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METHOD AND APPARATUS FOR delayed ; and determining whether the transmission time of 
DETERMINING PACKET TRANSMISSION the present packet will be delayed according to the calcu 

TIME USING POWER GAIN DUE TO lated power gain . 
PACKET TRANSMISSION DELAY In accordance with another aspect of the present disclo 

5 sure , there is provided an apparatus for determining a 
RELATED APPLICATION ( S ) transmission time of a packet , the apparatus including : a 

controller that , if a request for transmission of a present 
This application claims the priority under 35 U . S . C . § packet from at least one application through a transceiver is 

119 ( a ) to Korean Application Serial No . 10 - 2014 - 0116059 , detected , identify whether it is possible to delay the trans 
which was filed in the Korean Intellectual Property Office on 10 mission time of the present packet ; and a determination unit 
Sep . 2 , 2014 , the entire content of which is hereby incor - that , when it is possible to delay a transmission time of the 
porated by reference . present packet according to an instruction of the controller , 

calculates a power gain generated as the transmission time 
BACKGROUND of the present packet is delayed and determining whether the 

15 transmission time of the present packet will be delayed 
The present disclosure relates to a method and an appa 

ratus for predicting a power gain generated due to a packet A ccording to the embodiment of the present disclosure , a 
transmission delay and determining a packet transmission mobile device predicts a power gain due to a packet trans 
time using the predicted power gain by a mobile device . mission delay based on the state of a modem and a net 

FIG . 1 is a view illustrating the state of a modem of a 20 working pattern of an application , and performs a packet 
general mobile device . Here , for the convenience of descrip - transmission delay only when it is predicted that a power 
tion , an example in which the mobile device is a Long Term gain is generated due to the packet transmission delay , 
Evolution ( LTE ) device will be described . However , the thereby reducing power consumption in a modem of the 
embodiment of the present disclosure may be applied to mobile device . 
communication devices , to which a delay time for the 25 
following state transition may be applied . BRIEF DESCRIPTION OF THE DRAWINGS 

Referring to FIG . 1 , in an idle situation in which packets 
are neither transmitted nor received , a modem of the mobile The above and other aspects , features , and advantages of 
device stays in a Radio Resource Control ( RRC ) IDLE state the present disclosure will be more apparent from the 
100 , in which a communication channel with a cellular 30 following detailed description taken in conjunction with the 
network is released . Furthermore , in order to transmit and accompanying drawings , in which : 
receive the packet , the state of the modem is transitioned 105 FIG . 1 is a view illustrating a state of a modem of a 
to an RRC _ CONNECTED state 110 that has a communi - general mobile device ; 
cation channel with a cellular network . During the transition FIG . 2 is an exemplary graph illustrating power consump 
105 , a considerable power overhead is generated . In order to 35 tion in a model of a general mobile device ; 
prevent this , the modem in the RRC _ CONNECTED state FIG . 3A is a view illustrating an example of a general 
110 is delayed for a predetermined time period until the packet transmission delay ; 
modem is transitioned 120 to the RRC _ IDLE state 100 after FIG . 3B is a view illustrating another example of a 
the transmission / reception of the packet is completed . The general packet transmission delay ; FIG . 3C is a view illus 
predetermined time period is generally called a tail time . If 40 trating another example of a general packet transmission 
packets are not successively transmitted or received within delay ; 
the tail time , a lot of power is wasted . FIG . 3C is a view illustrating another example of a 

In order to prevent the waste , when a request for the general packet transmission delay ; 
transmission of a packet that may be transmission - delayed is FIG . 4A is a view illustrating an example of calculating a 
generated , the mobile device delays the transmission of the 45 power gain generated when a model in an RRC - CON 
packet and transmits the packet together with another packet NECTED state undergoes a packet transmission delay 
generated after in order to use a technique for reducing the according to an embodiment of the present disclosure ; 
power that is consumed by the modem . However , when the FIG . 4B is a view illustrating an example of calculating a 
packet transmission delay is used , power may be wasted due power gain generated when a modem in an RRC _ IDLE state 
to the transmission delay of the corresponding packet . 50 undergoes a packet transmission delay according to an 

embodiment of the present disclosure ; 
SUMMARY FIG . 5 is an example of a flowchart of an overall operation 

of calculating a power gain when the transmission of a 
The present disclosure suggests a method and an appa packet is delayed and of scheduling a transmission time of 

ratus for modeling a power gain Pain due to a packet 55 the packet based on the calculated power gain ; 
transmission delay in consideration of a modem state of a FIG . 6 is an example of a configuration of a mobile device 
mobile device , and determining a packet transmission time according to an embodiment of the present disclosure ; and 
based on a predicted power gain . FIG . 7 is a graph obtained by comparing power gains of 

