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REDUCTION OF BUFFER OVERFLOW

RELATED APPLICATIONS

[0001] The present application claims priority to U.S. Pro-
visional Patent Application No. 61/821,635, filed May 9,
2013 with a docket number of P56618Z, the entire specifica-
tion of which is hereby incorporated by reference in its
entirety for all purposes.

BACKGROUND

[0002] In general, machine-to-machine (M2M) communi-
cation or Machine Type Communication (MTC) may refer to
technologies that allow wireless and wired systems to com-
municate with other devices without any human intervention.
A user equipment (UE) equipped for MTC (also known as an
MTC device) may include, for example, a sensor or meter to
collect information. The UE can communicate via a mobile
network (e.g., wireless, wired, hybrid) with an MTC applica-
tion server (e.g., software program) that can use or request
data from the UE.

[0003] The expansion of mobile networks (e.g., broadband
wireless access networks, wide area networks) across the
world, along with the increased speed/bandwidth and
reduced power of wireless communication, has facilitated the
growth of MTC. Although the amount of data sent by UEs
equipped for MTC is very small, a large number of these
devices connected to a wireless network and concurrently
being used may increase a data load and overhead expense on
a network.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Features and advantages of the invention will be
apparent from the detailed description which follows, taken
in conjunction with the accompanying drawings, which
together illustrate, by way of example, features of the inven-
tion; and, wherein:

[0005] FIG. 1 is a block diagram illustrating a Third Gen-
eration Partnership Project (3GPP) Long Term Evolution
(LTE) architecture in accordance with an example;

[0006] FIG. 2A illustrates a block timing diagram that
includes a short discontinuous reception (DRX) cycle in
accordance with an example;

[0007] FIG. 2B illustrates a block timing diagram that
includes a long DRX cycle in accordance with an example;
[0008] FIG. 3 illustrates a scheme for reducing a potential
for butfer overflow at a serving gateway (S-GW) by instruct-
ing an evolved node B (eNB) to modify discontinuous recep-
tion (DRX) configurations for one or more user equipments
(UEs) in accordance with an example;

[0009] FIG. 4 depicts functionality of computer circuitry of
a node operable to control discontinuous reception (DRX)
configurations for a plurality of user equipments (UEs) in
accordance with an example;

[0010] FIG.5 depicts functionality of computer circuitry of
a Third Generation Partnership Project (3GPP) serving gate-
way (S-GW) operable to buffer downlink information for a
plurality of user equipments (UEs) in accordance with an
example;

[0011] FIG. 6 depicts a flow chart of a method for reducing
buffer overflow at a Third Generation Partnership Project
(3GPP) Serving Gateway (S-GW) in accordance with an
example;
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[0012] FIG. 7 illustrates a block diagram of a mobile device
(e.g., a user equipment) in accordance with an example.
[0013] Reference will now be made to the exemplary
embodiments illustrated, and specific language will be used
herein to describe the same. It will nevertheless be understood
that no limitation of the scope of the invention is thereby
intended.

DETAILED DESCRIPTION

[0014] Before the present invention is disclosed and
described, it is to be understood that this invention is not
limited to the particular structures, process steps, or materials
disclosed herein, but is extended to equivalents thereof as
would be recognized by those ordinarily skilled in the rel-
evant arts. It should also be understood that terminology
employed herein is used for the purpose of describing par-
ticular embodiments only and is not intended to be limiting.

Definitions

[0015] Asusedherein, the term “substantially” refers to the
complete or nearly complete extent or degree of an action,
characteristic, property, state, structure, item, or result. For
example, an object that is “substantially” enclosed would
mean that the object is either completely enclosed or nearly
completely enclosed. The exact allowable degree of deviation
from absolute completeness may in some cases depend on the
specific context. However, generally speaking the nearness of
completion will be so as to have the same overall result as if
absolute and total completion were obtained. The use of ““sub-
stantially” is equally applicable when used in a negative con-
notation to refer to the complete or near complete lack of an
action, characteristic, property, state, structure, item, or
result.

Example Embodiments

[0016] An initial overview of technology embodiments is
provided below and then specific technology embodiments
are described in further detail later. This initial summary is
intended to aid readers in understanding the technology more
quickly but is not intended to identify key features or essential
features of the technology nor is it intended to limit the scope
of the claimed subject matter. The following definitions are
provided for clarity of the overview and embodiments
described below.

[0017] With a wide range of potential applications,
Machine Type Communication (MTC) or Machine to
Machine (M2M) communication has gained large interest
among equipment vendors, mobile network operators, and
MTC specialist companies. MTC is a form of data commu-
nication among one or more entities that does not necessarily
need human interaction. Generally, a user equipment (UE)
can be equipped for MTC. The UE equipped for MTC can
also be known as an MTC device. The UE can communicate
locally (e.g., wirelessly, through a personal area network
(PAN), or hardwired) with other entities that provide the UE
with data (e.g., a small data payload). Thereafter, the UE can
process the data and then transmit the data to the MTC servers
and/or other UEs that are equipped for MTC. The UEs can
include health monitoring devices, smart meters, sensors, etc.
[0018] The UEs equipped for MTC can transmit (i.e., send
or receive) small amounts of data over a network. The small
amount of data typically ranges from a few bits to kilobits of
data. The network can be a wireless wide area network
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(WWAN) or wireless local area network (WL AN) basedon a
selected radio access network (RAN) technology. The
WWAN can be configured to operate based on a cellular
networking standard such as IEEE 802.16 standard, com-
monly referred to as WIMAX (worldwide interoperability for
microwave access), and the Third Generation Partnership
Project (3GPP). Releases of the IEEE 802.16 standard
include the IEEE 802.16e-2005, 802.16-2009, and 802.16m-
2011. Releases of the 3GPP standard include the 3GPP Long
Term Evolution (LTE) Release 8 in the fourth quarter o£ 2008,
3GPP LTE Advanced Release 10 in the first quarter of 2011,
and 3GPP LTE Release 11 in the third quarter of 2012.

