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Abstract

The massive usage of smartphones that has occlasegears has been a boon for the telecommunitatio
industry. Smartphone is blossoming freely and Haeen widely used in our daily life, learning, andriing.
The services, applications, and connectivity that industry provides is something that consumdks kdog,
and tweet about with passion. The average Smargbomsumes only 10% of the data traffic that aolamtoes,
but smartphones, largely driven by the applicatithet consumers love, can connect to the networthén
background hundreds or even thousands of timey, gaikhing signaling traffic higher than networlamphers
ever imagined. Unfortunately, with the widespreatiaduction of the smartphones, mobile network afmes
are confronted with the new challenges: congestddark resources, worsening network KPI's and iasheg
complains from end users. What users want: Thesdignts for a good quality experience can be suiethin
four words: convenience, immediacy, simplicity aetiability. Users want a service that is efficieptedictable
and easy to use. Factors contributing to a pootitguaxperience include lengthy loading times, roxess,
crashing, slowing down, poor battery life or angithpotentially complicated or confusing. So thétasfore us
all is to understand how handsets, their batteriesyorks, and applications work together, to shdetérmine
and try by optimizing the proper performance batafar each so that both end user experience andriet
efficiency can be optimized.
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Problem statement

Current satisfaction levels in the world of conswnare closely linked with brand perception. Théalto
consumer experience is made up of many parts, legty building, service & support, account managet,
billing & payment and the initial purchase proceash playing a formative role. Smartphone usage paiints
issues considered the most frustrating for usesisidie poor internet connection, app crashes and speeds
(congestion, poor signal level etc). This frustratistems from the desire to be constantly conne@edthe
other hand, the successful aversion of these tissees can play a significant role in improving teer
experience, as well as increasing data consumgimong light and frequent users. Identifying the rmai
contributors: In the eyes of the user, most convigctissues tend to be associated with the operéftdhese
problems occur more regularly than once a week ttregrall satisfaction with the operator is likely t
deteriorate — even if the problem is not relatédufeé 1 shows what users believe to be the maitribaitors to
usage problems. A slow network is one of the maimtrébutors, along with poor coverage and app nmaffions.
App malfunctions could cause many issues for tlee itself and network from other side. Slow or Imemory
smartphones are also contributors, and yet iniagdgtin the case of iPhone users (Ericsson report)
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Figure 1. Main contributors to usage problems @&on report)

As it can be seen from Figure 1, apps issues, atioge(signaling part as one contributor) and spiate hw
quality (here we are interested for battery hw )pditectly impact the users. These three aspecisbai
considered on this paper in order to highlight meantributors on their behavior and proposal maue t
overcome as much as possible them in order to iepuser service perception. For this paper we haeel
analysis made from some main mobile equipment vesnalad also web pages reviewers.

1. Mobile Applications

Someone best characterized application vs. platforjust a dozen words, as follows: A good appi@anever
surprises, a good platform never stops to surpkisey services and apps are based in the cloud hwh&ans
that ensuring high quality internet access is st fin advantage — it's a necessity. Users whoriexpe regular
issues will quickly lose patience, become annoyetistart to search for better alternatives. Issuesommon —

a majority of users experience regular glitches, tiost common being internet connection issuegsapjce
crashes and slow speeds as already mentioned bkfane traffic volume for mobile Internet is usear fweb
browsing, and the rest is used for streaming maddfile transfer. Mobile Internet is widely depéalyand the
traffic rate increases. Smartphones are equipp#d more functions. Mobile streaming media serviagls be
widely used and the main traffic volume will be opd by video service. Instant communications wetkt,
voice, and video are more preferable, and netwodess becomes more frequently. Meanwhile, the tqabn
Hypertext Markup Language (HTML5) becomes increglsimature. Cloud service will replace traditiomadb
browsing and file transfer as the dominant playere smartphones for mobile Internet become small an
diverse. More and more smart machine terminals sli2d/ services, such as smart electrical household
appliances, auto meter reading, and mobile paynoemie into being (Huawei whitepaper). All these
functionalities mentioned naturally are connectethwgpecific applications used on smartphones ofeotto
provide the needed service to the users. But ftwrother side how their functionalities combinethwietwork
operator QoS are having a big impact on user péocepn offered service. In the Figure 2 it's shotine
Mobile/Tablet Operating System Market Share tilpteenber 2013 worldwide. So believe that for eactd lof
OS there are thousands and hundreds of apps deadladh for sure many of them do not meet any qualit
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Figure 2. Mobile/Tablet Operating System Marketr8tidl September 2013 (netmarketshare web)

