, if an off period of the DRX
cycle is too long, the quality of the telephone service will be
reduced. That is, the off period of the DRX cycle is required
to be shorter to maintain better call quality. Similarly, an off
period of the DRX cycle may be shorter while videos are
transmitted. On the contrary, an off period of the DRX cycle
may belonger if a file is transmitted via File Transfer Protocol
(FTP).

[0028] Concerning QoS required by each of users, the
period decision module 11 selects the shortest delay time as a
DRX cycle of each of the users. That is,a DRX cycle with the
length as the shortest delay time among all users can be used
to satisfy all QoS requirements for users.

[0029] The period decision module 11 further acquires a
current channel transmission rate according to the current
channel conditions 200, and obtains an on period of the DRX
cycle of each of users through the current channel transmis-
sion rate. In other words, based on the current channel con-
ditions 200, the period decision module 11 acquires a current
channel transmission rate so as to define a period that a
radio-frequency circuit is activated. During the on period, the
users can finish their transmissions as soon as possible and go
for turning off the radio-frequency circuit in order to save
powetr.

[0030] An on period of the DRX cycle is defined according
to the current channel conditions 200. As shown in FIG. 2, a
DRX cycle includes one on period and one off period. Once
an on period is defined, a radio frequency circuit in a user’s
device may be activated in the on period if required.

[0031] A ratio of the on period and the DRX cycle is equal
to a ratio of a sum of transmission rates required by all the
network services and the current channel transmission rate. In
other words, the ratio between the on period and the DRX
cyclecanbe obtained by calculating the ratio of the sum of the
transmission rates required by all the network services and the
current channel transmission rate. Therefore, the on period is
determined based on the current channel conditions (i.e., the
transmission speed), as described previously.

[0032] After the DRX cycle is defined based on QoS
requirements 100 and the current channel conditions 200 of a
user, concerning a plurality of users, if needs to know how to
fulfill all the requirements of the plurality of users so as to
maintain QoS 100 and reduce power consumption.

[0033] The start offset decision module 12 may calculate
the number of users in each of on periods of the DRX cycle
and determine the start offset of the DRX cycle for a new user
that is used by a minimum number of users. That is to say, the
start offset decision module 12 may calculate a total number
of users in each of the on periods of the DRX cycle and
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determine the start offset of the DRX cycle for a new user that
1s used by a minimum number of the users.

[0034] In an embodiment of the disclosure, the start offset
decision module 12 may generate a weight value by weight-
ing the number of users on each of periods of the DRX cycle
(e.g., squaring the number of users at each of periods of the
DRX cycles). The least common multiple cycle from all DRX
cycles is found first. The least common multiple DRX cycle is
divided into a plurality of segments (i.e., the length of a
segments is as the same as the DRX cycle of a new user), and
the weighted values of the plurality of segments are accumu-
lated. The accumulated weighted values of the users are gen-
erated in a segment of the DRX cycle to determine the start
offset value.

[0035] On this occasion, the on periods of DRX cycles for
users may stagger, and may also improve transmission effi-
ciency and minimize power consumption. For a new user, the
start offset of the DRX cycle that is used by a minimum
number of users is determined, such that the DRX cycle of the
existing user is not required to alter. As such, a suitable start
offset can be obtained for a new user. Therefore, the power-
saving data scheduling system 1 for LTE does not require to
rearrange the DRX cycles of all of the users, and thus the
system load caused by signaling is reduced.

[0036] FIGS. 3A to 3D illustrate a series of DRX cycles
with on periods used by the number of the users in the power-
saving data scheduling system for LTE according to an
embodiment ofthe disclosure. Thatis, the start offset decision
module 12 may calculate the number of users in each of
periods of the DRX cycles.

[0037] In an embodiment of the disclosure, there are a
plurality of users in a network environment, and the DRX
cycles of the users are determined. Then, a cycle start offset
will be determined.

[0038] As shown in FIG. 3A, the target is the cycle start
offset of user UE . In this embodiment, the DRX cycles CLD,
of user x is 100 ms, and TOD,, the on period of the user x, is
50 ms. In other words, the on period is a half of the user’s
DRX cycle.