[0019] In one example, UE power consumption for MTC
and other mobile Internet applications may be improved by
modifying the discontinuous reception (DRX) configurations
of'the UEs equipped for MTC. As discussed in greater detail
below, DRX can be used to enable a wireless device, such as
the UE in a 3GPP LTE network, to discontinuously monitor a
downlink control channel, such as the physical downlink
control channel (PDCCH) communicated from a transmis-
sion station such as an enhanced node B (eNB). The discon-
tinuous monitoring by using DRX can provide significant
power savings at the UE since the receiver at the UE can be
turned off for selected periods. In other words, the UE may go
into a DRX sleep mode, or a low power mode, when the UE
does not monitor the downlink control channel.

[0020] Inoneexample, the UE power consumption may be
improved by extending a DRX sleep cycle length of one or
more UEs. In other words, the UE may “sleep” for a longer
period of time (i.e., the UE does not monitor the downlink
channel control for longer periods of time), thereby decreas-
ing the UE’s power consumption. The DRX sleep cycle
length may be extended for UEs in either a connected mode or
an idle mode (i.e., a low power mode). In 3GPP LTE Release
11, the maximum DRX sleep cycle length is 2.56 seconds.
Thus, if the UE is performing DRX during the idle mode, the
UE may adhere to a periodic DRX sleep cycle, wherein the
UE can sleep forup to 2.56 seconds. In one configuration, the
UE may sleep according to an extended DRX sleep cycle
length (e.g., 10 seconds) in order to decrease the UE’s power
consumption. In general, the term “extended DRX sleep cycle
length” may refer to a DRX sleep cycle length that is greater
than 2.56 seconds.

[0021] Afterthe UE sleeps for 2.56 seconds (or longer), the
UE can wake up during an ON duration. During the ON
duration, the UE can listen to the downlink control channel
for the possible arrival of Internet Protocol (IP) packets in the
downlink. The IP packets may include a header and a payload.
While the UE is sleeping according to the UE’s periodic DRX
sleep cycle, downlink IP packets for the UE are buffered at the
network (e.g., at a serving gateway) until the next ON dura-
tion. In other words, the IP packets are buffered at the network
until the UE wakes up during the next ON duration. The UE
can listen to the downlink control channel for the possible
arrival of the IP packets in the downlink. The IP packets that
are buffered at the network may be delivered to the UE.
[0022] When the maximum DRX sleep cycle length is 2.56
seconds, the network may be adequate to buffer the IP packets
until the UEs wake up from idle mode. However, if the DRX
sleep cycle length increases to several minutes or even several
hours (i.e., the UE sleeps according to the extended DRX
sleep cycle length), the network may be unable to buffer all of
the IP packets until the UEs wake up from idle mode. As the
DRX sleep cycle length increases (e.g., from 2.56 seconds to
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10 seconds), the amount of information to be buffered at the
network may also increase. In other words, the extended DRX
sleep cycle may result in an increased number of 1P packets
being buffered at the network. Thus, the network may be
unable to handle the increased amount of information that is
to be buffered, especially when a plurality of UEs equipped
for MTC (e.g., thousands of UEs) are using extended DRX
sleep cycle lengths simultaneously. Even if a single IP Packet
in the order of 1 kilobyte (kB) is buffered at the network for
each of the plurality of UEs (e.g., several thousand UEs)
while the plurality of UEs are idle, the amount of information
may exceed a buffer capacity of the network.

[0023] FIG. 11is a block diagram illustrating an exemplary
Third Generation Partnership Project (3GPP) Long Term
Evolution (LTE) architecture 100. The 3GPP LTE architec-
ture 100 may include at least one user equipment (UE) 102,
evolved node B (eNB) 104, serving gateway (S-GW) 106, and
mobility management entity (MME) 108. The S-GW 106 and
the MME 108 may be included in an evolved packet core
(EPC) 110. In one example, the UE 102 may be equipped for
machine type communication (MTC). The radio interface
between the UE 102 and the eNB 104 is the LTE-Uu interface.
Thus, the LTE-Uu interface may handle the signaling
between the UE 102 and the eNB 104.

[0024] The eNB 104 may connect with the EPC 110
through the S1 interface. The S1 interface may include the
S1-MME interface for the control plane and S1-U interface
for the user plane. In other words, control signaling between
the eNB 104 and the MME 108 may be handled by the
S1-MME interface, and user data between the eNB 104 and
the S-GW 106 may be handled by the S1u interface. In addi-
tion, control signaling between the S-GW 106 and the MME
108 may be handled by the S11 interface.