In accordance with an aspect of the present disclosure , a general packet transmission delay and a packet transmis 
there is provided a method of determining a transmission 60 sion delay according to the embodiment of the present 
time of a packet in a mobile device , the method including : disclosure . 
if a request for the transmission of a present packet from at 
least one operated application is detected , identifying DETAILED DESCRIPTION 
whether it is possible to delay a transmission time of the 
present packet ; when it is possible to delay the transmission 65 Hereinafter , operation principles of exemplary embodi 
time of the present packet , calculating a power gain gener - ments of the present disclosure will be described in detail 
ated as the transmission time of the present packet is with reference to accompanying drawings . Like reference 
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numerals designate like components in the drawings where FIG . 3A is a view illustrating an example of a general 
possible even though components are shown in different packet transmission delay . 
drawings . In the following description of the present dis - Referring to FIG . 3A , a case in which a period at which 
closure , a detailed description of related known functions or a packet requested to be transmitted by a modem is constant . 
configurations will be omitted so as not to obscure the 5 In this example , a previous packet Pprey is generated at a time 
subject of the present disclosure . The terms which will be 300 of t = 0 , a current packet pc is generated at a time t , 302 
described below are terms defined in consideration of the before the tail time of Pprey ends , and a next packet Pnext is 
functions in the present disclosure , and may be different generated at a time t , ' 304 before the tail time of the p . ends . 
according to users , intentions of the users , or customs . In this case , assume that the generation time of the corre 
An RRC _ CONNECTED state of a modem in a general - 10 sponding packet has the same interval from the generation 

mobile device may be classified , in detail , into three sub time of a previous packet . 
Furthermore , p . may be a packet that is transmission states as illustrated in FIG . 1 . Referring to FIG . 1 , the delayed . The powers at time 300 ( t = 0 ) , time t , 302 , and time RRC _ CONNECTED state 110 includes a Continuous t , ' 304 represent power consumptions during the tail time Reception ( CRX ) sub - state 112 that substantially performs 115 generated after the transmission of the corresponding the transmission and reception of packets , a short Discon packet . In this case , the power generated due to the tail time tinuous Reception ( DRX ) sub - state 114 that performs dis of the pe at a time section 306 corresponding to time t , 302 continuous reception of packets at a predetermined period , and time t , ' 304 is reduced by transmitting the p . and the and a long DRX sub - state 116 that performs the discontinu Pnext together at time t , ' 304 after transmission - delaying the ous reception of packets at a period longer than that of the 2 le 20 Pe to time t , ' 304 corresponding to the transmission time of short DRX 114 state . the next packet Proxy by the modem . FIG . 2 is an exemplary graph illustrating power consump FIG . 3B is a view illustrating another example of a 

