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(57) ABSTRACT 
In accordance With an example embodiment of the present 
invention, a method comprises determining a sleep cycle 
comprising a number of discontinuous reception (DRX) 
cycles at a user equipment (UE) based at least on one of a 
current available poWer level, a call setup delay interval, and 
a quality of a received paging indicator channel (PICH) sig 
nal; entering a poWer saving mode during the determined 
sleep cycle at the user equipment (UE) upon an occurrence of 
a triggering event; and Waking up from the poWer saving 
mode and checking for an active call after an occurrence of a 
second triggering event. 

20 Claims, 9 Drawing Sheets 
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METHOD AND APPARATUS FOR POWER 
CONSERVATION FORA MOBILE DEVICE IN 

IDLE MODE 

RELATED APPLICATIONS 

This application claims priority to India Application No. 
2293/CHE/2010 ?led on Aug. 10, 2010, and is incorporated 
herein by reference in its entirety. 

TECHNICAL FIELD 

The present application relates generally to an apparatus 
and a method for poWer conservation for a mobile device in 
idle mode. 

BACKGROUND 

When a user equipment (UE) is put in idle mode Where 
there is not an active radio resource control (RRC) connec 
tion, the UE may continue going through discontinuous 
reception (DRX) cycles. In each DRX cycle, the UE sleeps 
for certain amount of time determined by an associated access 
netWork such as a Universal Terrestrial Radio Access Net 
Work (UTRAN), and then Wakes up to see if there is any 
incoming call by checking the paging indicator channel 
(PICH) at a predetermined paging occasion. The DRX cycle 
goes on continuously When UE is camped on to a cell. It 
consumes energy that each time the UE Wakes up and per 
forms tasks such as monitoring for active calls, even the 
chance for receiving a call during certain time period of a day 
such as hours from mid night to early morning is very loW. 

SUMMARY 

Various aspects of the invention are set out in the claims. 
In accordance With an example embodiment of the present 

invention, a method comprises determining a sleep cycle 
comprising a number of discontinuous reception (DRX) 
cycles at a user equipment (UE) based at least on one of a 
current available poWer level, a call setup delay interval, and 
a quality of a received paging indicator channel (PICH) sig 
nal; entering a poWer saving mode during the determined 
sleep cycle at the user equipment (UE) upon an occurrence of 
a triggering event; and Waking up from the poWer saving 
mode and checking for an active call after an occurrence of a 
second triggering event. 

In accordance With an example embodiment of the present 
invention, an apparatus comprises a signal measurement unit 
con?gured to Wake up and collect a paging indicator channel 
(PICH) signal, and a paging indicator random access memory 
(RAM) buffer con?gured to store a PICH signal sample With 
a quality higher than a prede?ned threshold. The apparatus 
also comprises a control processor con?gured to determine a 
sleep cycle comprising a number of discontinuous reception 
(DRX) cycles at a user equipment (UE) based at least on one 
of a current available battery poWer level, a call setup delay 
interval, and a quality of a received paging indicator channel 
(PICH) signal; enter a poWer saving mode during the deter 
mined sleep cycle at the user equipment (U E) upon an occur 
rence of a triggering event; and Wake up from the poWer 
saving mode and checking for an active call after an occur 
rence of a second triggering event. 

BRIEF DESCRIPTION OF DRAWINGS 

For a more complete understanding of example embodi 
ments of the present invention, reference is noW made to the 
folloWing descriptions taken in connection With the accom 
panying draWings in Which: 
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2 
FIG. 1 illustrates an example Wireless system 100 that 

supports poWer saving mode operation in accordance With an 
example embodiment of the invention; 

FIG. 2 illustrates an example method for poWer saving 
operation in accordance With an example embodiment of the 
invention; and 

FIG. 3 illustrates an example sleep mode in accordance 
With an example embodiment of the invention; 

FIG. 4 illustrates an example apparatus for supporting 
poWer saving operation in accordance With an example 
embodiment of the invention; 

FIG. 5 illustrates an example algorithm for determining 
call setup delay in accordance With an example embodiment 
of the invention; 

FIG. 5a illustrates an example operation of the algorithm 
for determining call setup delay in accordance With an 
example embodiment of the invention; 

FIG. 6 illustrates an example algorithm determining call 
setup delay in accordance With an example embodiment of 
the invention; 

FIG. 7 illustrates an example user interface to support user 
manual activation and deactivation of poWer saving mode in 
accordance With an example embodiment of the invention; 
and 

FIG. 8 illustrates an example Wireless apparatus in accor 
dance With an example embodiment of the invention. 