[0025] In one example, the S-GW 106 may buffer the
downlink IP packets when the UE 102 is idle. In other words,
the S-GW 106 may store the downlink IP packets (or down-
link information) when the UE 102 is in a low power mode
during the extended DRX sleep cycle (e.g., a period of 30
seconds). The S-GW 106 may buffer the downlink IP packets
until the UE 102 wakes up from idle mode (i.e., the low power
mode) during the ON duration. In addition, the S-GW 106
may initiate network triggered service requests.

[0026] Inone configuration, the increased amount of infor-
mation that is buffered at the S-GW 106 due to the extended
DRX sleep cycle lengths (e.g., 30 seconds as opposed to 2.56
seconds) may cause a potential overflow at an S-GW buffer
within the S-GW 106. In addition, the potential overflow at
the S-GW buffer may be caused by the increased number of
UEs and the simultaneous use of the extended DRX sleep
cycle lengths. The number of UEs that are simultaneously
using the extended DRX sleep cycle lengths could potentially
be in the range of thousands of UEs. In addition, the potential
for buffer overflow at the S-GW may increase when the
S-GW is suddenly faced with a high volume of connected
users. As a result, the S-GW 106 may drop IP packets, and
hence, the IP packets may not be received at the UE 102 when
the UE 102 wakes up from idle mode. The loss of IP packets
at the UE may degrade a user’s experience. As explained in
greater detail below, the DRX configurations of one or more
UEs (e.g., the DRX sleep cycle length) may be modified in
order to reduce the potential for buffer overflow at the S-GW
106.

[0027] FIGS. 2A and 2B are block timing diagrams for
discontinuous reception (DRX) short cycles and DRX long
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cycles, respectively. The UE can be set in either an RRC_
IDLE or an RRC_CONNECTED state to extend battery life
while still guaranteeing a high quality of service (QoS) and
connectivity speed. The 3GPP LTE implementation allows
the UE to reduce the amount of time spent monitoring a
control channel, such as the PDCCH, for control channel
information. Rather than monitoring the PDCCH every trans-
mission time interval (TTI), the UE can monitor the PDCCH
only during specific time intervals set through the RRC com-
munication. An Active Time is a time related to DRX opera-
tion during which the UE monitors the PDCCH in PDCCH-
subframes. This solution can provide benefits in both the
downlink and uplink because all of the scheduling control
information is transmitted on the PDCCH. During non-active
states, the UE can be configured to enter a power saving state
that can significantly decrease the power consumption of the
LTE configured radio frequency modem at the UE.

[0028] The RRC signaling can be used to manage the use of
DRX by setting various parameters. Examples of parameters
that can be setinthe RRC_CONNECTED state are illustrated
in FIG. 2A. The DRX parameters may include, but are not
limited to, DRX Cycle, On Duration timer, DRX Inactivity
timer, DRX Short Cycle, and/or Short DRX Cycle timer.
[0029] The DRX Cycle may identify the periodic repetition
of an active period, identified as an “On Duration”, followed
by a possible period of inactivity. There is a DRX Long cycle
and a DRX Short cycle. The On Duration timer may identify
how many subframes the UE is in an active state when a new
DRX cycle starts (at the beginning of a DRX cycle). The UE
will listen to the PDCCH subframes during this time even if
there is no data transfer. The DRX Inactivity timer may iden-
tify for how many consecutive PDCCH subframes the UE is
to remain active after successfully decoding a PDCCH. The
DRX Short Cycle may identify a periodic repetition of an
active state when the UE is under a short DRX condition. The
Short DRX Cycle timer may specify a consecutive number of
subframes the UE will follow the short DRX cycle after the
DRX inactivity timer has expired.

[0030] When the network configures DRX fora UE, avalue
is defined for the DRX Inactivity Timer, referred to in the
3GPP LTE Technical Specification (TS) 36.321 as a drx-
Inactivity Timer that starts running after each data block has
been sent. If new data is sent then the timer is restarted. If still
no data is sent when the timer expires then the device can
enter a DRX mode with a short DRX cycle. This means that
the UE will effectively sleep and awake in a relatively short
pattern based on the short DRX cycle. If new data is received
then it can be received relatively quickly since the UE only
sleeps for short periods. The short DRX cycle mode also has
a configurable short DRX cycle timer (i.e. drxShortCy-
cleTimer) attached. Once this timer expires (i.e. no data is
received during the short cycle mode), the UE can enter the
long DRX cycle. The long DRX cycle can further reduce
power usage, but also increases latency time.

[0031] During the inactivity periods, the UE may only
check the control channels and resources may be assigned. In
each DRX cycle (short and long), the RF modem can be
turned on for a number of consecutive subframes set by the
On Duration timer to listen to the control channel. When data
activity is detected, in either the downlink or uplink, the eNB
triggers the short DRX cycle for the UE, thereby increasing
the responsiveness and connectivity of the UE. The transi-
tions between the Long DRX Cycle and the Short DRC cycle
may be triggered directly by the eNB or determined by a
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timer. Control channel information received on the PDCCH
can identify resource blocks in which data is communicated
to the UE, thereby enabling the UE to receive the data trans-
mitted in the downlink.