Although not a big name or that well known, #h@uAis fast becoming relevant for developers. Founided
2011, the non-profit association is funded by AT&G, Motorola, Nokia, Oracle, Orange, Samsung, Sady
Mobile and has been on a mission ever since toawgpthe quality of smartphone and tablet applicegtidit’'s a
way developers can improve the quality of their ool demonstrate that they have gone through tveir
testing to show that they haven't fallen into trdijost time developers often fall into,” WrigleyltbTabTimes
(Tabtimes web). Here a report from APl Company A&gigndicates that app users get most frustratea wisdr
app freezes or crashes; with 96% of these feeliitgted enough to write a bad review. The 2012 NéoBpp
Review Survey questioned 502 American mobile aggsuaged 18 and older in October, and aimed todind
what these users’ expectations were when usingtghmares and tablets apps. The study, carried dirteohy
uSamp found that freezing (76%), crashing (71%) andvsiesponsiveness (59%) were the primary bugbears
when it came to app problems, with heavy batteagag55%) and too many ads (53%) also mentioneersUs
stressed that performance mattered the most orifgaabps (74%) and maps (63%), with the latter aobd
much to the chagrin of Apple, which has had sonffecdity with its own maps software on iOS 6. Whdeme
could argue that these complaints are quite normbgt was really striking about the study was thees
number of people who would feel compelled to watéad review when coming across a bad app. Forsalmo
every respondent (96%) said that they would writead review on an under-par app, while 44% saitl ttrey
would delete the app immediately. Another 38% ¢hat they would delete the app if froze for morantt80
seconds with 32% and 21% respectively indicatiraf they would moan about the app to their friends o
colleagues in person or over Facebook and Twiteronsiderable 18% would delete an app immediafeity
froze for just five seconds, but 27% said that theyuld persist with the app if they paid for it. dde
experiencing bad apps urged developers to fix tbelpm (89%) first and foremost, followed by offegieasy
refunds (65%) and a customer service number (4¥pjgee’s survey also looked at app discovery and
discovered that the majority of app users find ragps by searching app stores periodically (75%hoabh
word of mouth (58%), Facebook (45%), stories inriedia (26%) and Twitter (14%) were also citedn the
growing app economy, there's a natural Darwinidecefand only the best apps will survive," saiceCKapoor,
Apigee CEO. "These survey findings underscore timportance for developers to closely monitor app
performance, identify problems quickly and reaciniediately to resolve them.” (Apigee). Alsoweb reviewer
(thingthatscale) is listing quite a few issues witbbile applications. He lists 10 top issues irpadicular order,
but we will mention some main of thetdnexpected entitlementSome applications are more equal than others.
For instance, try signing-out from your primary Gheccount on Android. It won't work unless the wvido
device is wiped clearPower efficiencySome applications turn the radio on very ofted ean even be quite
chatty whenever they do so. In absence of a “graéng” for applications, it's a trial and errorquess of
loading some applications and then discovering tiadtery autonomy has suddenly tanked complimehts o
“fat” application in that mixApplications work unless they darit's hard to know why an application suddenly
gets into the habit of aborting launch. It silerdlyes back to being a cute square icon, readyltadain just the
same.Stale coding practicesThe application development environments dovetage any of the new ideas in
software engineering, like Ruby on Rails with itslbin unit/functional testingPorous sandboxe3.he sandbox
that an application operates in has several bdek-atad/write access pathways to free-for-all datg., the
keyboard cache and address book on the iPhonesasitibd here), thus creating opportunities foijae and
covert channel<loakers and phisher§ome applications mean big business and natwatifet ill-intentioned
copycats. There are just so many pixels to copyredtidefenses are mainly non-technical — e.g.pthsence in
the iTune store hinges on relationships betweedaeipple, and the user community. They are nafestive
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in the bazaar style of application store. TabtiméTabtimes 10 key tips) reviewers helps by listmgny areas
where improvements can be done or considered. Midke the user interface consistent and easy to Aise
ever-changing user interface risks confusing amebging the user to the point where they're not e to use
the applicationGet your app’s privacy watertighpersonal security has become a hot topic in ewaii of life,
both for consumers and businesses. There must sllaag privacy policy in the app. This is becomangally
hot topic now,” says WrigleyControl the mother of all app problems: App craghiApp crashing is the single
most annoying thing to the end user, and oftenltesn users writing some pretty frank reviews aap
downloads dwindling to nothinddelp out troubled users...and quickljome market research has shown that
app users really like to have help at hand whemgthigo wrongDevelopers must test apps when they lose a
network connectionyhich developers often fail to test their apps mieey lose their network connection, with
this often leading to the app dying and users hptanre-boot their device.ook out for image problems when
changing orientation Switching your iPad or Android tablet from landpe to portrait can sometimes take
longer than expected, but such a simple gesturalsarhave big repercussions for developers.