DETAILED DESCRIPTION 

Disclosed herein are a method and an apparatus for further 
saving battery poWer When the UE is in an idle mode. The UE 
takes into account the parameter such as time of the day, and 
the number of times the paging is repeated before Waking up 
from deep sleep to monitor the paging indicator channel for 
an arrival of an incoming call. 
An example embodiment of the present invention and its 

potential advantages are best understood by referring to 
FIGS. 1 through 8 of the draWings, like numerals being used 
for like and corresponding parts of the various draWings. 

FIG. 1 illustrates an example Wireless system 100 that 
supports poWer saving mode operation in accordance With an 
example embodiment of the invention. The Wireless system 
100 includes a base station 110 such as a LTE Node B (nodeB) 
and tWo associated UEs 102 and 104. The UEs 102 and 104 
may contain a poWer saving module as illustrated in FIG. 4 
and FIG. 8 and described hereinafter and may be con?gured 
to execute a method as illustrated in FIG. 2 and described 
hereinafter. The poWer saving module of each UEs may oper 
ate independently Without any input from any other netWork 
nodes or in collaboration With the base station 110. 

In one example embodiment, the UEs 102 and 104 enter a 
sleep mode as a triggering event occurs. The triggering event 
may be an arrival of a prede?ned time period When the chance 
of receiving a call is loW, the time period such as 1 1 o’clock in 
the night. The UE 102 and UE 104 may have separate, inde 
pendent triggering events. For example, the UE 1 02 may enter 
the sleep mode at 11 pm and the UE 104 may enter the sleep 
mode at 11:30 pm. The UEs 102 and 104 may Wake up from 
the sleep mode after a prede?ned sleep cycle, check for active 
call indicator at a call indicator buffer or on a paging indicator 
channel and process the active call if there is one. The sleep 
cycle may include a prede?ned number of DRX cycles and 
the number of the DRX cycles may depend on a number of 
factors, such as a quality of the paging indicator channel, a 
current poWer level, a desired call setup delay, and the like. 
The UE 102 may have a sleep cycle that is different from that 
of the UE 104, because the factors affecting the number of 
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DRX cycles in a sleep cycle may be different. If the UE 102 
or the UE 104 detects an active call, it proceeds to processing 
the active call and the UE may go back into the power saving 
mode after the call, if there is not any other triggering event to 
interrupt the sleep cycle. 

In one example embodiment, the oWner of UE 102 may 
manually interrupt the sleep cycle and Wake up the UE 1 02 via 
a user interface menu option. In another example embodi 
ment, the base station 110 may uniformly de?ne a sleep cycle 
for all UEs Within a cell or an access netWork and send the 
sleep cycle to the UEs via broadcast or point-to-point mes 
sages. The base station 110 may decide the sleep cycle based 
on the current and past system Wide tra?ic conditions, the 
number of UEs in the cell, and other factors. Each UE such as 
the UE 102 or the UE 104 Within the cell may take the default 
sleep cycle sent from the base station 110 or override it With 
its oWn sleep cycle. 

FIG. 2 illustrates an example method 200 for poWer saving 
operations at a UE such as the UE 102 and the UE 104 of FIG. 
1. The method 200 may include deciding a length of a sleep 
cycle at block 202, entering a poWer- saving mode upon occur 
rence of a triggering event at block 204, and Waking up from 
the sleep mode upon occurrence of another triggering event at 
block 206. The method 200 may also include checking for 
positive paging indicator at block 208 and setting up a call if 
a positive paging indicator is detected. The method 200 may 
also include collecting PICH signal samples at block 222, 
obtaining quality measurements of PICH signal samples at 
block 224 and updating a stored paging indicator in a random 
access memory (RAM) buffer at block 226. 

In one example embodiment, deciding the length of the 
sleep cycle at block 202 may include deciding on a number 
DRX cycles included Within the sleep cycle based on factors 
such as a current battery poWer level, a measured quality of 
received PICH signals, and a call setup delay. In one example 
embodiment, if the current available battery poWer level is 
high, the poWer saving strategy may be less aggressive. On 
the other hand, if the available poWer level is loWer than a 
threshold point, a more aggressive poWer saving strategy may 
be adopted to enter the poWer-saving mode sooner and the 
sleep cycles may be longer than Would otherWise. In one 
example embodiment, the measured quality of PICH signals 
may also be taken into consideration for deciding the length 
of the sleep cycle. For example, if the measured quality of the 
PICH signal is poor, the poWer saving strategy may be less 
aggressive and sleep cycle shorter so that the UE may Wake up 
more frequently to check PICH to avoid missing an active call 
due to a poor quality of signal transmissions. 