[0032] The inactivity timer can specify the consecutive
number of TTIs during which the UE will monitor the
PDCCH after successfully decoding a PDCCH indicating an
uplink or a downlink data transfer for the UE. The inactivity
timer can keep the UE awake for a certain period during data
transfer even if the on-duration timer has expired. In a down-
link, the inactivity timer is usually triggered within an on-
duration period. If the on-duration period is longer, the inac-
tivity timer may start and expire within the awake period. In
this example, the inactivity timer will not contribute to the
average awake time of the terminal. The inactivity timer may
only be triggered for new transmissions in both an uplink and
downlink and not for retransmissions.

[0033] In the example illustrated in FIG. 2A, a short DRX
cycle starts at the beginning of an On Duration and ends at the
beginning of the next On Duration. An Inactivity Timer is
shown overlapping an On Duration, as discussed in the pre-
ceding paragraph. FIG. 2B illustrates an example of a long
DRX cycle. In this example, the long DRX cycle is shown
relative to an On-Duration Timer, and an overlapping Inac-
tivity Timer.

[0034] FIG. 3 illustrates an exemplary scheme for reducing
a potential for buffer overflow at the serving gateway
(S-GW). As previously discussed, the S-GW may buffer the
downlink IP packets for a plurality of UEs when the UFEs are
in the extended DRX sleep cycle length (e.g., 30 seconds).
The downlink IP packets may be delivered to the UE when the
UE wakes up from idle mode (i.e., the low power mode). The
increased number of UEs that are equipped for MTC may
increase the likelihood of buffer overflow at the S-GW. In
other words, the S-GW may be unable to handle the amount
of downlink information for the plurality of UEs. In one
example, the likelihood of buffer overflow at the S-GW may
increase when the DRX sleep cycle lengths of the UEs are
increased. As a result of the UE being in an idle mode for a
longer period of time, an increased amount of downlink infor-
mation is buffered at the S-GW. Modifications to the DRX
configurations associated with the UEs may reduce the down-
link information that is stored at the S-GW buffer, thereby
reducing the potential for overflow at the S-GW. In one
example, the S-GW may decrease the DRX sleep cycle
lengths (e.g., from 30 seconds to 2.56 seconds), via the eNB,
in order to reduce the downlink information that is stored at
the S-GW buffer.

[0035] The S-GW may determine that buffer overflow is
likely to occur when an S-GW buffer capacity is greater than
a predetermined threshold. In other words, the S-GW may
determine that the buffer overflow is imminent when the
amount of downlink information that is stored at the S-GW
buffer exceeds the predetermined threshold. In one example,
the S-GW buffer capacity may be greater than the predeter-
mined threshold for reasons other than the extended DRX
sleep cycle lengths of the UEs. The S-GW may communicate
a buffer overflow message to a mobility management entity
(MME) indicating the potential overflow at the S-GW buffer.
[0036] The MME may forward the buffer overflow mes-
sage to the eNB. In addition, the MME may instruct the eNB
to modify the DRX configurations of one or more UEs out of
the plurality of UEs for a period of time to lower the buffering
demand. For example, the MME may instruct the eNB to
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modify the DRX configurations of the one or more UEs until
the risk of overflow at the S-GW buffer has substantially
subsided. In one configuration, the MME may instruct the
eNB to adjust (or limit) the extended DRX sleep cycle lengths
orlong DRX sleep cycle lengths ofthe one or more UEs in the
plurality of UEs until the potential for buffer overflow at the
S-GW has reduced. In one example, the MME may commu-
nicate, to the eNB, an indicator or instruction for the eNB to
optimize (i.e., modify) the DRX sleep cycle length or other
DRX configurations associated with the one or more UEs.
[0037] The eNB may receive the indication to modify the
DRX configurations of the one or more UEs from the MME.
In one example, the eNB may reduce the extended DRX sleep
cycle length (e.g., 15 seconds) to a defined DRX sleep cycle
length. The eNB may reduce the extended DRX sleep cycle
length to the maximum DRX sleep cycle length of 2.56 sec-
onds, as defined in 3GPP LTE Release 11. Alternatively, the
eNB may reduce the extended DRX sleep cycle length to a
time period other than 2.56 seconds. By reducing the DRX
sleep cycle length, the amount of downlink information
stored at the S-GW buffer when the UEs are sleeping may be
decreased.

[0038] In one configuration, the eNB may select which of
the one or more UEs in the plurality of UEs (i.e., a subset of
the UEs) to modify the DRX configurations based on prede-
termined criteria. For example, the eNB may select the UEs
that have the highest data rates or longest DRX sleep cycle
lengths in relation to the plurality of UEs. The eNB may
reduce the DRX sleep cycle lengths of the UEs with the
highest data rates or the longest DRX sleep cycles. In addi-
tion, the eNB may select the one or more UEs to modity the
DRX configuration based on criteria other than those UEs
having the highest data rates and the longest DRX sleep cycle
lengths.