[0039] The least common multiple (CLCM) 301 of the
DRX cycles of users is calculated. In the embodiment of the
disclosure, CLCM 301 is 100 ms, that is, CLCM 301 includes
three CLD, segments. NA represents a number of awake users
(i.e., a number of radio-frequency circuits are turned on).
NA={NA , 15j<CLCM}, where NA; 302 denotes a number of
users at a time point j.

[0040] As shown in FIG. 3A, CLCM 301 is divided into
three CLD, segments, of which each comprises 100 time
points (i.e., each time point represents 1 ms), representing as
2100 ...00,00...0011,00 ... 00 (indicating a number of
users), from left to right. For example, as shown in FIG. 3A,
the leftmost time point indicates that two users are turning on
and using their radio-frequency circuits, and the second left-
most time point indicates that only one user is turning on and
using his/her radio-frequency circuits.

[0041] Moreover, the equation NS={NSINS=(NA)>,
1=j<CLCM} is used to allow the subsequent calculations still
maintaining the same distribution information of users’
awake times. Therefore, NA, is weighted by squaring the
number of the users at each time point, and then an NS 303 is
generated.

[0042]  As shown in FIG. 3B, after NA, is weighted at each
time point, the results 4100 ...00,00...0011,00.. .00, from
left to right, are generated. The purpose of the weighting step
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is to emphasize that some users are turning on and using their
radio-frequency circuits during the time points. The weighted
values reduce the chances of other users to turn on radio-
frequency circuits at the time points when the value of start
offset of the DRX cycle is determined.

[0043] As shown in FIG. 3C, in order to reduce the number
of operations required to select an optimal cycle start offset of
a user UE,, the operation may be reduced to a range of 1 to
CLD, by using the following equation:

NRPX’,( = Z st’
Y ((j~1ymod CLDg 1=k

1< j=CLCM,

1=k=CLD,

where CLD, indicates a DRX cycle of a user UE,. As
described previously, for the DRX cycle of a UE_, the NS 303
may be divided into a plurality of segments, and the weighted
values of each of the plurality of segments are accumulated to
form an NRP 304. The purpose of the NRP 304 is to calculate
the number of the users in a cycle, such as the DRX cycle. As
shown in FIG. 3C, the accumulated weighted values of these
three segments 4100...00,00...0011and 00. .. 00 are 4100
... 0011, indicates that the leftmost time point of each of the
plurality of segments has the heaviest transmission load.
Therefore, the NRP 304 can be obtained by using
NRP ={NRP, ,, 1=k=CLD,}.

[0044] As shown in FIG. 3D, the optimal cycle start offsets
of the user UE, is calculated by using the following equation:

¢+TOD, -1
CSO, =arg  min Z NRP (- 1ymod CLD+1)
1=i=CLDy =

where CSO, 305 represents a cycle start offset of a user UE,..
Ak value from a range of 1 to CLD,, of the DRX cycle of the
user UE _ is determined, such that NRP, , corresponding to an
awake period k-(k+TOD_-1) of a user UE_ has a least accu-
mulated value. TOD, is an on period of a user UE,, and the k
value is taken as a CSO, 305. That is to say, the cycle start
offset of the user UE, is set as k, such that the awake time of
the user UE, least overlaps with the awake times of other
users.

[0045] As shown in FIG. 3D, the lefimost time point rep-
resents 4 in NRP 304, and the second leftmost, the 99” and the
100” time points represent 1. Therefore, the user UE, will not
be arranged to turn on his/her radio-frequency circuit during
the on period at the first and second time points since other
users are turning on and using their radio-frequency circuits at
these time points. A time point of the cycle start offset having
k value (k=3 in this embodiment) is determined as an on
period for the user. As shown in FIG. 3D, if CSO, =1, users
may compete for network resources during the on period at
the firstand second time points. As such, network services can
be obtained for users by setting the k value as 3, in order to
avoid competing for network resources at the first and second
time points.

[0046] Referring to FIG. 4, a block diagram of a power-
saving data scheduling system for LTE is illustrated accord-
ing to another embodiment of the disclosure. In addition to
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the period decision module 11 and the start offset decision
module 12, the power-saving data scheduling system 1 fur-
ther comprises an DRX-aware scheduling module 13 that
determines whether the user acquire wireless resources based
on a system load 400 to extend the on period in order to
improve QoS requirements 100.