In one example embodiment, deciding the length of the 
sleep cycle at block 202 may include taking into consider 
ation the call setup delay. For example, if the desired call 
setup delay is shorter than normal, the poWer saving strategy 
may be less aggressive and sleep cycle may be shorter in order 
to accommodate a shorter call-setup delay. The call setup 
delay may set an upper bound on the DRX cycles, if the 
perceived delay by the user in receiving a call is to be mini 
miZed. If there is a need, the length of the sleep may be set in 
such a Way that the UE Wakes up at every DRX cycle as in 
busy mode of operation of the UE during day time. 

In one example embodiment, deciding the length of the 
sleep cycle at block 202 may also include taking into consid 
eration the past history of sample signals. For example, if the 
UE received a string of high quality PICH signals for a mini 
mum duration continuously in the past, the number of DRX 
cycles in the sleep cycle may be set higher for a deep sleep to 
further save battery poWer. In addition, the mobility of the UE 
may also be considered. During off-peak night time UE likely 
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4 
remains stationary, if the UE continues getting good signal for 
a minimum number of DRX cycles, and if total number of 
DRX cycles in the sleep cycle is less than a limit (in terms of 
time duration), the quality of the doWnlink signal may likely 
not change much in next DRX cycle. So if these conditions 
are satis?ed and paging indicator is repeated a minimum 
number of times such as three times, the UE may enter a deep 
sleep mode and sWitch off everything to further conserve 
poWer. 

In one example embodiment, a base station such as the 
nodeB 110 of FIG. 1 may decide a sleep cycle for poWer 
saving operation and decide the number of DRX cycles on an 
access netWork Wide or cell Wide basis. The base station may 
send to all UEs in the access netWork or the cell a length of the 
sleep cycle via a system information block (SIB) message. In 
this case, a UE may either adopt the cell-Wide length of the 
sleep cycle or override the default sleep cycle With its oWn. In 
the former case, the consideration of poWer level, measured 
quality of PICH signal and call setup delay may be skipped. 

In one example embodiment, entering the poWer saving 
mode at block 204 may include entering the poWer saving 
mode upon occurrence of a triggering event. The triggering 
event may include an arrival of a time of a day such as night 
time When the chance of receiving a call is very loW. The 
triggering events may also include a loW battery level of the 
UE and a manual activation of poWer saving mode by a user 
via a user interface such as the one shoWn in FIG. 7. In one 

example embodiment, entering the poWer saving mode at 
block 204 may include entering one of different levels of 
poWer saving mode. For example, in a deep poWer saving 
mode, all processing modules may be turned off to conserve 
more poWer. In a medium level of poWer saving mode, all 
processing modules except for some essential units such as a 
PICH signal unit may be shut doWn. 

In one example embodiment, Waking up from the poWer 
saving mode at block 206 may include Waking up from the 
poWer saving mode upon occurrence of another triggering 
event. The triggering event may be one of an expiration of the 
sleep cycle With a prede?ned number of DRX cycles, and a 
manual interruption of the poWer saving mode. The number 
of DRX cycles Within a sleep cycle may be set according to 
the factors described above at block 202 or may be set manu 
ally by the user according to a need to overWrite the prede 
termined DRX cycles. In addition, a user may also interrupt 
the sleep cycle on a need basis. For example, in middle of a 
night, a user may have the UE enter the active mode in 
anticipation of a conference call from a different time Zone. 

In one example embodiment, checking for positive paging 
indicator at block 208 may include checking the PICH chan 
nel to see if any active call indicator arrives at that moment. In 
another embodiment, checking for positive paging indicator 
at block 208 may also include checking a RAM buffer that 
may store the latest positive paging indicator. Multiple posi 
tive paging indicators may be sent from a base station in an 
attempt to establish a call and only the latest indicator With a 
quality higher than a threshold may be stored in the RAM 
buffer. If checking for the positive call indicator at block 208 
yields a positive result, processing active call at block 210 
may include proceeding to establishing a connection for the 
call and processing the call to its completion. The processing 
active call at block 210 may also include entering the sleep 
mode once the active call is processed to completion if there 
is not any neW triggering event that has occurred during the 
call processing to interrupt the poWer saving mode. 

In one example embodiment, collecting PICH signal 
samples at block 222 may include Waking up at each of DRX 
cycles andperforming a quick PICH signal sample collection. 
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The sample collection may be performed by a small portion of 
the UE With minimal poWer consumption in part because the 
task of collecting radio signal sample is simple With little 
complication of additional tasks. Sample collection may be 
performed independently from Waking up from the poWer 
saving mode to check for the positive call indicator, partially 
because collecting radio signal sample such a PICH single is 
relatively simple and short. Collecting the PICH signal 
samples at block 222 may also include putting the collected 
samples into a RAM storage for subsequent processing. 
Depending on time of the day, either one or multiple collected 
PICH signal samples may be put in the RAM storage. During 
the day time, multiple PICH signal samples may be stored to 
increase the reliability. During the night time, a single PICH 
signal sample may be suf?cient. 