As well for NSN vendor it’s important for a balano be found so that excellence in applicationgitedoes not
come at a cost of excess battery drainage or nesfiwnaling increase. Ways that application de\eto@and
device manufacturers can help to find this optitvalnce among end user performance, battery liggtamd
signaling volumes includeOptimizing data transmissioffior size and minimizing the size of keep-alive
messages in order to utlize Cell_ FACH/RACBptimizing usage of presence updatasd status update
messagesTaking advantage of cachingnd reducing optionally downloadable data itemshsas images or
attachmentsAvoiding protocols that require pollingClosing data connections whew longer neededpting

for TCP over UDPsince TCP requires fewer keep-alive messagess-igtespecially important for always-on
applications such as push em&ihoosing periodic bursty datmansfers rather than a constant “drop-by-drop”
transfer.Utilizing network acceseptimization APIs (such as the notification ARi)arder to synchronize/group
transactions with the networklsing message buffering/aggregatibatween different applications as much as
possible Reducing network interaction whéme application is not in active use.

2. Signaling increase

Signaling traffic consists of the small backgroundssages exchanged between a handset and a né&veartk
up or end a data connection. Some of the most popuhartphone applications are also some of thatege
generators of signaling traffic. Social networkiagplications, in which friends stay connected wegith other
for extended periods of time, inherently involvedquent back and forth messages or status updatdisie O
networked gaming is also moving to mobile platforidest smartphones have a screen that is largegénand

a processor that is powerful enough to run onliamgs. NSN vendor by testing a popular online mialyigr
poker game and measured the data and mobile nesigmiling traffic generated by playing the game 30
minutes on both a laptop and a smartphone, indasge the iPhone version 4.1, the laptop generad&d 1
signaling messages during the half hour, whilesimartphone generated more than 10 times that amnatuat
staggering 1996 signals during the half hour.
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Figure 3. NSN Lab tests on smartphone signaling\[N®artlab)

Customers in the U.S. and Europe started comphitiiat the quality of their voice and data serviaes no
longer good. In some densely populated cities,ighaes were particularly acute, and the end-usepltzoints
particularly loud. Analysis of the network traffgshowed that — surprise! — smartphones were thelgrob
Operators worldwide had initially optimized theiirgless networks for browsing. One way that theay ithis
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was by keeping the data channel active as longoasilfle to give a smooth end-user experience. Titg o
drawback to this approach is that prolonged timenspn the active data transmission mode consumes
significant amounts of battery power. Manufactupesver-saving features ended up being a significaat
cause of increased signaling load (NSN smartlalmwatlays as it can be seen, for most of applicatns
mobile devices polling technology is used widelyd dhe same application can be implemented wittereift
technology on different platforms and represerfediint heartbeat characteristics, such as Facedygualication.
Always on-line PDP feature changes the traffic mademobile phones greatly. Longer PDP context tiara
means less PDP activation attempt in the busy hatipossible more Iu signaling procedures suchaagng,
service request and lu release. At the same timayalon-line PDP context consumes the static ressusf the
network equipment, which is ultimately limited biyet physical memory size of the equipment. Furtheemo
always-on-line PDP context also leaves the smantplzopermanent IP reachable endpoint in the IParktand
subject to malicious programs, such as virus astaClompared with the wired Internet, the attackstided to
mobile Internet devices not only threaten the sphamies but also endanger the mobile network byirgus
paging storm and consequently, a connection setrmswhich would overload the mobile network (Hugaw
analysis). Heartbeat messages for most smartphgpieations maintain connections with servers apdate
their status. Many Applications adopt small heaathetervals to update the status. Frequent hestdtiegether
with smartphone fast dormancy feature are thecaose of massive signaling on wireless networkshasn in
Figure 4. In actual network applications, some i@ptibns generate large amount of signaling. Tegudent
signaling brings too much load to wireless and cwvork equipment (Huawei whitepaper).
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Figure 4. Signaling load on wireless networks iffedent applications over Android OS (Huawei whaepr)
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NSN vendor for network operators propose taking es@utions that can bring better network performance
Activating Cell_PCHfor the whole networkActivating Network Controlled Fast Dormanggiso known as
3GPP Release 8 Fast Dormancyetting T1+T2to be less than five seconds in order to reduceatphmane
power consumptionOptimizing other RNC parametets suit the network-specific traffic profildJtilizing
Cell_FACHfor the most efficient handling of very small “kdive” message®irect tunneluse will over pass
SGSN from signaling by use of Gn interface d#V replacement or expansiondll allow use of more
overloaded Network.