tion in a model of a general mobile device . For convenience general packet transmission delay . of description , FIG . 2 will be described with reference to a Referring to FIG . 3B , a case in which a period at which 
state of the modem of FIG . 1 . 25 a packet requested to be transmitted by the modem is not Referring to FIG . 2 , assume that transmission and recep constant . As a detailed example , a previous packet Pprey is tion of a packet p is generated in a time point of “ t = 0 ' in a generated at a time of t = 0 , a current packet p . is generated modem of a mobile device in the RRC CONNECTED state at a time t , before the tail time of Pprey ends , and the next 110 . In this case , if a packet , which will be transmitted and packet Pnext is generated at a time t , ' 304 a predetermined received , is not generated for a predetermined amount of | 30 time period after the tail time of p , ends . That is , the lengths time trpy 200 , the CRX sub - state 112 is transited to the short of a time section 310 from a generation time of pprey to a DRX sub - state 114 in step 113 . Atory is generally defined time when the pc is generated and a time section 312 from as a time period for which a packet stays in a CRX state ( e . g . , a generation time of the p , and a generation time of the pnext 
the CRX sub - state 112 ) when a corresponding modem is in are different . That is , in the corresponding application , the an idle state . Thereafter , if a packet , which will be trans generation time of a packet is so irregular that it is difficult mitted and received by the modem corresponding to the to predict an accurate transmission generation time . In this short DRX sub - state 114 , is not generated for a predeter case , the modem wrongly predicts the t ' corresponding to a 
mined amount of time tsprx 202 , the short DRX sub - state generation time of the Pnext or reaches a maximum delay 114 is transitioned to the Long DRX sub - state 116 in step limit of the p . to transmit the peat time t , 314 located before 115 again . A tsprX is generally defined as a time period in an the 100 in 40 the time t , ' after transmission - delaying the pe . Then , as the which the modem in an idle state stays in a short DRX state transmission is delayed from an existing transmission time ( e . g . , the short DRX sub - state 114 ) . Finally , if a packet that of the p . but the transmission - delayed time t , 314 does not will be transmitted and received is not generated by the coincide with a generation time of the Pnert power con modem in the Long DRX sub - state 116 for a predetermined sumption is generated due to the tail time for the p in a time amount of time tlprx 204 , the state of the modem is 45 section from time ty 314 to time t , ' . In this case , when a transitioned to the RRC _ IDLE state 100 for minimizing power corresponding to the difference between the total power consumption in step 120 . Atzory is generally defined power before the transmission is delayed and the total power as a time period in which a packet stays in a long DRX state after the transmission is delayed , which is a hatched segment when a modem is in an idle state . A , and the power corresponding to the difference between 
As a result , a tail time as described above is consumed 50 the total power after the transmission is delayed and the total while the modem in the RRC _ CONNECTED state 110 is power before the transmission is delayed , which is a hatched transitioned to the RRC IDLE 110 state . The tail time , segment B , are compared , a situation may occur in which the 

known as ttail , is a total sum of the transition times of the hatched B is larger . Accordingly , the power consumption 
above - described states , and is calculated in Equation 1 . may increase through the transmission delay . 

55 FIG . 3C is a view illustrating another example of a 
trail = tcrxttsprX + ILDRY general packet transmission delay . 

As illustrated in FIG . 2 , corresponding powers are con - Referring to FIG . 3C , another example in which a period 
sumed for the sub - states while the modem is transitioned at which a packet requested to be transmitted by the modem 
from the RRC _ CONNECTED state 110 to the RRC _ IDLE is not constant , as is illustrated in FIG . 3B . In this case , 
state 100 . It is set such that a power PCRY consumed in the 60 because it is difficult to precisely predict time t , ' that 
modem in the CRX section is higher than a power PSDRY corresponds to the generation time of the prexto P . may be 
consumed in the short DRX section , and a power PLDRY transmitted after being transmission - delayed to time to 
consumed in the long DRX section is lower than the PSDRY located before time t , ' . Then , as a transmission is delayed 
Accordingly , a packet transmission delay method for pre - from an existing transmission time of the p . but the trans 
venting power generated at a tail time at which the modem 65 mission - delayed time t , does not coincide with the genera 
is transitioned from the RRC _ CONNECTED 110 state to the tion time of the Pnext , power consumption is generated due 
RRC IDLE 100 state is introduced . to the tail time for the p in a time section from time t , 314 

< Equation 1 > 
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gain 

to time t , ' . In this case , when power corresponding to the example , assume that Application A transmits and receives 
difference between the total power before the transmission is packets to and from a server at a time interval of 30 seconds 
delayed and the total power after the transmission is delayed , for a predetermined time period . Then , if it is assumed that 
which is a hatched segment C , and a power corresponding packets are exchanged with the server before 10 seconds 
to the difference between the total power after the transmis - 5 while the current application A is operated , and the modem 
sion is delayed and the total power before the transmission may predict that the next packet will be transmitted and 
is delayed , to which a hatched segment D are compared , a received after 20 seconds . 
situation may occur in which the hatched segment D is Calculate a Power Gain Pgain Generated when a Packet 
larger . Accordingly , it can be seen that power consumption Transmission Delay is Applied 
increases through a transmission delay . 10 A power gain P gain when a transmission delay is applied 