[0039] In general, the eNB may modify the DRX configu-
rations of UEs that are in a connected mode (as opposed to an
idle mode). The eNB may be unable to modity the DRX
configurations of UEs that are in idle mode because the UEs’
extended DRX cycle lengths may render the UEs unavailable
to receive the modified DRX configuration from the eNB.
Thus, the eNB may wait until one or more UEs transition from
the idle mode to the connected mode, upon which time the
eNB may modity the DRX sleep cycle lengths of the one or
more UEs that are in the connected mode.

[0040] Inanalternative configuration, the eNB may modify
the DRX configurations (e.g., reduce the DRX sleep cycle
lengths) for the plurality of UEs, rather than a subset of UEs
in the plurality of UEs. For example, the eNB may modify the
DRX configurations for the plurality of UEs in response to
receiving multiple buffer overflow messages with instruc-
tions to modify the DRX configurations of the UEs from the
S-GW via the MME. The S-GW may communicate the mul-
tiple buffer overload messages to the eNB when the DRX
modifications performed by the eNB have not significantly
reduced the potential for buffer overflow at the S-GW. For
example, the eNB may reduce the DRX sleep cycle lengths
for the UEs from 30 seconds to 20 seconds, but ifthe potential
for buffer overload has not substantially reduced, the eNB
may further reduce the DRX sleep cycle length to 10 seconds.
In addition, the multiple buffer overload messages with the
instructions to modify the DRX configurations of the UEs
may be communicated to the eNB within a defined time
period (e.g., the S-GW may send three consecutive messages
in a span of two minutes).
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[0041] Inan additional configuration, the eNB may modify
the DRX configurations of one or more UEs to prevent the one
or more UEs from entering into a DRX sleep mode (or a low
power mode). For example, the eNB may modify the DRX
configurations of UEs that are in a connected state to prevent
the UEs from entering into the DRX sleep mode. The eNB
may prevent the UEs from entering into the DRX sleep mode
in order to reduce the amount of downlink information stored
at the S-GW buffer. As a result, a fewer number of UEs may
be allocated for having a DRX configuration. After a period of
time (e.g., when the potential for buffer overflow has sub-
sided), the UEs may be able to enter the DRX sleep mode.
[0042] As previously discussed, the one or more UEs may
have a decreased DRX sleep cycle length (or be unable to
enter the DRX sleep mode) in response to the eNB modifying
the DRX configurations ofthe one or more UEs. Upon receiv-
ing an indication from the S-GW that the risk for buffer
overflow at the S-GW has substantially decreased, the eNB
may reconfigure the DRX sleep cycle lengths of the UEs to a
previous DRX configuration. For example, the DRX sleep
cycle length of the UEs may be reduced from 30 seconds to 10
seconds when the potential for buffer overflow at the S-GW
exceeds the predetermined threshold, but the DRX sleep
cycle length may revert back to 30 seconds when the risk of
buffer overflow has substantially subsided.

[0043] Another example provides functionality 400 of
computer circuitry of a node operable to control discontinu-
ous reception (DRX) configurations for a plurality of user
equipments (UEs), as shown in the flow chart in FIG. 4. The
functionality may be implemented as a method or the func-
tionality may be executed as instructions on a machine, where
the instructions are included on at least one computer read-
able medium or one non-transitory machine readable storage
medium. The computer circuitry can be configured to receive
a buffer overflow message, from a serving gateway (S-GW),
indicating a potential overflow at an S-GW buffer when
downlink information that is stored at the S-GW buffer
exceeds a predetermined threshold, as in block 410. The
computer circuitry can be further configured to select one or
more UEs from the plurality of UEs according to predefined
criteria, as in block 410. In addition, the computer circuitry
can be configured to modify the DRX configurations of the
one or more UEs in order to reduce the downlink information
that is stored at the S-GW buffer, thereby reducing the poten-
tial for overflow at the S-GW buffer, as in block 430.

[0044] Inone example, the downlink information is stored
at the S-GW buffer until the UEs awake from a low power
mode during a discontinuous reception (DRX) sleep cycle. In
addition, the computer circuitry can be further configured to
receive the buffer overtlow message from the S-GW via a
mobility management entity (MME). Furthermore, the com-
puter circuitry can be configured to modify the DRX configu-
rations of the one or more UEs by reducing a DRX sleep cycle
length of the one or more UEs.

[0045] In one configuration, the computer circuitry can be
further configured to select the one or more UEs based on the
predefined criteria of a highest data rate or a longest DRX
sleep cycle length in comparison to the plurality of UEs. In
addition, the computer circuitry can be further configured to
modify the DRX configurations of the one or more UEs that
are in a connected mode. In one example, the computer cir-
cuitry can be further configured to modify a DRX sleep cycle
length of the one or more UEs when the UEs transition from
the idle mode to the connected mode.
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[0046] In one configuration, the computer circuitry can be
further configured to prevent the one or more UEs from enter-
ing a low power mode during a DRX sleep cycle in response
to receiving the buffer overflow message from the S-GW. In
addition, the computer circuitry can be further configured to
modify DRX sleep cycle lengths of the plurality of UEs in
response to receiving multiple buffer overtlow messages from
the S-GW. The computer circuitry can be further configured
to reconfigure DRX sleep cycle lengths of the one or more
UEs to aprevious DRX configuration in response to receiving
an indication from the S-GW that the potential for overflow at
the S-GW buffer has ended. In one example, the node is
selected from a group consisting of a base station (BS), a
Node B (NB), an evolved Node B (eNB), a baseband unit
(BBU), aremote radio head (RRH), a remote radio equipment
(RRE), or a remote radio unit (RRU).