[0047] After receiving the QoS requirements 100 and the
current channel conditions 200, the period decision module
11 and the start offset decision module 12 may provide proper
DRX parameters to users. However, when the on period ends,
but transmission of certain packets are not completed, it is
important to determine how these packets can be transmitted
efficiently without consuming unnecessary power. In the
embodiment of the disclosure, the DRX-aware scheduling
module 13 is provided to determine whether the on period
should be extended.

[0048] When a user device has packets in a buffer required
1o transmit, and the on period is about to end, the DRX-aware
scheduling module 13 determines whether the user may use
wireless resources according to the system load 400, and may
extend the on period. In other words, the DRX-aware sched-
uling module 13 may extend the on period through a sched-
uling mechanism. Before a radio-frequency circuit of a user
device is turned off, and certain packets are required to trans-
mit, the DRX-aware scheduling module 13 may determine
whether the on period is extended according to the system
load 400, in order to improve QoS. Therefore, the power-
saving data scheduling system 1 for LTE may generate
updated DRX parameters 300" that conform to the system
load 400. Additionally, the user equipment 2 is informed to
determine whether the on period is required to extend.

[0049] For instance, if the system load is not heavy, QoS
requirements are improved by extending the on period. On the
contrary, if the system load is heavy, more power is consumed
while the radio-frequency circuit is continuously turned on
since wireless resources for packet transmission may also not
be obtained. Therefore, if the system load is too heavy, the
radio-frequency circuit is turned off in order to reduce power
consumption according to the original DRX parameters.

[0050] According to the embodiment of the disclosure, the
on period may be extended while the packets required to
transmit are not completed, but the on period is about to end.
If the transmission time of the packets is shorter than the on
period after the radio-frequency circuitis turned off, a priority
for the user is increased, and an inactivity timer is reset. In the
embodiment of the disclosure, the inactivity timer is a timer
that records a time required to turn off the radio-frequency
circuit.

[0051] Moreover, the extension of an on period is described
as follows. When transmission of packets in the buffer of the
user equipment 2 is not completed, and the radio-frequency
circuitis going to be turned off at the next time point, it can be
determined whether the user has a chance to obtain wireless
transmission resources according to the system load, and the
on period may be extended while the user is able to obtain the
wireless transmission resources.

[0052] The on period is extended when a priority for the
user is temporarily increased before the circuit is turned off.
As such, the user is allowed to obtain the wireless transmis-
sion resources. Additionally the inactivity timer is reset to
extend the on period. As shown in FIG. 5, if the user is
determined to obtain the transmission resources, the on
period may be extended, as illustrated in FIG. 5 by the first
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arrow from the left. The on period may be furtherextended (as
illustrated in FIG. 5 by another arrow) according to the
amount of the resources.

[0053] The priority can be calculated by the following
equation:

P {P;(r) +a@, TOD, =<1 and TIA, <1 and loading, < off ratio, }
(1) = ,

P(1), otherwise

where P_(t) represents the priority of the DRX-aware sched-
ule, P, *(t) represents the priority calculated by an original
scheduling mechanism, TOD, represents the current on
period of the user x, and TIA  represents the current inactivity
timer.

[0054] When TOD, <1 and TIA <1 are satisfied, the radio-
frequency circuit is going to be turned off at the next time
point, and the system will determine whether the user’s on
period is extended according to a load loading_and a ratio
off_ratio, of the off period and the DRX cycle.

[0055] Accordingly, if the loading of the users whose pri-
orities are higher than the current user UE, is less than a time
ratio of turning off the circuit of user UE,, that is,
loading, <off_ratio_, it indicates that the time period after
turning off the circuit is longer than the transmission time
required by the users having a high priority, such that the user
UE, may transmit packets due to some available transmission
resources. Therefore, the on period that the user UE _ is using
the wireless transmission circuit may be extended by tempo-
rarily increasing the user’s priority. On the contrary, if no
transmission resources are available, the on period that the
user is using the wireless transmission circuit is not extended.
Here, the value of P_*(t) by a value o is increased, and the
value o is set as a value greater than all possible values of
P_¥1).

