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EXECUTIVE SUMMARY

This report, together with its accompanying delade 5.7, summarizes the validation results obthineproject
phase Il of MobiThin. The results addressed areainbtl through emulations, i.e. for validating therkv
performed, the system under study has been emuwatether hardware. The results presented reladgdtmation
work carried out using NS-2 as emulation framewoakd a hardware emulation framework (XMSF)
incorporating more hardware details on the transeeiused (allowing a more accurate assessmemerf)e
consumption).

Three mechanisms have been investigated using MS-@nderlying emulation platform. First, a crosgla
approach was investigated, putting the radio iaimode whenever possible, based on applicatientlfin client
protocol) information. Using this approach, enegpins up to 49% were observed for experiments oRi Wi
networks (the same techniques can be applied @t dthes of networks). A second track consistssifigt UDP
as transport layer protocol for downstream traffi@ push protocol mode. It is shown how bandwidithuctions
up to 75% in the upstream and 29% in the upstremmbe achieved. Furthermore, the work opens peigpdo
an improved cross-layer algorithm as the push-paitallows a better prediction.. A third topic irstigates cross-
layer approaches for LTE-networks, adopting a ctagsr optimization of MAC and PHY layers, that bdson
bandwidth settings and channel information (pa#is)adapts the transmission configuration to aehgéehigher
energy efficiency. Results indicate considerablergy gains when compared to current state-of-theautions
(maximum goodput or lazy scheduling). For a videenario (2 Mbit/s traffic) gains amount to 51% &% for
uplink and downlink traffic respectively.

To model more accurately the wireless interfacecra@ss layer MAC simulation framework (XMSF) was
developed and its implementation on a softwarenéedfiradio platform was evaluated. This frameworlkesa
abstraction of the higher level protocols, andvwdido model energy consumption under constantidrédfd.
Emulations were performed for varying bandwidthsl ancertain channel quality, indicating that thesrgy
consumption can be decreased with respect tostalbe art with higher data rates. For a video agen2 Mbit/s
traffic) gains of 35% were achieved assuming a MAITY cross layer optimization with a constant datte.r
Also a comparison between the gains obtained wiKtSK and NS2 for the same scenarios is presentedul®
show a high correlation between both NS2 and XM®Elators.

The emulations reported here have been constrictadcordance with the proof-of-concept design doent,
The results obtained allow to conclude that ther@ggh taken wireless link optimization indeed cffenportant
benefits in terms of power efficiency, without jemgizing the interactivity as perceived by the eisér of the
system.
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2. INTRODUCTION

Common text for D5.6nd D57

2.1 PROJECT CONTEXT

The MobiThin project is organized in two phasekwihg an incremental approach to realize its figahls. The
deliverables D5.6 and D5.7 conclude the validatwork of the second project phashereby essentially
providing final evidence and demonstration of thejgcts approach and conce

Work package 5 of the MobiThin project is to desigevelop and evaluate preof-concept demonstrators in
order to validate the approach taken in theject (e.g. on the architectural or algorithmic gvéfter the desigr
(D5.5, M21) of these PoC'’s, several PoC’s were éadesalized, based on various components (eithexlajged
in the first or second project pha realized in WP3 and WP4 (Figurg. The findings of the validation work a
reported in D5.6 and D5.7 and, in addition to s-casing and dissemination, results will mainly becuurther
integration, moving thesolutior closer to commercial valorizationWhile D56 focuses on emulation
demonstrators (major part of the hardware is eradlat software), D5.7 reports on -trials (primarily using the
intended hardware for the proje

sz Requirments  _ | Architectyr

Capturin esign REVIEW REVIEW REWVIEW REVIEW ‘

a 3

L 3

WP3 ‘ 1 ‘ x X X X ‘

WP4 | |
vy v
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Design  Developm Testing Design Integration Testin
Simulation PO validation

Framewaork Finalized
Available

Phase | Phase Il

Figure 1 - High-level MobiThin project structure.

2.2 RELATIONWITH D5.5AND D5.7

Common text for D5.6nd D57
The following table identifies the demonstratiomsfprmed during the second phase of the Mobithijeuat

PoC number Title Report (section

1 Link Optimization NS2 Emulation D5.6 (4.1)

2 Link Optimization Hardware Emulation D5.6 (4.2)
(XMSF)

3 Integrated Demonstration D5.7 (4.1)

4 Multimedia Thin Client based on SIP D5.7 (4.2)

5 Effects of Constraints on Image D5.7 (4.3)
Transmission

6 Remote devices / Peripherals D5.7 (4.4)

7 Local Mobile Device Peripherals D5.7 (4.5)

Table 1. Mapping of D5.5 PoC's to reporting in D5.67.