Accordingly , hereinafter , in the embodiment of the pres - to a corresponding packet based on a predicted result 
ent disclosure , if a packet that is requested to be transmitted according to the embodiment of the present disclosure may 
by the modem of the mobile device is generated , a power be defined as in Equation 2 . 
gain model that may be generated when a transmission delay Pgain = ( Power consumption when a transmission 
is applied to the generated packet is modeled . Transmission 15 delay is not applied to the corresponding 
times of the corresponding packets are scheduled by reflect packet ) - ( power consumption when a transmis 

tion 2 > ing the modeled result . In detail , only when the modeled sion delay is applied to the packet ) 
power gain is a positive number , a transmission delay is The modem , according to the embodiment of the present 
applied to the corresponding packet . When the modeled disclosure , calculates Pin according to a total of nine 
power gain is o or less , the packet is transmitted at an 20 embodiments based on a result obtained by predicting the 
existing transmission time without applying a transmission current state and the following state at the transmission 
delay to the corresponding packet . request time of the corresponding packet . First , the current 

In detail , the embodiment of the present disclosure largely state of the modem is classified into an RRC _ CONNECTED 
includes three parts . First , the current state and the following state and an RRC IDLE state . 
state change of the modem of the mobile device are pre - 25 FIG . 4A is a view illustrating an example of calculating a 
dicted . Second , a power gain that may be generated when a power gain generated when a model in an RRC - CON 
packet transmission delay is applied is calculated using the NECTED state ( e . g . , the RRC - CONNECTED state 110 of 
predicted result . Finally , a transmission time of the corre - FIG . 1 ) undergoes a packet transmission delay according to 
sponding packet is scheduled according to the result value of an embodiment of the present disclosure . 
the calculated power gain . 30 Referring to FIG . 4A , a power gain generated when a 
Predict the Current State and the Following State Change of packet transmission delay of a modem is generated may be 
the Modem classified into five cases and then calculated . 

Hereinafter , in the embodiment of the present disclosure , Case 1 - 1 is a case ( t _ ( pc ) < t , ' ( Pnext ) < t ( pprey ) + ttail ) in which 
in order to predict the current state of the modem of the the transmission request time t , ' of the next packet pnext is 
mobile device , a transmission / reception time of the packet 35 generated in a time section from a transmission request time 
that has been transmitted and received most recently by the t , 400 of the current packet p , and a transmission time t , of 
modem may be used . That is , the modem , according to the the previous packet Pprey to t tail time trait 402 . In this case , 
embodiment of the present disclosure , drives a state change if a power gain according to Equation 2 is calculated , Po 
timer that has a delay time for state transition from a is a ways greater than 0 and thus a packet transmission delay 
transmission / reception time of the packet that was transmit - 40 may be applied . 
ted and received most finally to sub - states of the above Case 1 - 2 is a case ( t ( Pprev ) + ttailt , ' ( Pnext ) < t , ( pc ) + tail ) in 
described RRC _ CONNECTED , that is , a driving time cor - which a transmission request time t , ' of the next packet Pnext 
responding to try toDry , and try . Further , the current is generated in a time section from a time when the previous 
state may be determined by checking whether a driving time packet Pprev ends to a time when the trail 404 of the current 
of the corresponding state change timer elapses from the 45 packet pc ends . In this case , the Pgain according to Equation 
transmission / reception time of the packet that was transmit - 2 is calculated as in Equation 3 . 

rttail ( Equation 3 ) 
Pgain = Cail tail 

Ptail ( t ) dt Poil ( ) dt + Proi ( t ) dt – PPM 
Itr ( Pc ) - rx ( Pprev ) 1 ( Pnext ) - tr ( pc ) 

( pc ) - tx ( Pprev ) ( Pnext ) - tr ( Pc ) Nail 
Pfail ( t ) dt + Pfail ( t ) dt - Ptail ( t ) dt – PPM 