[0056] The load loading, required by other users having a
higher priority may be calculated by the following equation:

Ri(r)

loading, = —m ,
il

VP (> PE(r)

where R,(t) represents an average transmission rate of a user
UE,, r,(t) represents a transmission rate according to the cur-
rent channel conditions, at which all wireless transmission
resources are allocated to user UE,. In addition, the loading
only considers other users who have a higher priority than the
user UE,.

[0057] Furthermore, off_ratio_is calculated by the follow-
ing equation:

L. TOP,
off_rario, = )
X

where TOP, represents a time from the time that the circuit is
turned off to the time that the circuit is turned on again, and
off_ratio, represents a ratio of the off period and the user’s
UE, DRX cycle.

[0058] Referring to FIG. 6, a flow chart of a power-saving
data scheduling method for LTE is illustrated according to the
disclosure. In step S601, a cycle having a shortest delay time
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is selected as a DRX cycle for each of users from QoS require-
ments related to network services. In other words, a cycle
having a shortest delay time is determined as a DRX cycle for
each of users based on the QoS requirements related to the
network services. Therefore, the circuit may be turned on or
turned off periodically to meet a minimum requirement for all
the network services. Then, step S602 is performed.

[0059] In step S602, a current channel transmission rate is
acquired according to current channel conditions, and an on
period of the DRX cycle of each of the users are obtained
through the current channel transmission rate. In this step, the
users’ on periods of the DRX cycle may be determined
according to the current channel conditions. In other words,
the channel transmission rate may be acquired once the cur-
rent channel conditions are known. As such, the on periods
are defined with a view to providing better transmission effi-
ciency.

[0060] According to the disclosure, a ratio of the on period
and the DRX cycle is a ratio of a total of transmission rates
required by all the network services and the current channel
transmission rate. In other words, the ratio of the on period
and the DRX cycle is determined according to the ratio of the
total of transmission rates required by all the network services
and the current channel transmission rate. Step S603 is sub-
sequently performed.

[0061] In step S603, the number of the users in each of
periods of the DRX cycle are calculated. In this step, the
number of users in the DRX cycle may be calculated accord-
ing to each of periods of the DRX cycle. Accordingly, it may
be determined how many users are using transmission circuits
according to the number of the users in each of periods of the
DRX cycle. Based on step S603, all the users’ on periods may
be distributed evenly, and a proper on period may be assigned
10 a new user.

[0062] The on periods of the DRX cycle are weighted by
squaring the number of the users in each of periods of the
DRX cycle so as to generate weight of values. Then, a series
of DRX cycles (i.e., the least common multiple cycles from
all DRX cycles) are divided into a plurality of segments. After
that, the weighted values of the plurality of segments are
accumulated. Therefore, the accumulated weighted values of
the users are generated in a segment of the DRX cycle to
determine the start offset value. The step of weighting the on
periods of the DRX cycle is to emphasize that some users are
turning on their circuits at some of time points in the DRX
cycle. The number of the users at different segments are
accumulated because the least common multiple cycles may
have a plurality of segments in terms of the DRX cycle of a
new user. Therefore, the minimum accumulated number is
selected for the purpose of avoiding assigning a busy trans-
mission resources to a new user. As such, a start offset may be
obtained in a simple manner. Then, step S604 is performed.

[0063] In step S604, the start offset of the DRX cycle for a
new user is determined by the time point that is used by a
minimum number of the users. The minimum accumulated
number is calculated in step S603. Accordingly, start offset of
the DRX cycle for a new user as a time point that is used by a
minimum number of the users is determined in step S604.
That is to say, after a better start offset is obtained, a start time
point of the on period may be determined by the new user.
Therefore, based on this step, it is unnecessary to change the
arrangement of the current other users. The system load may
be reduced.
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[0064] According to the disclosure, the power-saving data
scheduling method for LTE further includes step S605. In step
S605, it is determined whether the user can acquire wireless
resources according to the system load, and the on period is
extended when a buffer of the user’s equipment still has
packets to transmit and the on period ends at the next time
point. According to the system load, the on period may be
extended, and thus the user is allowed to acquire the wireless
resources.