(*)Note : This demonstration was not identified.1 POC document. This demonstration has beendaiic
order to increase thasability of Thin Client on mobile device. Duringet first review in March 2009, tt
reviewers emphasized the importance of the usaloifithe Thin Client for the end users. The usapjhoint was
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4.

also noticed by industrial members of the consortinho points the difficulty to use Thin Client oviémited
screen device such as mobile phone. In order toowepusability of thin client systems and to extehd thin
client market, a demonstration based on the coimmecf external user-interface peripheral (Keyboatteen,
mouse) was added. The demonstration has been rfbueal Mobile Device Peripherals”.

SCOPE QF THE DELIVERABLE

As outlined above, this deliverable focuses on mépg experimental validation results on emulatimmented
proof-of-concepts. The emulated PoC's are:

1. Link Optimization Network Simulator 2 (NS2) Emuiaxti
2. Link Optimization Hardware Emulation (XMSF)

The reports of both PoCs (detailed in section thisfdocument) have the same base structure:

0] a recap on the hardware/software architecture,

(i) presentation of the experimental set-up,

(iii) presentation of obtained results and interpretation

(iv) conclusions (where appropriate, feedback to theirements outlined in D2.1 is given).

EAPERIMENTAL REPORTSON EACH DEMQ

4.1 LINK OPTIMIZATION NS2 EMULATION
4.1.1 Software/hardware architecture

Since the details of this emulation were explaimeD5.5, we will present a brief recap of the siatal set-up in
this document only. The demonstrator consists @ésktop PCs as indicated in Figure 2, implemerttiegy/NC
protocol through an emulated wireless network. Peon the right of Figure 2 runs the VNC serverlavttie PC
on the left runs the VNC client. They are both aeotad through virtual tap interfaces to the midel& running
the NS2 IMEC simulator which emulates the MAC amtiYRayers of the terminal and the access point el &
the wireless channel. This simulator also provithesradio-link level energy models for both statd¢bhe-art and
cross-layer solutions developed in the context ®#3AL. Further enhancements include an overall dayes
integration between the wireless link and applaratayers.

The goal of this emulator is to characterize a thient system over WLAN, and 802.11e, and 3GPPgLbarm
Evolution (LTE) networks in terms of energy constimp and quality of service (QoS). As a second goe
validated the MAC-PHY and the Overall Cross-Lay®L) energy gains with respect to a state-of-theradio
link control.
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Network impairment
Ns-2 simulator

Thin Client

Wireless medium
Optimization component

Figure 2 - Physical set-up for the NS2 simulator.

4.1.2 Description of experiments performed

The tests, including the MAC-PHY XL solution, waegported in D5.3 for a WLAN 802.11 scenario. Thave,
showed that the MAC-PHY XL solution outperformststaf-the-art especially in high-traffic and contges
network scenarios in terms of energy consumptid®q&vith high traffic 74% gain with high congestion)

In this document, we report the tests includingraerall XL approach. This approach extends thetfanality of
the MAC-PHY XL approach from [1] in order to bertdfiom sleeping periods at the wireless transceivieen
the application layers allow this. Furthermore wieaded the MAC-PHY XL approach for an LTE network.

4.1.2.10verall XL

The basic idea of the overall XL approach is degicin Figure 3. It consists of having a closer rat&on
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between application layers and the wireless lin@rifer to allow larger passive sleeping periods.
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Figure 3 - Overall XL approach

During the “active” period, the terminal is condtgrreceiving screen updates from the server. After last
packet has arrived, no more updates will be serthbyserver for a certain period. In the downstredMC is
currently using TCP to transmit display updatesisTias the advantage of reliable data delivery,rbesiilts in
overhead in both downstream and upstream diredtiah can be reduced by using UDP in the downstream.
Therefore, the impact of using UDP in the downstrebrection was investigated as well.

After the last of the screen updates, the apptinaayer from the terminal sends an indicationhi® wireless link
to go into sleep mode for a certain fixed and welined period. This mode turns off most of the it@platform

components for energy saving. During this peridie server and the client are buffering data thdk e

transmitted after the sleeping period.

4.1.2.2MAC-PHY Cross-Layer for LTE

The MAC-PHY XL approach for a WLAN 802.11a transeziwas explained in detail in D5.2, and it is luhea
the approach from [1]. Here we extend this apprdath the context of a 3GPP Long Term Evolution )T
scenario.

