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(WWAN) or wireless local area network (WLAN) based on 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 of 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] In one example, 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 for up 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] After the 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 aheader 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 IP 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. 1 is 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 managemententity (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 eMB 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 eMB 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] In one 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 



US 2016/0057044 A1 

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 set in the 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, a value 
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 timeris 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 eMB 
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 eMB 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 UEs 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 downlinkinfor 
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 eMB 
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 
or long DRX sleep cycle lengths of the 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 eMB 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 modify 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 eMB may be unable to modify 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 modify the DRX sleep cycle lengths of the one or 
more UEs that are in the connected mode. 
[0040] In an alternative 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 eMB 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 eMB may reduce the DRX sleep cycle lengths 
for the UEs from 30 seconds to 20 seconds, but if the potential 
for buffer overload has not substantially reduced, the eMB 
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] In an 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 eMB 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 eMB 
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 of the 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 eMB 
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 downlinkinformation 
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] In one 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 overflow 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 overflow 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 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. 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), a remote 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 (eVB), 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 eMB 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 
a discontinuous 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), a remote 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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3. The computer circuitry of claim 1, further configured to 
receive the buffer overflow 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 overflow 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), a remote 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 overflow 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 eMB 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 downlinkinformation 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. 