JO Jo 

55 
ted and received most recently or a time corresponding to the Here , Ppy represents power generated when the modem is 
current state of the corresponding modem . When the corre transited from the RRC _ CONNECTED to the RRC _ IDLE . sponding modem provides an interface that informs the RRC 
state according to another embodiment of the present dis Case 1 - 3 is a case ( t _ ( Pc ) + ttailst , ' ( Pnexe ) < tdp . ) ) in which 
closure , the current state of the modem may be acquired 60 the transmission request time ty of the next packet Pnext 18 
using the interface . generated in a time section from a time when the trail 404 of 

The following state change of the modem may be pre the current packet pc ends to a maximum delay allowable 
dicted using networking patterns for the applications cur - time t , 406 when a packet transmission delay may be applied 
rently operated in the modem . That is , a networking pattern to the current packet pe . In this case , the Pgain according to 
of the corresponding application is detected by learning the 65 Equation 2 is calculated as in Equation 4 . 
applications for a predetermined time period , and the next 
transmission time is predicted using the detection result . For Softail Ptai ( t ) dt - Styka - 6 . ( parem , stail Prait ) dt < Equation 4 > 
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SAZN 

& UZ 

Because the Pgain of Case 1 - 3 calculated in this way applied to the corresponding packet . Furthermore , in Case 
always has a value of 0 or more , a packet transmission delay 2 - 4 , because a value of Pgain is 0 , a transmission delay is not 
may be applied . applied . 

Case 1 - 4 is a case ( tdp . ) st , ' ( Pnext ) < tdp . ) + ttail ) in which a As described above , when the power gain calculated 
transmission request time t , ' of the next packet Pnext is 5 according to Equation 2 is O or less ( PCSO ) , the modem 
generated in a time section from the maximum delay allow according to the embodiment of the present disclosure 
able time t , 406 to the trail 408 of the transmission - delayed schedules such that the corresponding packet is transmitted 
pe . In this case , the Pçain according to Equation 2 is calcu at an existing transmission time without applying a trans 
lated as in Equation 5 . mission delay to the transmission - requested packet . 

5510 Packet Scheduling Technique Seyupnexo ) - tapetail Prail ( t ) dt - Sorvper - h ( prev , tail Praiz ( t ) dt < Equation 5 > The modem according to the embodiment of the present 
Case 1 - 5 is a case ( t , ' ( Pnext ) zt ( P . ) + ttail ) in which the disclosure identifies whether a transmission delay may be 

transmission request time t , ' of the next packet Pnext is applied to a transmission - requested packet . In detail , it is 
generated after a time section corresponding to the trail 408 identified whether the application that delivered a request for 
of the transmission - delayed p . . In this case , the Pgain accord - 15 the transmission of a packet uses a user - interactive device , 
ing to Equation 2 is calculated as in Equation 6 . for example , a touch screen , a speaker , or a microphone . If 

- Vorporal preu tail Ptaill ) dt + Ppm ] < Equation 6 > the application uses a user - interactive device , the C the application uses a user - interactive device , the corre 
sponding packet may be determined to be a packet of which As described above , the Pgain calculated for Case 1 - 5 transmission cannot be delayed . For example , a sound always has a value of 0 or less . Accordingly , because power 20 source providing application that is being reproduced in a is rather wasted when a packet transmission delay is applied web browser that occupies the screen of a smartphone or the in the situation of Case 1 - 5 , a packet transmission delay is background may be included . If the application does not use not applied in the embodiment of the present disclosure . a user - interactive device , the corresponding packet may be FIG . 4B is a view illustrating an example of calculating a determined as a packet of which transmission delay may be power gain generated when a modem in an RRC _ IDLE state 25 applied . 