Similarly to the WLAN case, MAC and PHY layers gaintly controlled in order to save energy. Forsthi
purpose, we consider one external monitor, nanteychannel path loss, and one requirement, therdaThe
first one can be computed from the received sighthown pilot symbols and the second one fromrihmber of
time-frequency resources or physical resource BIGEHRBS) assigned to the user. These parametersadeto
select a transmission configuration that is enengtymized for the mobile terminal while providinbet desired
data rate. The transmission configuration consis&s combination of modulation scheme, code-rate, ower
amplifier (PA) settings that are configurable a¢ terminal. Specifically for LTE, 15 possible comdiions of
modulation schemes and code-rates are supported [2]

Contrary to WLAN, in LTE the base station or evalvidode B (eNB) takes the decision of the transmrssi
configuration based on parameters such as chamfoetiation and user equipment (UE) requirementdetiine
the final configuration. Therefore a purely-termiiddd. approach can only partially benefit from theh&evable
energy gains. A similar approach at the eNB coully £xploit the XL solution.

Baseband Energy Scalability

In our approach, we aimed to reduce the total gneansumption at the UE based on its scalability in
transmission parameters, detailed platform power@arformance models (packet error rate at MACl)evem
the baseband (BB) chain, the analog front-end éFid)the digital platform.

Based on component power values from the IMEC softvdefined radio (SDR) platform described in [8§
can build a platform-level model that specifies gmver consumption of the whole platform for diéfat radio
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power states (transmit, receive, idle, sleep) @natdifferentiated by the activation of certaintflem components.
However, the energy consumption of the whole ptatfdepends not only on the active components ifvaeng
radio power state, but also on the time they renmathat state. The fraction of time a certain comgnt is active
is called duty cycle. The duty cycling factors dezived from the selected sub-frame pattern defimedTE [2].
The final energy values result from the power comstion and the duty cycling of each component.

Power Amplifier Scalability

Among the platform components, the PA is by farltrgest power contributor of the transmitter frend (FE)
scalability, while the other components generalguvéh a fixed consumption for a given bandwidth. ur o
implementation, the PA is modeled in terms of comsd power, output power, and distortion level, &ory
possible configuration. It has a large role in mlscenarios, while in downlink scenarios most congmts have a
fixed and lower power consumption. In DL the gainsne mainly from optimized modulation and code-rate

Globally-Optimized Solution

Taking into consideration all the previous modei® arrive to a global energy optimization problehhis
optimization involves searching into all the configtion combinations for those that offer the lowpswer
consumption for a given path loss and data ratéhitnway we can build up a set of optimal confagion points
that the UE can use while maintaining the datanegeirements.

Practically, this optimization is done in two stepd the optimal combinations are pre-computediesign-time.
Then these values are stored into a databaseahdiecaccessed by the terminal at run-time. Thepertling on
the required goodput and the measured path lasd)Ehinforms of the transmission configuration stdd to the
eNB through the channel quality indicator (CQI) tkat in the next transmission opportunity, the eddfd use the
reported energy-optimized configuration.

4.1.3 Results and interpretation

4.1.3.10verall XL - TCP

The share of the total energy consumption thaedgired for sending and receiving thin client poofodata is
limited. The wireless platform of thin clients isostly in the idle state due to the bursty charaofethin client
protocol traffic [4]. Consequently, for the thinesit case, more important energy savings can beotag from
approaches that put the wireless platform in thergyconserving sleep mode during intervals without
communication, rather than from algorithms thatirajte encoding and transmission parameters. Inradfent
approach, we can assume that all applications flcaded to an application server in the networklyCa single
network connection is required to communicate @semts and display updates over a thin client patoNe
present a cross-layer algorithm that analyzes hire dlient protocol information and puts the mediaecess
control layer (MAC) in sleep mode when no traffiorh the server is expected.

4.1.3.1.1Thin client protocol operation

In general thin client protocols can operate eitimjepush or pull mode. In push protocols, such asrdgoft
Remote Desktop Protocol, the server autonomougdbranes the rate of display updates that is setitd client.
In pull protocols, such as Virtual Network Compugti(WNC), the client explicitly requests a new degplupdate
from the server. Although push protocols can guaerm fixed transmission rate of display updatedeurall
circumstances, they might overwhelm the client.plrsh protocols, the rate is automatically adjudtedhe
network status and to the client's processing dfyalibut the frequent requests lead to an indreasipstream
bandwidth consumption. Here, we will focus on VN@iich is a pull protocol.

VNC was chosen because of several reasons. FIX&, i¥ (besides FreeNX) one of the few availablenopeurce
thin client architectures. Furthermore it is wideised. Inside the MobiThin scope, VNC was therefoitbheld

for implementation of thin client protocol optimtitan prototypes. By implementing all optimizaticinsthe same
architecture, compatibility remains ensured andssible future integration is facilitated.