In one example embodiment, obtaining quality measure 
ments on PICH signal at block 224 may include taking mea 
surement as the PICH signal is collected Without ?rst storing 
the PICH signals. In an alternative embodiment, obtaining 
quality measurements on PICH signals at block 224 may 
include taking collected radio signal samples from the RAM 
storage and take measurements of the signal samples. Obtain 
ing quality measurements of the collected PICH signal 
samples at block 224 may also include aggregating multiple 
radio signals of the collected samples over previous DRX 
periods and averaging them out to obtain a collective quality 
measurement. The obtained quality measurements of the 
PICH signals may be fed into the step of deciding the length 
of sleep cycle at block 202 for deciding the length of the sleep 
cycle. More details on obtaining quality of PICH signals may 
be found in FIG. 6 and described hereafter. 

In one example embodiment, if PICH signal quality is high 
and a paging indicator is tested negative, it may mean that the 
paging indicator has not been transmitted in that DRX cycle 
and a positive paging indicator had not been transmitted in the 
previous (N-l) DRX cycle. If the UE misses a paging indi 
cator, the paging indicator Would be repeated N times by the 
base station. Hence if the paging indicator is tested negative at 
a particular DRX cycle When the PICH quality is high, the 
paging indicator information is believed to be reliable. If the 
positive paging indicator has been transmitted in the past 
(N-l) DRX cycles, the paging indicator should be positive at 
the current DRX cycle. 

In one example embodiment, if the PICH quality is beloW 
a prede?ned threshold, the paging indicator information may 
not be as reliable as otherWise. If the paging indictor is tested 
positive in this case, the UE may contact the associated net 
Work to set up call to avoid any chance of missing the call due 
to poor PICH quality. If the paging indicator is tested nega 
tive, it may not be ascertained Whether the paging indicator is 
actually negative or an erroneous indicator due to the poor 
quality of PICH signals. Thus in one example embodiment, 
When the PICH signal quality goes beloW a prede?ned thresh 
old and the paging indicator is positive, a cell reselection may 
be initiated to obtain a better-quality PICH signal. In another 
example embodiment, if the PICH signal quality is loW, and 
the paging indicator is negative, the reselection may be initi 
ated regardless. In another embodiment, the decision of rese 
lection may depend on an accumulative count of times When 
the loW-quality PICH signals are received over a number of 
times the paging indicator is repeated. 

In one example embodiment, updating the RAM paging 
indicator at block 226 may include updating the positive call 
indicator buffer according to the quality of the received call 
indicator. If the quality of the collected call indicator is better 
than a threshold value and the buffer is empty, the collected 
call indicator is stored. Otherwise, the stored call indicator in 
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6 
the RAM buffer is retained. The updated paging indicator 
stored in the RAM buffer may be used for checking for 
positive call indicator at block 208. 

In one example embodiment, the method 200 may be 
implemented at the UE 102 and the UE 104 of FIG. 1 or by the 
apparatus 800 of FIG. 8. The method 200 is for illustration 
only and the steps of the method 200 may be combined, 
divided, or executed in a different order than illustrated, With 
out departing from the scope of the invention of this example 
embodiment. 

FIG. 3 illustrates example poWer saving mode 300 for a UE 
in accordance With an example embodiment of the invention. 
The example poWer saving mode 300 may include a sleep 
cycle 302 and the sleep cycle 302 may include N DRX cycles 
numbered 30411 through 30411. An associatedbase station may 
repeat a paging indicator once a DRX cycle and the UE in the 
poWer saving mode 300 may Wake up once each sleep cycle, 
or N DRX cycles to check for the paging indicator for an 
active call. The length of each DRX cycle is determined by the 
base station and is knoWn to each UE via a standard protocol. 
The length of the sleep cycle, or N DRX cycles is determined 
by the method as described above in the description of FIG. 2. 

FIG. 4 illustrates an example apparatus 400 for supporting 
poWer saving mode operation in accordance With an example 
embodiment of the invention. The example apparatus 400 
may include a radio signal measurement unit 402, a paging 
indicator (PI) RAM buffer 404, a PICH signal quality mea 
surement unit 406 and a control processor 408. 