undergoes a packet transmission delay according to an in the identification result when the packet cannot be 
embodiment of the present disclosure . transmission - delayed , the modem , according to the embodi Referring to FIG . 4B , a power gain generated when the ment of the present disclosure , schedules such that the transmission of a packet by a modem is delayed may be packet is transmitted at a transmission request time of the classified into four cases and calculated . 30 corresponding packet without delaying the transmission of Case 2 - 1 is a case ( t , ( p . ) < t , ' ( Pnext ) < t , ( Pc ) + ttail ) in which the packet . the transmission request time t , ' of the next packet Pnext is Further , in the identification result , if the transmission generated in a time section from a transmission request time request packet is a packet that may be transmission - delayed , t , 400 of the current packet p . to a time when the trail 404 of Pgain due to a delay of transmission of the packet is calcu the pc ends , and the Pgain according to Equation 2 is 25 1S 35 lated . Furthermore , only when the calculated Psain value is 
calculated as in Equation 7 . In this case , the calculated pgain 0 or more , transmission of the packet is delayed . 
always has a value of 0 or more . Furthermore , according to the embodiment of the present 

Sopnext ) - tr ( PC ) Ptai ( t ) dt < Equation 72 disclosure , when it is determined that a transmission delay 
Case 2 - 2 is a case ( t , ( P . ) + ttailst , ' ( Pnext ) < t . ( P . ) ) in which is applied to the corresponding packet , it is identified 

the transmission request time t , ' of the next packet Pnext is * is 40 whether there are present packets to which a transmission 
generated in a time section from a time when the trail 404 of delay is already applied . If the transmission - delayed packets 
the current packet pc ends to a maximum delay allowable are present , packets present when the current packet is 
timet , 406 when a packet transmission delay may be applied transmission - delayed are transmitted together . 

FIG . 5 is an example of a flowchart of an overall operation to the current packet pe , and the Pgain according to Equation 
2 is calculated as in Equation 8 . În this case , the calculated 45 of calculating a power gain when the transmission of a 

packet is delayed and scheduling a transmission time of the Pgain always has a value of 0 or more . packet based on the calculated power gain . 
Psprxts Rx + PLDRx ' tibRx + P PM < Equation 8 > Referring to FIG . 5 , in step 500 , the modem of the mobile 

Case 2 - 3 is a case ( t ( p ) st ' ( p . ) < t ( p ) + t . , , ) in which device monitors the currently operated applications and 
the transmission request time t ' of the next packet pois 50 identifies whether a request for the transmission of a packet 
generated in a time section from a maximum delay allow from at least one application is received . In the identification 
able time when a packet transmission delay may be applied result , if a transmission request is not received , the moni 
to the current packet p . to a time when the tit of the toring operation is performed until a request for transmission 
transmission - delayed Pe ends , and the Pgain according to 
Equation 2 is calculated as in Equation 9 . In this case , the 55 In the identification result , when a request for transmis 
calculated P gain always has a value of 0 or more . sion of a packet is received , in step 505 , the modem inspects 

whether the transmission - requested packet may be transmis StyxPnexo ) + Apoytail Ptai ( t ) dt + PPM < Equation 9 sion - delayed . 
Finally , Case 2 - 4 is a case ( t _ ' ( Pnext ) < td { P . ) + ttail ) in which In the inspection result , when the transmission - requested 

the transmission request time t , ' of the next packet prert is 60 packet cannot be transmission - delayed , the modem identi 
generated in a time section after at a time when the top of the fies whether the packets to which a transmission delay is 
pe that was transmission - delayed by a maximum delay already applied are present . If the transmission - delayed 
allowable time ty 406 ends , and the Pogin according to packets are present , the transmission - requested packets are 
Equation 2 is calculated as 0 . transmitted together with the present packets . 
As a result , because all the value of Pgain are a positive 65 In the inspection result , when the requested packet is a 

number larger than 0 in the other cases of the four embodi - packet to which a transmission delay may be applied , in step 
ments of FIG . 4B than 2 - 4 case , a transmission delay may be 515 , the modem identifies the current state to calculate a 
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power gain when the requested packet is transmission - LiveScore applications for performing broadcasting of 
delayed . In step 520 , the modem searches for matched sports letters in real time are being executed , and the 
patterns of the networking patterns of operated applications applications renew data at an interval of 60 seconds . In the 
in the system to predict the following state change . In step background , applications of BBC News , Facebook , ESPN , 
525 , the modem predicts a transmission / reception time for 5 Bloomberg , Naver Line , and a weather forecasting office are 
the next packets of the applications through the matched performed . The applications were executed for 200 minutes , 
pattern , and determines the closest time as the next packet and total power consumption was measured by Monsoon 
transmission / reception predicting time . The embodiments of Power Monitor . 
determining the next packet transmission / reception predict . As a result , the total power consumption of the smart 
ing time may be described as the cases of FIGS . 4A and 4B . 10 phone was 9 , 020 J for 200 minutes , and FIG . 7 that 