Figure 4 depicts the two ways how a VNC server rempond when it receives a request from the cliénhe
display has changed since the previous update evasthe request will be answered immediatelyhéfdisplay is
unmodified since the previous updatedeferred updatenechanism is activated. In this case, a timetased
when the display is updated for the first time rafexeiving the request. This timer goes off afigs, and then a
display update is sent. This update includes thglaly changes that occurred during the timer iaterv

“Networks of the Future”
FP7 — ICT — GA 216946 -10 -

2007 - 2013



MobiThin — D5.6 - Phask Experimental Validatior- Emulations Date: ler juillet 2010

VNC Server VNC Server
. — display update #N__ |
display update - |
key “A” k ?“'
—=r A [ _ key
display request key “B" 11
__ HN#H1 — - def o
- — displ;{lugdate
display update| |— -
e
\/ Yy

Figure 4 -Immediate (a) and deferred (b) serve responses to display update reques

4.1.3.1.2Cross-layer algorithm

From the viewpoint of the client, the update follogr a display request must not be expected eahsm one
network roundtrip time (RTT), as can be seerFigure 5.During this interval, the wireless platform on ttlent
can be put in sleep mode without risking to misg ianoming data. The platform needs to wake up aviign ar
update is expected, or when user events must bentitted. In the following discu:on, we will assume that only
with an interval of T, user input is sent upstream. This can be achibyduliffering user events at the applicai
layer during Te

The size of the interval to put the MAC layer ieegp mode can only be calculated baon application level
information and hence a crelsg/er mechanism is required, as presented in FiguEvery time a user event or a
request is transmitted, the application layer deitees how long the MAC layer can be put leep mode, based
on the forecasted reception of the next updates fidnecast algorithm, presentedAlgorithm 1, is activated each
time the client transmits or receives d:

- T e > forecast
T next update
application : ) ! o (—
o & L8
al 2 3 8 sz 8 &
Y Y
MAC X SL [TX]sL [ I [Rx]I[Tx[SL|TX |-

 —— 1 Tt |
"

Figure 5 - Cross-layer approach

The application forecasts when the next update will be received. Theingless platform is put in sleep mode during interals
without communication.
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Algorithm 1: Algorithm to forecast the next update, invoked each time data is sent or received.

Require: RTT and T}y are initialized
CT + getCurrentTime()
if data.type == request then
if displayedU serEvents < seqlUserEvent then
timeN extUpdate +— CT + RTT
nextl pdateScheduled = true
else
de ferredUpdate = true
nextUpdateScheduled = false
end if
else if data.type == input then
seqUserEvent + +
if 'nextlUpdateScheduled and deferredll pdate then
timeN exilUpdate +— CT + RTT + Tyeg
nextl pdateScheduled = true
end if
else {update received}
nextU pdateSchedul=d = false
displayedlU ser Fvents — data.update.displayedEvents
end if

When a request is transmitted, the algorithm chétltere are any transmitted user events thatnateyet
displayed. If this is the case, the request willilmenediately answered by the server, and the upcdatebe
expected in 1 RTT. Otherwise, the deferred updatehanism of Figure 3(b) will be activated when ilegt user
event is received by the server. The update icésted to be received RTT 4efafter transmitting the next user
event.

4.1.3.1.3Simulation results and discussion

We have implemented the cross-layer algorithm ighfWNC 1.3.10 for Unix and validated on a test get-
composed of a client and server machine that dezcionnected by an impairment node and a 802.1tneha
simulator implemented in ns-2. The parametgrilas varied between 20 and 70 ms, the network topriiime
(RTT) between 30 and 100 ms and the wireless chaaik loss between 60 and 90 dB. Each experimest w
repeated 10 times to reduce the influence of randariations. The ns-2 simulator was equipped witkrgy
models to measure the power consumption of thdegiseplatform. In the experiments, keystrokes vgemrgerated
during 2 minutes, with a period of,J and transmitted to OpenOffice Writer, a text edit

Figure 6 provides insight in the energy gains tizat be achieved when activating the cross-layerigfgn (XL).
The total energy consumption is shown for bothgtate of the art (SoA) and the cross-layer algoriivesented
in previous section. The SoA approach refers toimam good-put link adaptation algorithm that udes fastest
possible transmission scheme for a certain path (ldsscribed in D5.3). For XL, also the energy comgtion in
each of the 4 states of the wireless platform mwsh These 4 states include transmit, receive, mthe sleep.
During transmit (TX) and receive (RX) states, asirttname says, the terminal is either transmitbngeceiving
information. During the idle state, the terminabidy detecting incoming frames by activating thenf-end (FE)
but not the digital base band (BB) to shift quicklyanother state. It can be optimized througheasistate that
turns off most of the platform components when weesare that no data is received.
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Figure 6 - Energy consumption of the wireless energylatform with RTT = 30 ms and 60 dB pathloss. Highewalues of T, result
in longer periods without communication to put thewireless platform in sleep mode.