[0047] Another example provides functionality 500 of
computer circuitry of a Third Generation Partnership Project
(3GPP) serving gateway (S-GW) operable to buffer downlink
information for a plurality of user equipments (UEs), as
shown in the flow chart in FIG. 6. The functionality may be
implemented as a method or the functionality may be
executed as instructions on a machine, where the instructions
are included on at least one computer readable medium or one
non-transitory machine readable storage medium. The com-
puter circuitry can be configured to receive the downlink
information for the plurality of UEs, as in block 502. The
computer circuitry can be further configured to store the
downlink information, at an S-GW buffer, when the plurality
of UEs are in a low power mode during a discontinuous
reception (DRX) sleep cycle, as in block 520. In addition, the
computer circuitry can be further configured to detect an
overflow potential at the S-GW buffer when the downlink
information stored at the S-GW buffer exceeds a predeter-
mined threshold, as in block 530. Furthermore, the computer
circuitry can be configure to communicate a buffer overflow
message indicating the overflow potential at the S-GW buffer
to an evolved node B (eNB), wherein the buffer overflow
message instructs the eNB to modify DRX configurations
associated with one or more UEs in the plurality of UEs in
order to reduce overflow potential at the S-GW buffer, as in
block 540.

[0048] In one example, the buffer overflow message
instructs the eNB to modify a DRX sleep cycle length of the
one or more UEs in order to reduce overflow potential at the
S-GW buffer. In an additional example, the one or more UEs
are in a connected mode. In one configuration, the computer
circuitry can be further configured to communicate the buffer
overflow message to the eNB via a mobility management
entity (MME). In one example, the plurality of UEs include
machine type communication (MTC) devices. In addition,
the plurality of UEs include an antenna, a touch sensitive
display screen, a speaker, a microphone, a graphics processor,
an application processor, internal memory, or a non-volatile
memory port.

[0049] Another example provides a method 600 for reduc-
ing buffer overflow at a Third Generation Partnership Project
(3GPP) Serving Gateway (S-GW), as shown in the flow chart
in FIG. 6. The method may be executed as instructions on a
machine, where the instructions are included on at least one
computer readable medium or one non-transitory machine
readable storage medium. The method includes the operation
of receiving a buffer overflow message, at an evolved node B
(eNB) from the S-GW, indicating potential overflow of down-
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link information at a S-GW buffer, wherein the downlink
information is stored at the S-GW buffer until a plurality of
user equipments (UEs) awake from a low power mode during
adiscontinuous reception (DRX) sleep cycle, as in block 610.
The method may further include the operation of selecting
one or more UEs from the plurality of UEs according to a
predefined criteria, wherein the one or more UEs are in a
connected mode, as in block 620. The method may also
include the operation of modifying the DRX configurations
of the one or more UEs in order to reduce the downlink
information that is stored at the S-GW buffer, thereby reduc-
ing the potential for overflow at the S-GW buffer, as in block
630.

[0050] In one example, the method may further include
receiving the buffer overflow message from the S-GW when
the downlink information that is stored at the S-GW buffer
exceeds a predetermined threshold. In addition, the method
may further include receiving the buffer overflow message
from the S-GW via a mobility management entity (MME).

[0051] In one example, the method may further include
selecting the one or more UEs based on the predefined criteria
relating to a data rate or a DRX cycle length. In one example,
modifying the DRX configurations of the one or more UEs
comprises reducing a DRX sleep cycle length of the one or
more UEs. In an additional example, modifying the DRX
configurations of the one or more UEs comprises preventing
the one or more UEs from entering a low power mode during
a DRX sleep cycle.

[0052] FIG. 7 provides an example illustration of the
mobile device, such as a user equipment (UE), a mobile
station (MS), a mobile wireless device, a mobile communi-
cation device, a tablet, a handset, or other type of mobile
wireless device. The mobile device can include one or more
antennas configured to communicate with a node, macro
node, low power node (LPN), or, transmission station, such as
a base station (BS), an evolved Node B (eNB), a base band
unit (BBU), a remote radio head (RRH), aremote radio equip-
ment (RRE), a relay station (RS), a radio equipment (RE), or
other type of wireless wide area network (WWAN) access
point. The mobile device can be configured to communicate
using at least one wireless communication standard including
3GPP LTE, WiMAX, High Speed Packet Access (HSPA),
Bluetooth, and WiFi. The mobile device can communicate
using separate antennas for each wireless communication
standard or shared antennas for multiple wireless communi-
cation standards. The mobile device can communicate in a
wireless local area network (WLAN), a wireless personal
area network (WPAN), and/or a WWAN.