In one example embodiment, the radio signal measurement 
unit 402 is con?gured to received doWnlink signals and a 
default PICH signal transmission poWer level, Wake up at 
each DRX cycle, collect PICH signal samples on the PICH 
channel and pass the collected signal samples to the PICH 
signal quality measurement unit 406. The PICH signal quality 
measurement unit 406 may be con?gured to estimate PICH 
signal poWer level based on the received signal code poWer 
(RSCP) of the common pilot channel (CPICH) and a default 
PICH transmission poWer Which may be con?gured by the 
netWork side and passed to the radio signal measurement unit 
402 from a higher netWork layer. The PICH signal quality 
measurement unit 406 may be further con?gured to estimate 
a doWnlink signal quality. If the signal quality is higher than 
a prede?ned threshold, the PICH signal quality measurement 
unit 406 may be con?gured to store the signal into a PICH 
signal sample buffer maintained Within the PICH signal qual 
ity measurement unit 406 if the buffer is empty. The signal 
sample data in the PICH signal quality unit 406 may not be 
processed or decoded immediately. Actual processing task 
may include applying a different channeliZation code such as 
an Orthogonal Variable Spreading Factor (OVSF) code With a 
correlation algorithm to extract PICH data from a signal 
channel. In the subsequent DRX cycles, if the quality of the 
received PICH signal is higher than a prede?ned threshold 
value, the stored PICH signal sample may be maintained. 
Also When one complete sleep cycle period reaches the end of 
a call setup delay period, the signal samples stored in the 
sample RAM buffer are ?ushed because the stored signal 
samples may become stale. 

In one example embodiment, if there is a positive call 
indicator on the PICH channel, the paging indicator is 
received by the radio signal measurement unit 402 and stored 
in the paging indicator RAM buffer 404. The control proces 
sor 408 is con?gured to detect a triggering event such as an 
expiration of a sleep cycle and Wake up and check for the 
active call in the in paging indicator RAM buffer 404 When a 
triggering event is detected. If there is an active paging indi 
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cator, the control process 408 is con?gured to process the 
active call in coordination With other modules of the UE. 

In one embodiment, the control processor 408 or the PICH 
signal quality measurement unit 406 may be con?gured to 
maintain a counter to keep track of the number of times the 
PICH quality value goes above a de?ned threshold, and reset 
the counter to Zero When the control processor 408 Wakes up 
to end the current sleep cycle. If the UE receives PICH signal 
With quality lesser than a threshold value in any of the DRX 
cycles of the sleep cycle, the control processor 408 may be 
interrupted in the DRX cycle to facilitate the reselection to get 
a good-quality channel. On the other hand, When the PICH 
signal quality in the previous DRX cycle Was high and the 
PICH signal quality in the immediately subsequent DRX 
cycle is also high, the control processor 408 is not interrupted 
from the poWer saving mode. In one embodiment, the tWo 
variables may be maintained at the UE, such as a current 
signal quality and a previous signal quality, to keep track of 
the current and previous DRX cycle signal quality. These tWo 
variables may be set to a binary value such as high or loW to 
simplify the counter operation. As described above, the cen 
tral processor 408 may be con?gured to check only one PICH 
frame With minimal poWer consumption if the signal is of a 
quality higher than a threshold While in the poWer saving 
mode. In one example embodiment, the control processor 408 
is a layer-l protocol processor. 

FIG. 5 illustrates an example algorithm 500 for determin 
ing call setup delay in accordance With an example embodi 
ment of the invention. In one example embodiment, accord 
ing to the example algorithm 500, the call set up delay may be 
set to a maximum call setup delay possible if the current time 
is Within the designated poWer saving interval and if there is 
no manual deactivation of the poWer saving mode. The maxi 
mum call setup delay may be determined based on a maxi 
mum delay tolerance level that the user may have. In case that 
the current battery level is beloW a predetermined threshold 
value, the call setup delay may be set to the maximum call 
setup delay to conserve the poWer. Otherwise, if the current 
battery poWer level is above the threshold value, the call setup 
delay may be set according to actual available poWer level. If 
the current time is outside the poWer saving time interval, a 
normal DRX cycle is folloWed and the UE may Wake up at 
each DRX cycle to check for an active call indicator. The call 
setup delay may be used to determine the number of DRX 
cycles betWeen tWo consecutive UE Wakeups. 

The algorithm 500 is for illustration only and it may be 
extended to accommodate other situation Without departing 
from this invention. For example, if there is a need, the algo 
rithm may be extended to time intervals of the day other than 
the poWer-saving interval during night time. The current 
available battery level is taken into account because operation 
and saving requirements of the UE may change depending on 
the battery voltage level. The step of determining the param 
eter “call setup delay” from battery voltage may be performed 
via a table lookup method. 

FIG. 5a shoWs an example operation 50011 of the algorithm 
500 for setting call setup delay. In the example operation 
50011, the call setup delay duration includes 4 DRX cycles. At 
the beginning of the ?rst DRX cycle X labeled 522, because 
the quality of the received signal is higher than a threshold, 
the stored signal in the RAM buffer is overWritten and the 
control processor is not interrupted. At the beginning of the 
DRX cycle X+l labeled 524, the received signal quality is 
higher than the threshold and the store high quality signal 
obtained at the DRX cycle X is overWritten and the control 
processor remains uninterrupted. In a similar fashion, during 
the subsequent DRX cycles 526, 528 and 530, the received 
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8 
PICH signal With a quality higher than a threshold is retrained 
in the buffer at the end of each DRX cycles. The control 
processor may check only the paging indicator channel for 
the current DRX cycle. Since the quality of the received 
signals remained high during the call setup delay, the UE 
Wakes up at the end of the DRX cycle X+4 to process any 
positive call indicator if one is available. 