Increasing values of L result in less data to be sent, because useriglgi@nerated less frequently. This also
means that the display will change less frequeiince, the amount of display updates decreasesdiagly,
less data is received by the client and less ensrgyonsumed by the wireless platform in the rezeitate.
Nevertheless, in the case of SoA, higher valueg,pare not reflected in a significant decrease ofttia power
consumption. This confirms the observation that immportant fraction of the wireless platform energy
consumption is due to the time spent in the idledepcas explained in section 4.1.3.1. By contrdsd, XL
algorithm is able to exploit these longer interwvalthout communication, and power savings are aauef 21 %
for Tye=20 ms and up to 49 % fog,E 70 ms.

More results, for other values of the path loss thiedhetwork RTT, are presented in Table 1. Fgr=T40 ms, the
relative gain in total power consumption variesnssn 35 % and 49 %.

Table 1: Average idle time per second for both state-of-thaeft (SoA) and the cross-layer algorithm (XL), for T,. = 40 ms. The
values are in ms.

pathiloss (dB]
[5] 1] Eith] o
SnA X1, | SoA XI. | SoA XI. | SnA 1.
an 08 114 | 986 432 D87 430 | 983 483
30 987 04 | 98T 418 98T 415 083 423
70 0% 8 333 | 987 536 | 987 337 054 547
100 | 990 378 | Qo0 304 082 380 | G487 421

RTT [ms]

For SoA, it can be seen that the platform is mbent98 % of the time in idle state, due to the tawe of thin
client protocol traffic. XL succeeds in reducingsthdle time to approximately 40 %. We have chosen
implement the algorithm in a conservative way, mdev to preserve the user responsiveness. If the &rror
between the predicted and the actual moment ofiviagethe next update was higher than 10 ms, the XL
algorithm was disabled until two more display updaare received. If the platform is in sleep modeleva
display update is being transmitted, this will leserved as packet loss at the TCP layer and asased latency
at the higher layer. Consequently, the TCP algorithill apply the congestion control algorithm aretuce its
sending rate, resulting in decreased user respams$g for the next updates as well. By disablirg Xh
algorithm for the next two updates, we allow TCRedoover from the path loss and increase its sgndite to the
same level as before.
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Because the results on the gain in total energwuwoption are hardware dependent, we have addea Pabl
presenting the average idle time per second olvttedess platform.

Table 2: Relative gain in total power consumption oXL vs SoA for T, = 40 ms.

pathloss [dB]
60 70 80 90
30 | 4488 4379 4372 3390
50 | 4540 4481 4494 4386
70 | 36.25 36,65 3649 3539
100 | 4842 4783 4804 4522

RTT [ms]

4.1.3.1.4Conclusion

When running an office application over a thin stiprotocol, the wireless platform is about 98 %itaf time in
the idle mode. In this chapter, a cross-layer éechire was presented that uses application lafernhation to
instruct the MAC layer to go in sleep mode whendata needs to be transmitted or received. Moreifsqaly,
the reception time of display updates from the eeiw predicted. The results show that power savinmmto 49 %
can be achieved.

4.1.3.20verall XL — UDP

Originally, VNC works using a pull protocol, witthe client specifically requesting a new server tpdas

explained in D3.4, this leads to unnecessary ugstigandwidth consumption. Therefore, VNC has beedified

to operate as push protocol, with the server pgstisplay updates to the client. The server costtioé rate of
display updates and this rate is a trade-off betw®eality of Service (QoS) and energy consumptibhmn

client. Whereas higher display update rate williaye user perceived responsiveness, it will alsalte in more
traffic to be received in downstream direction &etice more energy consumption.

A second modification to the original VNC operatisrthe use of UDP in downstream direction, insteh@iCP

on the original VNC. The rationale behind this e tfact that we will be pushing display updatesltent at

regular interval. Hence, lost display updates shaudt be retransmitted (as would be the case withe)T

Secondly, the switch to UDP eliminates the TCP aekadgements sent in upstream. Third, becauselidet c
can easily predict the arrival of the next upd#te, WNIC of the device can be put in sleep modeldager

intervals, as compared to pull-case reported iticsed.1.3.1. Consequently, important energy ganesexpected.
The work reported in this deliverable focuses ondvadth gains that can be achieved by using VN@ asish

protocol over UDP.