[0053] FIG. 7 also provides an illustration of a microphone
and one or more speakers that can be used for audio input and
output from the mobile device. The display screen may be a
liquid crystal display (LCD) screen, or other type of display
screen such as an organic light emitting diode (OLED) dis-
play. The display screen can be configured as a touch screen.
The touch screen may use capacitive, resistive, or another
type of touch screen technology. An application processor
and a graphics processor can be coupled to internal memory
to provide processing and display capabilities. A non-volatile
memory port can also be used to provide data input/output
options to a user. The non-volatile memory port may also be
used to expand the memory capabilities of the mobile device.
A keyboard may be integrated with the mobile device or
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wirelessly connected to the mobile device to provide addi-
tional user input. A virtual keyboard may also be provided
using the touch screen.

[0054] Various techniques, or certain aspects or portions
thereof, may take the form of program code (i.e., instructions)
embodied in tangible media, such as floppy diskettes, CD-
ROMs, hard drives, non-transitory computer readable storage
medium, or any other machine-readable storage medium
wherein, when the program code is loaded into and executed
by a machine, such as a computer, the machine becomes an
apparatus for practicing the various techniques. In the case of
program code execution on programmable computers, the
computing device may include a processor, a storage medium
readable by the processor (including volatile and non-volatile
memory and/or storage elements), at least one input device,
and at least one output device. The volatile and non-volatile
memory and/or storage elements may be a RAM, EPROM,
flash drive, optical drive, magnetic hard drive, or other
medium for storing electronic data. The base station and
mobile device may also include a transceiver module, a
counter module, a processing module, and/or a clock module
or timer module. One or more programs that may implement
or utilize the various techniques described herein may use an
application programming interface (API), reusable controls,
and the like. Such programs may be implemented in a high
level procedural or object oriented programming language to
communicate with a computer system. However, the program
(s) may be implemented in assembly or machine language, if
desired. In any case, the language may be a compiled or
interpreted language, and combined with hardware imple-
mentations.

[0055] It should be understood that many of the functional
units described in this specification have been labeled as
modules, in order to more particularly emphasize their imple-
mentation independence. For example, a module may be
implemented as a hardware circuit comprising custom VLSI
circuits or gate arrays, off-the-shelf semiconductors such as
logic chips, transistors, or other discrete components. A mod-
ule may also be implemented in programmable hardware
devices such as field programmable gate arrays, program-
mable array logic, programmable logic devices or the like.
[0056] Modules may also be implemented in software for
execution by various types of processors. An identified mod-
ule of executable code may, for instance, comprise one or
more physical or logical blocks of computer instructions,
which may, for instance, be organized as an object, procedure,
or function. Nevertheless, the executables of an identified
module need not be physically located together, but may
comprise disparate instructions stored in different locations
which, when joined logically together, comprise the module
and achieve the stated purpose for the module.

[0057] Indeed,amoduleof executable code may bea single
instruction, or many instructions, and may even be distributed
over several different code segments, among different pro-
grams, and across several memory devices. Similarly, opera-
tional data may be identified and illustrated herein within
modules, and may be embodied in any suitable form and
organized within any suitable type of data structure. The
operational data may be collected as a single data set, or may
be distributed over different locations including over different
storage devices, and may exist, at least partially, merely as
electronic signals on a system or network. The modules may
be passive or active, including agents operable to perform
desired functions.
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[0058] Reference throughout this specification to “one
embodiment” or “an embodiment” means that a particular
feature, structure, or characteristic described in connection
with the embodiment is included in at least one embodiment
of'the present invention. Thus, appearances of the phrases “in
one embodiment” or “in an embodiment” in various places
throughout this specification are not necessarily all referring
to the same embodiment.

[0059] As used herein, a plurality of items, structural ele-
ments, compositional elements, and/or materials may be pre-
sented in a common list for convenience. However, these lists
should be construed as though each member of the list is
individually identified as a separate and unique member.
Thus, no individual member of such list should be construed
as a de facto equivalent of any other member of the same list
solely based on their presentation in a common group without
indications to the contrary. In addition, various embodiments
and example of the present invention may be referred to
herein along with alternatives for the various components
thereof. It is understood that such embodiments, examples,
and alternatives are not to be construed as defacto equivalents
of one another, but are to be considered as separate and
autonomous representations of the present invention.

[0060] Furthermore, the described features, structures, or
characteristics may be combined in any suitable manner in
one or more embodiments. In the following description,
numerous specific details are provided, such as examples of
materials, fasteners, sizes, lengths, widths, shapes, etc., to
provide a thorough understanding of embodiments of the
invention. One skilled in the relevant art will recognize, how-
ever, that the invention can be practiced without one or more
of the specific details, or with other methods, components,
materials, etc. In other instances, well-known structures,
materials, or operations are not shown or described in detail to
avoid obscuring aspects of the invention.

[0061] While the forgoing examples are illustrative of the
principles of the present invention in one or more particular
applications, it will be apparent to those of ordinary skill in
the art that numerous modifications in form, usage and details
of'implementation can be made without the exercise of inven-
tive faculty, and without departing from the principles and
concepts of the invention. Accordingly, it is not intended that
the invention be limited, except as by the claims set forth
below.