FIG. 6 illustrates an example algorithm 600 for determin 
ing a call setup delay in accordance With an example embodi 
ment of the invention. The example algorithm itself is self 
explanatory and may be one of different Ways to determine a 
call set up delay, based on the quality of the received PI 
indicator for the current and previous DRX cycles. 

In one example embodiment, the algorithm 500 and the 
algorithm 600 may be implemented by the example apparatus 
400. The algorithms are for illustration only and the steps of 
each of the algorithms may be combined, divided, or executed 
in a different order than illustrated, Without departing from 
the scope of the invention of this example embodiment. 

FIG. 7 illustrates an example user interface 700 to support 
user manual activation and deactivation of poWer saving 
mode in accordance With an example embodiment of the 
invention. The example user interface 700 may include a 
menu 702 for operation modes and a submenu 710 for poWer 
saving operation mode. The menu 702 may include a menu 
item poWer_saving 704 among other menu items such as 
Silent, General, Of?ce and Offline. The sub-menu 710 for the 
poWer-saving menu items may include an activate_poWer 
_saving option 712 and a deactivate_poWer_saving option 
714. The activate_poWer_saving option 712 and the deacti 
vate_poWer_saving option 714 may alloW a user to manually 
activate or deactivate the poWer saving mode, independent of 
a prede?ned triggering event such as arrival of night time. The 
example user interface 700 may be part of the UE 102 and the 
UE 104 of FIG. 1. 

FIG. 8 illustrates an example Wireless apparatus in accor 
dance With an example embodiment of the invention. In FIG. 
8, the Wireless apparatus 800 may include a processor 815, a 
memory 814 coupled to the processor 815, and a suitable 
transceiver 813 (having a transmitter (TX) and a receiver 
(RX)) coupled to the processor 815, coupled to an antenna 
unit 818. The memory 814 may store programs such as a 
poWer saving module 812. The Wireless apparatus 800 may be 
at least part of a UE, or an LTE compatible mobile station. 
The processor 815 or some other form of generic central 

processing unit (CPU) or special-purpose processor such as 
digital signal processor (DSP), may operate to control the 
various components of the Wireless apparatus 800 in accor 
dance With embedded softWare or ?r'mWare stored in memory 
814 or stored in memory contained Within the processor 815 
itself. In addition to the embedded softWare or ?rmWare, the 
processor 815 may execute other applications or application 
modules stored in the memory 814 or made available via 
Wireless netWork communications. The application softWare 
may comprise a compiled set of machine-readable instruc 
tions that con?gures the processor 815 to provide the desired 
functionality, or the application softWare may be high-level 
softWare instructions to be processed by an interpreter or 
compiler to indirectly con?gure the processor 815. 

In an example embodiment, the poWer saving module 812 
may be con?gured to decide a number of sleep DRX cycles 
Within a sleep cycle based at least on one of a current available 
battery poWer level, a call setup delay interval, and a quality 
of the paging indicator channel. The poWer saving module 
812 may be con?gured to enter a poWer-saving mode upon an 
occurrence of a triggering event comprising an arrival of a 
time of a day such as night time When likelihood of receiving 
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a call is loW; and Wake up from a sleep mode and checking for 
an active call after an expiration of the number of sleep DRX 
cycles. 

In one example embodiment, the transceiver 813 is for 
bidirectional Wireless communications With another Wireless 
device. The transceiver 813 may provide frequency shifting, 
converting received RF signals to baseband and converting 
baseband transmit signals to RF, for example. In some 
descriptions a radio transceiver or RF transceiver may be 
understood to include other signal processing functionality 
such as modulation/demodulation, coding/decoding, inter 
leaving/deinterleaving, spreading/despreading, inverse fast 
fourier transforming (IFFT)/ fast fourier transforming (FFT), 
cyclic pre?x appending/removal, and other signal processing 
functions. In some embodiments, the transceiver 813, por 
tions of the antenna unit 818, and an analog baseband pro 
cessing unit may be combined in one or more processing units 
and/ or application speci?c integrated circuits (ASICs). Parts 
of the transceiver may be implemented in a ?eld-program 
mable gate array (FPGA) or reprogrammable softWare-de 
?ned radio. 