4.1.3.2.Bandwidth measurements
Bandwidth measurements are performed for VNC ovePland compared to the standard VNC solution rugnnin
over TCP. Data is captured at both server andtcéiele through Wireshark for downstream and upsir&affic
respectively. Measurements are performed for VNEr &DP for different display update rates e.g. &0, 90,
120 and 150 ms, and the results are compared Wth Minning over TCP to observer the bandwidth gains
Measurements are performed for a scenario in wihietuser opens Firefox browser and reads a BBC agvete,
checks the Mobithin website and replies to an emsilg Gmail.

413211 Downstream

In Figure 7, the downstream bandwidth consumptiopresented for both TCP and UDP. The total dowastr
bandwidth is composed of TCP acknowledgements a¥@ Waffic. For the latter, both the VNC/UDP/IP keas
and the actual payload (display updates) are shtivim.observed that by using UDP as a transpartgeol and
by decreasing display update rate, a bandwidthctemucan be achieved up to 29 % depending onetfiesh rate
at server side. This bandwidth reduction will alkerease the energy consumption of thin clientiaslegs card
consumes lot of energy while sending and receidatg. For display update interval of 30 ms, the rmkiveam
bandwidth consumption exceeds the TCP-pull bandwidinsumption. It appears that, for applied use,cte
average interval between subsequent updates i 8Baus for TCP-pull. In other cases, with differealues of
network roundtrip time or used application, thightidiffer.
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Total Data downstream
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VNC-headers
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Display update Rate

Figure 7 - Bandwidth measured in downstream crection. Most bandwidth is consumed by the display update$VNC -headers”
is the bandwidth used for IP/UDP/VNC headers to erapsulate this data. TCI-ACK are the acknowledgements for the receive
user events.

It is observed that the total downstream baidth only increases slightly witthe display update rate. At first
sight, one would expect a linear decrease, i.ebliftyithe interval between subsequent display wgsdabuld hal
the downstream bandwidth. Because the total doeaisibandwidth is a fuction of both the size of an individu
update and the number of display updates thattisbig sent, we have investigated the effect orhlp@rameter
of changing the display update rate. If we decrdhe display update rate, more changes will ocat the server
side, more areas of the screwed to be updated and tiisplay updates are larger in size. This effeciégrly
seen in Figure 8This graph shows the average sizea display update, whicimcreaes for higher values of the
interval between subsequent display upd

Downstream data per display update
12

10

KBytes/FB
=)

TCP-pull UDP30 UDPGO UDP90 UDP120 UDP150

Displau update rate
Figure 8 - Downstream data per display update in downstream déction

The configureddisplay update rate only determines the period laitlwthe server checks whethehe client
display update needs to be updated or If no display changes occurred, nothing will bets€or high display
update rates, it can be expected that sometimesliiday has not changed. This is confirmedFigure 8,
indicating the number of display updates that tsi@ty sent

If we compare Figure 8 arfedigure9, we can conclude that with a decrease irdtbplay update rat¢the number
of display updates decrgss and downstream data per display update insressthere will be more data to
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sent in downstream directio®n Figure 8it is observed that at refresh rate of 30 msrge number of tins
there is no change on servelei So, no update is <.

Display updates in downstream

4000

3500

3000

2500

2000
W Nothing changed

No. of times

1500 A
M Display updates

1000 -

500 -

TCP-pull UDP30 UDPG0 UDPSO UDP120 UDP150

Display update rate
Figure 9 - Number of display updates at the end the experinm.

4.1.3.2.1.2 Upstream

Because loss of user events cannot be tole, it was decided to keepCP as transport protocol in the upstre
direction. Hovever, using UDP protocol in downstream directios haajor impact on bandwidth reduction
upstream direction as well. By using UDP in the detream direction, no upstream TCP ACKs need te€lt.
Second, no more display update requests need $erii As indicated in FigurdG, these two factors represent a
significant fraction of the upstream traffic in tHeCF-pull case. We can gain up to overall 75% bandw
reduction by eliminating 58% TCP acknowledgements display upate requests help to reduce more bandw
up to 17%. Display update rate has no effect onughsream direction as this rate is related to tgsdaoming
from server side. User events are generated atatine rate for both T(-pull and UDF-push version of VNC.