3. Battery drain

The average power consumption of the smartphoneilenalevices has grown significantly. The battery
technologies have also developed, but not nearfasisas the smartphone devices. Figure 5 illusiréite gap
between the amount of energy needed by a Nokialendbivice for two days’ active usage, and the arhotin
energy that can be provided by a standard-sizegrigaticcording to Nokia’s internal analysis (forunokia).
The red curve in the figure shows how the energyatel of the devices has grown and is estimatedow m
the coming years. The energy available from a stahdize battery depicted in the figure with theebturve is
clearly not sufficient. Because of the big gap lestvthe energy needed by the mobile device anértbagy
available from the battery, the average battegy dif the mobile devices in active use is less tiandays and
sometimes it can be one day or even less. In tedagbile phones the maximum

power consumption has grown, which means that tlsesegreater variation in the power consumptiornhef
phone. In standby state without an internet conoedhe battery can last for several days. If thertinstead has
a GPS-based map application running in the backgtauhile browsing the web and listening to muske t
battery can be completely drained in a couple afrioThe battery life is thus more unpredictabléhie new
mobile phones.
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Figure 5: Mobile phone energy need vs. energy abiity (forum nokia)

As services/apps are the main distinction amongilmalevices from different vendors, the manufaatwél
always use the fully available computational pouerdevelop new services. In general more features a
services smartphone offers, larger the energy eopsan can be. This increase in energy consumpésalts in
lower operational times for the users also refemedstand-by time. As the stand-by time has beconse
important purchase criteria, energy saving strate@gs becoming more and more important. This isomy a
problem for users, but for mobile service providaesswell. If the phone runs out of battery, usensnot access
mobile services any longer, reducing the reventigsaviders. Therefore mobile phone manufactureesvary
keen in developing solutions to extend the battdey Using batteries with more capacity could bérigial
solution, but unfortunately their technological kdmn does not follow the trends dictated by Mdsriaw.
While the computational complexity is doubled evémp years according to Moore, the battery capaisity
doubling only every decade. In the current statehef art, most smartphones are poweredlityjum-ion
batteries (mpoweruk web). These batteries are popndcause they can offer many times the energythar
types of batteries in a fraction of the space.h&tmoment, engineers cannot sufficiently increaseatount of
energy created by the chemical reactions and thevaay to create more powerful batteries seemsetmbking
them larger. However this does not well match wihith evolution of mobile terminals which tend to adess
room available for the battery in order to accomatedhdditional components and technologies. There@me
new trends though. Some researchers at Stanfoneeksity are using nanotechnology to make battexids to
produce 10 times the amount of electricity of ergptlithium-ion batteries. Other researchers trexploit the
movement of the user to recharge the battery. iRt are only initial research fields.

As mentioned batteries are important componentadhile phones. The autonomy of mobile phone isctlye
dependant of them. There are three basic typescbirgeable battery used in mobile phones: LitHiom(Li-
lon), Nickel Cadmium (NiCd) and Nickel Metal HydeidNiMH).

3.1 Lithium-ion batteries

Lithium-ion batteries are so common today in ceflopes because they are one of the most energetic
rechargeable batteries available. These kinds tkrdixs appeared when researchers attempted tdogeve
rechargeable lithium batteries. In the beginnirigfadue to safety problems. Because of the inhénstability

of lithium metal, especially during charging, resashifted to a non-metallic lithium battery usiitgium ions.
Although slightly lower in energy density than lidm metal, lithium-ion is safe, provided certairegautions
are met when charging and discharging. In 1991,Sbey Corporation commercialized the first lithiuom
battery. Other manufacturers followed suit. Lithiion is a low maintenance battery, an advantage rtiust
other chemistries (active chemicals used in thg cahnot claim. There is no memory and no schetaleling

is required to prolong the battery's life. In aduit they also have a self-discharge rate of apprately 5-10%
per month, compared with over 30% per month in commickel metal hydride batteries, approx. 1.25% pe
month for Low Self-Discharge NiMH batteries and 1p& month in nickel-cadmium batteries.