In an example embodiment, the antenna unit 818 may be 
provided to convert betWeen Wireless signals and electrical 
signals, enabling the Wireless apparatus 800 to send and 
receive information from a cellular netWork or some other 
available Wireless communications netWork or from a peer 
Wireless device. In an embodiment, the antenna unit 818 may 
include multiple antennas to support beam forming and/or 
multiple input multiple output (MIMO) operations. As is 
knoWn to those skilled in the art, MIMO operations may 
provide spatial diversity and multiple parallel channels Which 
can be used to overcome dif?cult channel conditions and/or 
increase channel throughput. The antenna unit 818 may 
include antenna tuning and/or impedance matching compo 
nents, RF poWer ampli?ers, and/or loW noise ampli?ers. 
As shoWn in FIG. 8, the Wireless apparatus 800 may further 

include a measurement unit 816, Which measures the signal 
strength level that is received from another Wireless device, 
and compare the measurements With a con?gured threshold. 
The measurement unit may be utiliZed by the Wireless appa 
ratus 800 in conjunction With various exemplary embodi 
ments of the invention, as described herein. 

In general, the various exemplary embodiments of the 
Wireless apparatus 800 may include, but are not limited to, 
part of a UE, or a Wireless device such as a portable computer 
having Wireless communication capabilities, Internet appli 
ances permitting Wireless Internet access and broWsing, as 
Well as portable units or terminals that incorporate combina 
tions of such functions. In one embodiment, the Wireless 
apparatus 800 may be implemented in the UE 102 and the UE 
104 of FIG. 1. 

Without in any Way limiting the scope, interpretation, or 
application of the claims appearing beloW, a technical effect 
of one or more of the example embodiments disclosed herein 
is that UE may save considerable amount of poWer during a 
time period of day When it is least likely to receive any call. 
Another technical effect of one or more of the example 
embodiments disclosed herein is that the poWer saving is 
achievedWith little effect on the call setup delay and thus little 
effect on the user’s perception of delay in receiving a call as 
Well. A third technical effect is an increased reliability in 
receiving paging indicator because only high-quality PICH 
signal samples are kept and used. 
Embodiments of the present invention may be imple 

mented in softWare, hardWare, application logic or a combi 
nation of softWare, hardWare and application logic. The soft 
Ware, application logic and/or hardWare may reside on user 
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10 
equipment such as a handset, a computer and other mobile 
device. If desired, part of the softWare, application logic and/ 
or hardWare may reside on user equipment, and part of the 
softWare, application logic and/or hardWare may reside on a 
netWork element such as a base station. In an example 
embodiment, the application logic, softWare or an instruction 
set is maintained on any one of various conventional com 

puter-readable media. In the context of this document, a 
“computer-readable medium” may be any media or means 
that can contain, store, communicate, propagate or transport 
the instructions foruse by or in connection With an instruction 
execution system, apparatus, or device, such as a computer, 
With one example of a computer described and depicted in 
FIG. 8. A computer-readable medium may comprise a com 
puter-readable storage medium that may be any media or 
means that can contain or store the instructions for use by or 

in connection With an instruction execution system, appara 
tus, or device, such as a computer. 

If desired, the different functions discussed herein may be 
performed in a different order and/ or concurrently With each 
other. Furthermore, if desired, one or more of the above 
described functions may be optional or may be combined. 

Although various aspects of the invention are set out in the 
independent claims, other aspects of the invention comprise 
other combinations of features from the described embodi 
ments and/or the dependent claims With the features of the 
independent claims, and not solely the combinations explic 
itly set out in the claims. 

It is also noted herein that While the above describes 
example embodiments of the invention, these descriptions 
should not be vieWed in a limiting sense. Rather, there are 
several variations and modi?cations Which may be made 
Without departing from the scope of the present invention as 
de?ned in the appended claims. 

I claim: 
1. A method, comprising: 
determining a sleep cycle comprising a number of discon 

tinuous reception cycles at a user equipment based at 
least on one of a current available battery poWer level, a 
call setup delay interval, and a quality of a received 
paging indicator channel signal; 

entering a poWer saving mode during the determined sleep 
cycle at the user equipment upon an occurrence of a 
triggering event; and 

Waking up from the poWer saving mode and checking for 
an active call after an occurrence of a second triggering 
event. 

2. The method according to claim 1, Wherein determining 
the sleep cycle further comprises determining the number of 
discontinuous reception cycles based on qualities of consecu 
tively received paging indicator channel signals and a degree 
of mobility of the user equipment. 

3. The method according to claim 1, Wherein checking for 
the active call comprises one of checking a paging indicator 
channel for a positive paging indicator and checking a ran 
dom access memory buffer for a stored positive paging indi 
cator. 

4. The method according to claim 1, Wherein the triggering 
event comprises at least one of an arrival of a time of a day, a 
manual activation of the poWer saving mode by a user via a 
user interface, and the current available battery poWer level 
falling beloW a predetermined threshold Wherein the arrival of 
the time of the day comprises the arrival of a night time When 
a likelihood of receiving a call is loW. 