In step 530 , the modem calculates a power gain due to a represents power reduction according to a maximum delay 
transmission delay of the requested packet using the iden - allowable time of the packets that may be delayed illustrates 
tified current state of the modem and the determined next that 457 J ( 5 . 1 % ) may be reduced when the maximum delay 
packet transmission / reception predicting time . The embodi - allowable time is 43 seconds . 
ments of calculating the power gain may be described as the 15 In the embodiment of the present disclosure , a power gain 
cases of FIGS . 4A and 4B . In step 535 , the modem identifies that may be acquired when a transmission delay is generated 
whether the calculated power gain exceeds 0 . In the iden - is calculated , and a transmission delay is applied to the 
tification result , if the calculated power gain is a value of 0 corresponding packet only when the calculated power gain 
or less , the process proceeds to step 510 to immediately is a positive number . Accordingly , power damage may be 
transmit the requested packet without applying a transmis - 20 prevented as a transmission delay is applied . 
sion delay . Even in this case , if packets to which an existing Although the embodiment has been described in the 
transmission delay is applied are present , the packets are detailed description of the present disclosure , the present 
immediately transmitted together with the requested packet . disclosure may be modified in various forms without depart 

In the identification result , if the calculated power gain is ing from the scope of the present disclosure . Thus , the scope 
a positive number of 0 or more , in step 540 , the modem 25 of the present disclosure shall not be determined merely 
applies a transmission delay of the requested packet based based on the described exemplary embodiments and rather 
on the determined next packet transmission / reception time , determined based on the accompanying claims and the 
and sets a timer for the requested packet to a maximum delay equivalents thereto . 
allowable time . If a driving time of the timer set for the What is claimed is : 
requested packet expires , the requested packet is transmitted 30 1 . A method of determining a transmission time of a 
together with the packets to which the exiting packet trans - packet in a mobile device , the method comprising : 
mission delay is applied . detecting a transmission request of the packet from at 

FIG . 6 is an example of a mobile device according to the least one operated application ; 
embodiment of the present disclosure . obtaining a first power consumption amount of the packet 
Referring to FIG . 6 , a mobile device 600 includes , for 35 transmitted at the first transmission time , and a second 

example , a controller 602 , a transceiver 604 , a packet power consumption amount of the packet transmitted at 
transmission delay application determination unit 606 , and a the second transmission time ; 
power gain calculation unit 608 . The configuration of the determining a power gain by comparing the first power 
mobile device is an example , and sub - units may be inte consumption amount with the second power consump 
grated into one unit or may be classified according to an 40 tion amount ; and 
intention of the business or the embodiment . transmitting the packet at the second transmission time 

The controller 602 monitors applications that are cur delayed from the first transmission time in response to 
rently driven by the mobile device . If an application that the comparing result that first power consumption 
requests transmission of a packet through the transceiver amount is greater than the second power consumption 
604 , the controller 602 controls the packet transmission 45 amount . 
delay application determination unit 606 such that it is 2 . The method of claim 1 , wherein the second transmis 
determined whether a delay of transmission of the packet sion time is : 
may be applied . The packet transmission delay application a next transmission time of the packet , and 
determination unit 606 is operated in accordance with step wherein the next transmission time is determined based 
505 that has been described above . When the packet may be 50 on a predetermined pattern corresponding to the at least 
transmission - delayed , the controller 602 controls such that one operated application . 
the power gain calculation unit 608 calculates a power gain 3 . The method of claim 1 , further comprising : 
that may be generated when the transmission of the packet determining whether packets of which transmission times 
is delayed . The calculation operation corresponds to steps are delayed are present ; and 
525 to 530 of FIG . 5 . Then , the controller 602 determines 55 if the packets of which transmission times are delayed are 
whether the calculated power gain is a positive number , and present , transmitting the packet together with the pack 
controls the transceiver 604 such that a transmission delay is ets . 
applied to the packet using the predicted next packet trans 4 . The method of claim 1 , further comprising : 
mission / reception time . If the power gain is 0 or less , the if a transmission request time of a next packet is generated 
transceiver 604 is controlled to immediately transmit the 60 in a time interval from a transmission request time of 
packet . the packet and a transmission time of a previous packet 