Total upstream data

2.5
Display update requests
5 1 = TCP-Acks
m User events
1.5

KBytes/sec

Q -+ T T

TCP-pull UDP30 UDPEO UDPSO UDP120  UDP150

Display update rate

Figure 10 - Bandwidth measurement in upstream direction

4.1.3.2.2Conclusion
We can conclude that by using VNC over UDP, thedbadth reduction can be achieved in both upstreanh

downstream direction. Major gains can beieved up to 75% in upstream direction and 29 % awmbktrean
direction. Reduction in bandwidth will also redute energy consumption of wireless card of thiertk as i
consumes lot of energy while sending and receidata. We can gain up to 70% energy consumption by
running this UDPpush VNC on Overall Cross layer algorit!
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4.1.3.3MAC-PHY Cross-Layer for LTE

For validation we consider the following scenaddE uplink (UL) and downlink (DL) transmission with
20 MHz bandwidth, using the software defined raalatform (SDR) power consumption figures [3]. Foe tUL
scenario we selected the time division duplex (TRDp-frame sequence from the standard with theesigh
UL/DL sub-frame radio and for the DL the sequendth whe lowest ratio. We then derive for differesaiues of
path loss (60-105 dB with steps of 5 dB), a traffecorve between consumed power and goodput basdatieo
design flow as described in Section 4.1.2.2 (Figut®. For these curves all the possible configaretiare
simulated at design-time. The optimal ones are &agtstored in a look-up table, which the termosal access at
run-time. Our configuration space consists of ao$etodulation schemes (QPSK, 16-QAM, and 64-QAbbde-
rates (1/3 1/2 2/3 3/4 7/8 1) and PA settings couon for the single-antenna case (SISO) all sttpddoy the
LTE standard.

4 . . . . .

105 100 95 30 : Juk
2ar 4 i b % $80
{ [ 3

L .

F 255

o ]

1

30 60

Goodput [Mbps]
Figure 11 - Power-goodput curves for different patfoss values for UL traffic

On each curve, the red markers touching the lime®i optimal configuration points. The linear iptdation
represents the duty-cycling mode. This means thatwvthe required goodput is lower than the goodffated by
a certain configuration, the power consumption Wl linearly scaled through the red line. Whengéath loss is
reduced, the system can exploit higher-order castss and, by doing so, reduce its duty-cyclingnce the
average active power.

To validate our approach, we simulated a UL trassion of an average of 2 Mbps, with an average lpath of

80 dB (100m distance from the eNB) under a timeswar wireless scenario (Figure 12). We comparettial

energy of the MAC-PHY XL solution to two referenstate-of-the-art (SoA) policies: maximum goodpud éazy

scheduling. The first one selects the modulatiodeerate, and PA settings that achieve the higiestput for a
given path loss. The second one selects the lotnssémission speed fitting the required data réate.assume
that the eNB is always using the modulation anceaade that optimizes the UE energy consumptiotjsfis not
the case, the energy gains from the XL approadhbeilower.
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Wideo load [Mbps]

Time [3] —— Max Goodput
—=— Lazy Sched.

Figure 12 - Video application during a 50 s simulabn.

The first two sub-plots on Figure 13 representdata rate requirements and the instantaneous gsghEach of
these variables shows large fluctuations typicah ofireless multimedia scenario. The third subglmws the
corresponding required power for the referencescaseipared to the XL solution. The gain achieveddeto an
average power reduction of 50.7% compared to maxirgaodput and 70.89% compared to lazy schedulirly wi
an average power of 69 mW. The average power bosakger platform component is compared for theehre
different policies in Figure 13. The componentscdiéed in the figure include the power amplifierAjP the
transmit front end (TXFE), the receiver front eRXFFE), the local oscillator (LO), the digital basend (BB), and
the sleep or leakage energy from all the wholefquiat.

250

. e
I T-FE
N rxFE
200+ l:l Lo H
O eE
| Sleep

150 B

100 - B

Average power [mW]

S0 B

hax Good. Lazy Sched. HL

Figure 13 - Average power consumption between XL an80A solutions for the UL

Compared to the XL solution, the maximum goodptdtegy is penalized by the large PA power consuwnpti
On the other hand, lazy scheduling is penalizethbylarge duty cycling of the other componentssTdiality is
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central to the success of cross-layer approachiésowt an integrated optimal decision, the systeastes energy
either in the PA or in excessive duty-cycling.

Comparing our approach with other state-of-theSIR platform solutions like WCDMA [5][6] used in UN&
standard we can obtain a power reduction from 240m89mW with an energy efficiency of 30 nJ/bistiead of
120 nJ/bit for the same data rate [7].

For the DL case, the gains tend to be smaller dimed®A has limited contribution (mainly acknowledgents) in

this context and the energy savings achieved ftebaseband can be marginal. The power-goodpug danthe
DL is shown in Figure 14.