What is claimed:

1. A node operable to control discontinuous reception
(DRX) configurations for a plurality of user equipments
(UEs), the node having computer circuitry configured to:

receive a buffer overflow message, from a serving gateway
(S-GW), indicating a potential overflow at an S-GW
buffer when downlink information that is stored at the
S-GW buffer exceeds a predetermined threshold;

select one or more UEs from the plurality of UEs according
to predefined criteria; and

modify the DRX configurations of the one or more UEs in
order to reduce the downlink information that is stored at
the S-GW buffer, thereby reducing the potential for
overflow at the S-GW buffer.

2. The computer circuitry of claim 1, wherein the downlink
information is stored at the S-GW buffer until the UEs awake
from a low power mode during a discontinuous reception
(DRX) sleep cycle.
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3. The computer circuitry of claim 1, further configured to
receive the buffer overtlow message from the S-GW via a
mobility management entity (MME).

4. The computer circuitry of claim 1, further configured to
modify the DRX configurations of the one or more UEs by
reducing a DRX sleep cycle length of the one or more UEs.

5. The computer circuitry of claim 1, further configured to
select the one or more UEs based on the predefined criteria of
a highest data rate or a longest DRX sleep cycle length in
comparison to the plurality of UEs.

6. The computer circuitry of claim 1, further configured to
modify the DRX configurations of the one or more UEs that
are in a connected mode.

7. The computer circuitry of claim 1, further configured to
modify a DRX sleep cycle length of the one or more UEs
when the UEs transition from the idle mode to the connected
mode.

8. The computer circuitry of claim 1, further configured to
prevent the one or more UEs from entering a low power mode
during a DRX sleep cycle in response to receiving the buffer
overflow message from the S-GW.

9. The computer circuitry of claim 1, further configured to
modify DRX sleep cycle lengths of the plurality of UEs in
response to receiving multiple buffer overtlow messages from
the S-GW.

10. The computer circuitry of claim 1, further configured to
reconfigure DRX sleep cycle lengths of the one or more UEs
to a previous DRX configuration in response to receiving an
indication from the S-GW that the potential for overflow at
the S-GW buffer has ended.

11. The computer circuitry of claim 1, wherein the node is
selected from a group consisting of a base station (BS), a
Node B (NB), an evolved Node B (eNB), a baseband unit
(BBU), aremote radio head (RRH), a remote radio equipment
(RRE), or a remote radio unit (RRU).

12. A Third Generation Partnership Project (3GPP) Serv-
ing Gateway (S-GW) operable to buffer downlink informa-
tion for a plurality of user equipments (UEs), the S-GW
having computer circuitry configured to:

receive the downlink information for the plurality of UEs;

store the downlink information, at an S-GW buffer, when

the plurality of UEs are in a low power mode during a
discontinuous reception (DRX) sleep cycle;

detect an overtlow potential at the S-GW buffer when the

downlink information stored at the S-GW buffer
exceeds a predetermined threshold; and

communicate a buffer overflow message indicating the

overflow potential at the S-GW buffer to an evolved
node B (eNB), wherein the buffer overflow message
instructs the eNB to modify DRX configurations asso-
ciated with one or more UEs in the plurality of UEs in
order to reduce overflow potential at the S-GW buffer.
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13. The computer circuitry of claim 12, wherein the buffer
overflow message instructs the eNB to modify a DRX sleep
cycle length of the one or more UEs in order to reduce over-
flow potential at the S-GW buffer.
14. The computer circuitry of claim 12, wherein the one or
more UEs are in a connected mode.
15. The computer circuitry of claim 12, further configured
to communicate the buffer overflow message to the eNB via a
mobility management entity (MME).
16. The computer circuitry of claim 12, wherein the plu-
rality of UEs include machine type communication (MTC)
devices.
17. The computer circuitry of claim 12, wherein the plu-
rality of UEs include an antenna, a touch sensitive display
screen, a speaker, a microphone, a graphics processor, an
application processor, internal memory, or a non-volatile
memory port.
18. A method for reducing buffer overflow at a Third Gen-
eration Partnership Project (3GPP) Serving Gateway
(S-GW), the method comprising:
receiving a buffer overflow message, at an evolved node B
(eNB) from the S-GW, indicating potential overflow of
downlink information at a S-GW buffer, wherein the
downlink information is stored at the S-GW buffer until
a plurality of user equipments (UEs) awake from a low
power mode during a discontinuous reception (DRX)
sleep cycle;
selecting one or more UEs from the plurality of UEs
according to predefined criteria, wherein the one or more
UEs are in a connected mode; and

modifying the DRX configurations of the one or more UEs
in order to reduce the downlink information that is stored
at the S-GW buffer, thereby reducing the potential for
overflow at the S-GW buffer

19. The method of claim 18, further comprising receiving
the buffer overflow message from the S-GW when the down-
link information that is stored at the S-GW buffer exceeds a
predetermined threshold.

20. The method of claim 18, further comprising receiving
the buffer overflow message from the S-GW via a mobility
management entity (MME).

21. The method of claim 18, further comprising selecting
the one or more UEs based on the predefined criteria relating
to a data rate or a DRX cycle length.

22. The method of claim 18, wherein modifying the DRX
configurations of the one or more UEs comprises reducing a
DRX sleep cycle length of the one or more UEs.

23. The method of claim 18, wherein modifying the DRX
configurations of the one or more UEs comprises preventing
the one or more UEs from entering a DRX sleep cycle.
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