[0065] The on period may be extended while packets
required to transmit are not completed, but the on period is
about to end. If the transmission time of the packets is shorter
than the on period after the radio-frequency circuit is turned
off, a priority for the user is increased, and an inactivity timer
is reset. According to the disclosure, the inactivity timer is a
timer that records a time required to turn off the radio-fre-
quency circuit.

[0066] According to the above descriptions of the disclo-
sure, the power-saving data scheduling system for LTE may
dynamically determine DRX parameters based on QoS
requirements and current channel conditions. The DRX cycle
constituted by the DRX parameters may satisfy the QoS
requests and minimize power consumption. Moreover, the
power-saving data scheduling system may select and deter-
mine an start offset of the DRX cycle that is used by a
minimum number of user for a new user according to all the
DRX cycles used by the users in the system with a view to
evenly distributing each of periods of a cycle to turn on their
transmission circuits. Further, the power-saving data sched-
uling system may determine whether an on period is extended
to accommodate more users in LTE, according to the system
load. In other words, if necessary, an on period may be
extended and QoS may be satisfied based on the scheduling
mechanism.

[0067] The foregoing descriptions of the detailed embodi-
ments are only used to illustrate the features of the disclosure,
and they should not be construed as to limit the disclosure in
any way. The above embodiments can be modified by those
with ordinary skill in the art without departing from the scope
of the present invention as defined in the following appended
claims.

What is claimed is:

1. A power-saving data scheduling system for long term
evolution (LTE), comprising:

a period decision module configured for selecting a cycle
having a shortest delay time as a discontinuous reception
(DRX) cycle for each of users from quality of service
(QoS) requirements related to network services, acquir-
ing a current channel transmission rate according to
current channel conditions, and obtaining an on period
ofthe DRX cycle of each of the users through the current
channel transmission rate; and

a start offset decision module configured for calculating
the number of the users in each of periods of the DRX
cycle and determining a start offset of the DRX cycle
that is used by a minimum number of the users for a new
user.

2. The power-saving data scheduling system of claim 1,
wherein a ratio of the on period to the DRX cycle is equal to
a ratio of a total of transmission rates required by all of the
network services to the current channel transmission rate.

3. The power-saving data scheduling system of claim 1,
wherein the on period of the DRX cycle is weighted to gen-
erate a weighted value, the DRX cycle is divided into a
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plurality of segments, weighted values of the plurality of
segments are accumulated, and the accumulated weighted
values corresponding to the start offsets of the users are gen-
erated in a segment of the DRX cycle.

4. The power-saving data scheduling system of claim 1,
further comprising a DRX-aware scheduling module config-
ured for determining if the users acquire wireless resources
based on a system load to extend the on period when a buffer
of a user equipment has packets to transmit and the on period
ends.

5. The power-saving data scheduling system of claim 4,
wherein the DRX-aware scheduling module extends the on
period by increasing priority of the users and resetting an
inactivity timer if a period required by a user load is shorter
than an off period.

6. A power-saving data scheduling method for LTE, com-
prising the steps of:

selecting a cycle having a shortest delay time as a DRX

cycle for each of users from QoS requirements related to
network services;

acquiring a current channel transmission rate according to

current channel conditions, and obtaining an on period
ofthe DRX cycle of each of the users through the current
channel transmission rate;
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calculating the number of the users in each of periods of the
DRX cycle; and

determining a start offset of the DRX cycle that is used by
a minimum number of the users for a new user.

7. The power-saving data scheduling method of claim 6,
wherein a ratio of the on period to the DRX cycle is equal to
a ratio of a total of transmission rates required by all the
network services to the current channel transmission rate.

8. The power-saving data scheduling method of claim 6,
wherein the calculating step comprises weighing the on peri-
ods of the DRX cycle to generate weighted values, dividing
the DRX cycle into a plurality of segments, accumulating the
weighted values of the plurality of the segments, and gener-
ating the accumulated weighted values corresponding to the
start offsets of the users in a segment of the DRX cycle.

9. The power-saving data scheduling method of claim 6,
further comprising determining if the users acquire wireless
resources based on a system load and extending the on period
when a buffer of auser equipment has packets to transmit and
the on period is about to end.

10. The power-saving data scheduling method of claim 9,
wherein the extending step comprises increasing priority of
the users and resetting an inactivity timer if a period required
by a user load is shorter than an off period.
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