5. The method according to claim 1, Wherein the second 
triggering event comprises at least one of an expiration of the 
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sleep cycle and a manual deactivation of the power saving 
mode by a user via a user interface. 

6. The method according to claim 1, Wherein entering the 
poWer saving mode further comprises Waking up M times 
during the sleep cycle, Wherein the sleep cycle comprises N 
discontinuous reception cycles, and l<:M<N. 

7. The method according to claim 1, further comprising: 
receiving a value for the discontinuous reception cycles 

contained in a system information block message from 
an associated base station. 

8. The method according to claim 1, Wherein the sleep 
cycle is bound by smaller one of the call setup delay interval 
and a number of times the paging indicator is repeated. 

9. The method according to claim 1, further comprising: 
collecting paging indicator channel signal samples and 

obtaining a signal quality measurement of the collected 
paging indicator channel signal samples. 

10. An apparatus, comprising: 
at least one processor; and 
at least one memory including computer program code for 

one or more programs, 

the at least one memory and the computer program code 
con?gured to, With the at least one processor, cause the 
apparatus to perform at least the folloWing: 

determine a sleep cycle comprising a number of discon 
tinuous reception cycles at a user equipment based at 
least on one of a current available battery poWer level, a 
call setup delay interval, and a quality of a received 
paging indicator channel signal; 

enter a poWer saving mode during the determined sleep 
cycle at the user equipment upon an occurrence of a 

triggering event; and 
Wake up from the poWer saving mode and checking for an 

active call after an occurrence of a second triggering 
event. 

11. The apparatus according to claim 10, further compris 
ing: 

a signal measurement unit con?gured to Wake up and col 
lect a paging indicator channel signal; and 

a paging indicator random access memory buffer con?g 
ured to store a paging indicator channel signal sample 
With a quality higher than a prede?ned threshold. 

12. The apparatus according to claim 11, Wherein the signal 
measurement unit is con?gured to Wake up at each discon 
tinuous reception cycle to collect the paging indicator chan 
nel signal sample Without Waking up other components of the 
apparatus. 

13. The apparatus according to claim 12, further compris 
ing a signal quality measurement unit con?gured to obtain a 
quality measurement of the collected paging indicator chan 
nel signal samples. 

14. The apparatus according to claim 13, Wherein the qual 
ity measurement of the collected paging indicator channel 
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12 
signal is based on an estimation of a path loss obtained from 
a received signal code poWer measure, a common pilot chan 
nel transmission poWer and an estimation of a doWnlink inter 
ference. 

15. The apparatus according to claim 10, Wherein the appa 
ratus is further con?gured to cause a reselection process ini 
tiated When one or more loW-quality paging indicator channel 
signals are received. 

16. The apparatus according to claim 10, further compris 
ing a user interface comprising an option to activate the poWer 
saving mode manually and a second option to deactivate the 
poWer-saving mode manually. 

17. The apparatus according to claim 10, Wherein the trig 
gering event comprises at least one of an arrival of a time of a 
day, a manual activation of the poWer saving mode by a user 
via a user interface, and the current available battery poWer 
level falling beloW a predetermined threshold Wherein the 
arrival of the time of the day comprise the arrival of a night 
time When a likelihood of receiving a call is loW and Wherein 
the second triggering event comprises at least one of an expi 
ration of the sleep cycle and a manual deactivation of the 
poWer saving mode by the user via the user interface. 

18. A non-transitory computer-readable medium carrying 
one or more instructions Which, When executed by one or 

more processors, cause the one or more processors to perform 

a method comprising: 
determining a sleep cycle comprising a number of discon 

tinuous reception cycles at a user equipment based at 
least on one of a current available battery poWer level, a 

call setup delay interval, and a quality of a received 
paging indicator channel signal; 

entering a poWer saving mode during the determined sleep 
cycle at the user equipment upon an occurrence of a 
triggering event; and 

Waking up from the poWer saving mode and checking for 
an active call after an occurrence of a second triggering 
event. 

19. The non-transitory computer-readable medium accord 
ing to claim 18, Wherein the triggering event comprises at 
least one of an arrival of a time of a day, a manual activation 
of the poWer saving mode by a user via a user interface, and 
the current available battery poWer level falling beloW a pre 
determined threshold Wherein the arrival of the time of the 
day comprise the arrival of a night time When a likelihood of 
receiving a call is loW. 

20. The non-transitory computer-readable medium accord 
ing to claim 18, Wherein the second triggering event com 
prises at least one of an expiration of the sleep cycle and a 
manual deactivation of the poWer saving mode by a user via a 
user interface. 