FIG . 7 is a graph obtained by comparing power gains of to a predetermined time , transmitting the packet at a 
a general packet transmission delay and a packet transmis second transmission time . 
sion delay according to the embodiment of the present 5 . The method of claim 1 , further comprising : 
disclosure . 65 if a transmission request time of a next packet is generated 

Referring to FIG . 7 , it is assumed that a total of seven in a time interval from a time when a predetermined 
applications are used in the mobile device . In Foreground , time of the packet ends to a maximum delay allowable 
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time when it is possible to delay the transmission time wherein the next transmission time is determined based 
of the packet , transmitting the packet at a second on a predetermined pattern corresponding to the at least 
transmission time . one operated application . 

6 . The method of claim 1 , wherein if the comparing result 12 . The apparatus of claim 10 , wherein the controller is 
is that the first power consumption amount is less than the 5 Co he 5 configured to determine whether packets of which transmis 

sion times are delayed are present , and if the packets of second power consumption amount , transmitting the packet which transmission times are delayed are present , control at the first transmission time . the transceiver to transmit the packet together with the 7 . The method of claim 1 , further comprising : packets . 
if the comparing result is that the first power consumption 13 . The apparatus of claim 10 , wherein if transmission 
amount is less than the second power consumption request time of a next packet is generated in a time interval 
amount , determining whether packets of which trans from a transmission request time of the packet and a 
mission times are delayed are present ; and transmission time of a previous packet to a predetermined 

if the packets of which transmission times are delayed are time , the controller is configured to control the transceiver to 
present , transmitting the packet together with the pack transmit the packet at a second transmission time . 

14 . The apparatus of claim ets . 10 , wherein if transmission 
8 . The method of claim 1 , wherein request time of a next packet is generated in a time interval 
when the at least one operated application does not from a time when a predetermined time of the packet ends 

currently use a user - interactive device , determining that to a maximum delay allowable time when it is able to delay 
it is able to delay the transmission time of the packet . 20 . the transmission time of the packet , the controller is con 

9 . The method of claim 8 , wherein the user - interactive 20 figured to control the transceiver to transmit the packet at a 
device comprises at least one of a touch screen , a speaker , second transmission time . 
and a microphone . 15 . The apparatus of claim 10 , wherein if the comparing 

10 . An apparatus for determining a transmission time of result is that the first power consumption amount is less than 
a packet , the apparatus comprising : the second power consumption amount , the controller is 

a transceiver configured to transmit a packet according to 25 configured to control the transceiver to transmit the packet 
an instruction of a controller ; and at the first transmission time . 

the controller configured to detect a transmission request 16 . The apparatus of claim 10 , wherein if the comparing 
of the packet from at least one application through a result is that the first power consumption amount is less than 
transceiver , obtain a first power consumption amount of 30 the second power consumption amount , the controller is 
the packet transmitted at the first transmission time , and configured to determine whether packets of which transmis 
a second power consumption amount of the packet sion times are delayed are present , if the packets of which 

transmission times are delayed are present , control the transmitted at the second transmission time , determine transceiver to transmit the packet together with the packets . a power gain by comparing the first power consumption 
amount with the second power consumption amount , 35 17 . The apparatus of claim 10 , wherein when the at least 
and control the transceiver to transmit the packet at the one operated application does not currently use a user 
second transmission time delayed from the first trans interactive device , the controller determines that it is able to 
mission time in response to the comparing result that delay the transmission time of the packet . 
first power consumption amount is greater than the 18 . The apparatus of claim 17 , wherein the user - interac 
second power consumption amount . tive device comprises at least one of a touch screen , a 

11 . The apparatus of claim 10 , wherein the second trans - speaker , and a microphone . 
mission time is a next transmission time of the packet , and * * * * * 