3.2 Lithium-ion discharge curve
Lithium-ion batteries have a fairly flat dischargerve while others such as Lead acid have a prarealislope.

A flat discharge curve simplifies the design of #ggplication in which the battery is used since sheply
voltage stays reasonably constant throughout gehdige cycle. A sloping curve facilitates thereation of the
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State of Charge of the battery since the cell geltean be used as a measure of the remaining cinattye cell.
Modern Lithium lon cells have a very flat dischage&ve and other methods must be used to deterthne
State of Charge (mpoweruk web).
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Figure 6. Lithium-ion discharge curve (mpoweruk yveb

In Figure 6 the X axis shows the cell charactarsstiormalized as a percentage of cell capacithatthe shape
of the graph can be shown independent of the actlltapacity. If the X axis was based on dischange, the
length of each discharge curve would be proportitmthe nominal capacity of the cell.

3.3 Temperature Characteristics

Cell performance can change dramatically with terapee. At the lower extreme the electrolyte magefe
setting a lower limit on the operating temperatuvijle at the upper extreme the active chemicalg braak
down destroying the battery. In between these dirthie cell performance generally improves with terapure.
Figure 7 shows how the performance of Lithium-iattéries deteriorates as the operating temperdaoesases.
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Figure 7. Temperature characteristics (mpoweruk)web

As mentioned before, mobile phones have been uaitgy@ breathtaking evolution over the years, istafrom
simple mobile phones with only voice services taigathe transition of smart phones offering sevkirads of
services. Mobile Terminals (Smartphones) are battéwen to allow the highest degree of freedomtha user
and therefore they have limited resources in tasfrenergy and power. It is crucial to understaraldhference
between these two terms that sometimes are usaghaingeably.

Power: the rate at which work is performed) Power = Warkime [Watts]
Energy: the time integral of Power) Energy = Power f Tifdeules]

Power and energy play some key roles in the ewwludf smartphones as the improvement of battergaipis
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quite moderate compared to the increase of the ity due to new hardware and services. Sincebttitery
stores a fixed amount of energy, the operationag tihe user is able to use its phone within onegahg cycle,
namely battery life, is fixed as well. As smartphserare offering more and more energy hungry featarel
services, battery life gets shorter. To overconi® phoblem, energy consumption needs to be redunesbme
cases reducing the power consumption is suffidierreduce the energy consumption as well. Thisus for
tasks with a constant duration (i.e. video and @ipdthying, voice calls) because the energy spemtagortional

to the average power consumption. On the other,heome other tasks will require less energy if qrenied
faster but with high power rather than slower viétWw power consumption (mpoweruk web). An exampldata
downloading and uploading. However using high poween for a short time, has a limit due to thetihgeof
the mobile phone. Therefore, it is crucial to rezltice energy consumption in order to allow the @tvmh of
smartphones, though often it is not that triviak Wave to bear in mind that the mobile phone coesuatifferent
power depending if it is in connected mode or ie @hd this for Data part.

There are been done quite many studies (on papeangh) and many tests to better improve batteain dm
smartphones. Most of them consists based specefiwark and mobile conditions (also parameters) alsd
based on some proposal made from NSN in mobile apg#tioned on this paper. Based on them there are
proposed and developed many algorithm, simulataoms even apps (but few apps) to prove improvement o
battery consumption. We believe that a better coatiin and coordination of Network parameters amadune
power saving apps will bring improvement on smastghbattery.

Conclusion:

Smartphone usage pain points issues considereasérs include poor internet connection (due to estign,
signaling overload...), mobile apps and battery dfaome of the most frustrating). This frustratioé@nss from
the desire to be constantly connected on the n&twas discussed on this paper. On the other hdmd, t
successful optimization of these three issues tanagsignificant role in improving the user expede, as well
as increasing data consumption among light and uéeq users. Application developers and device
manufacturers naturally focus on creating the bagtuser experience possible. While this is thienale goal
of all members of the mobile broadband ecosysteésimportant for a balance to be found so thae#gace in
application design does not come at a cost of exoatiery drainage or massive signaling increase.

Our future work will consist in optimizing bettehe MDSA algorithm (Multi decision scheduling algbrm
which is under study/evolution) for power saving ape plan to implement for Nokia Symbian OS andvel
keeping in mind not creating more signaling.
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