Wireless trade-off, Scaldio meas, duty-cycling up to 100%
DE T T T T T T

105 w100 w35
0.7 F =

0.6 e
05 L&

0.4

P'Wireless []

0.3

0.z

0.1 y

El - | 1 | 1 1 1 | 1
0 a 10 15 20 25 an 35 40 45

Goodput [Mbps]

Figure 14 - Power-goodput curves for different patloss values for DL traffic.
In this case, the scalability comes mainly fromBieprocessing rather than from the PA, reducinthis way the
potential gains.

For a similar comparison, we simulated a DL tramssiin with an average of 2 Mbps and an averagelpsshof

80 dB under a time-varying wireless scenario (Féglis). Again, we compare the total energy of theQRRHY
XL solution to two reference state-of-the-art (Sqd)icies.

“Networks of the Future”
FP7 — ICT — GA 216946 -19-

2007 - 2013



MobiThin — D5.6 - Phase Il Experimental ValidatioBmulations

Date: 1er juillet 2010

Yideo load [Mbps]
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Figure 15 - Video application during a 50 s simulaon

As in the previous example, the first two sub-plots Figure 15 represent the data rate requirenemdsthe
instantaneous path loss. The third subplot shows citrresponding required power for the referencgesa
compared to the XL solution. The gain achieved detal an average power reduction of 23% compared to
maximum goodput and 76% compared to lazy schedulitiy an average power of 49 mW. The average power
breakdown per platform component is compared fetttinee different policies in Figure 16.
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Figure 16 - Average power consumption between XL an80A solutions for the DL

The potential gains of XL with respect to maximuood-put are reduced because the PA consumptiortpena
comes only from the transmission of acknowledgeme®n the other hand, the gains with respect ty laz
scheduling remain high since in the DL it is theydaycling of the rest of the components that dates the
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power consumption. Clearly, as in the WLAN caseQaerall XL approach can be taken which benefibsrfithe
information of upper layers.

4.1.4 Conclusions — Requirements met
The following table summarizes the applicable systequirements established in D2.1.

No
4

10

11

28

32

42

Requirement Comment

The user SHOULD be as much as possible in thee adaptivity of the overall XL approach is
dark about using the MobiThin framework. transparent to the user.

The MobiThin framework SHALL support differentOK
user movements (user and terminal mobility).

The Thin client device using MobiThin adaptiv®verall XL approach targets energy efficiency for
protocol SHOULD be energy efficient and be awawerequired data rate without degrading QoS
of the trade-off to quality and energy efficiency.

The power consumed by a Thin client device usidg MAC and PHY, XL consumes less energy than

MobiThin adaptive protocol SHALL be lower tharSoA solution. This effect is more pronounced for

when using traditional thin client protocol for thénigh-traffic applications. Energy gains are highly

most demanding application increased with close interaction between
application layers and the wireless link.

The thin client device SHALL support at leastorCurrently, XL supports WiFi interface, as well as
wireless communication interface (e.g. WIiFi,.TE.
UMTS, WIMAX, LTE, Bluetooth...)

The targeted mobile thin client device SHALIMAC-PHY XL adaptive algorithm optimizes
support an adaptive cross layer optimisation featygower consumption for a required application data
for bandwidth usage reduction, reduced poweste under a given channel path loss. With an
consumption, optimal user experience whatever theerall XL algorithm benefits from sleeping
network conditions. periods allowed by the application layer.

MobiThin framework SHALL cope with packetMAC-PHY XL algorithm copes with the packet

loss in the network and adapt the error resilientmss by selecting a terminal configuration that

mechanisms to the various types of applications provides a certain goodput (error-free throughput)
with the lowest power consumption. By including
overall XL we can achieve higher energy gains
without compromising QoS.

4.2 LINK OPTIMIZATION HARDWARE EMULATION (XMSF)

Supporting the Link Optimization NS2 Emulation, slew the gains achieved by the MAC-PHY approacteund
a more hardware-oriented simulator (only lower taydAC and PHY) for an 802.11a transceiver. Thisisator

is called Cross Layer MAC Simulation Framework (XK)Slts modeling is based on the IMEC SDR platform
[3]. The main difference with the NS2 simulatotthisit the XMSF is more accurate at hardware levhlleANS2
works at packet level.

The main objective of the XMSF emulator is to werthe implementability of the XL approach in an SDR
platform by a detailed hardware modeling. This fpla-oriented emulator is therefore equipped withthbXL
and SoA algorithms. In this context, XMSF can oslyow the operation and potential gains of XL during
transmission, i.e., in the UL case, and as weseidl, higher gains can be achieved between XL aAd@darger
data rates.

4.2.1 Software/hardware architecture

Since the details of this emulation were given B3 we will present a brief recap only. The XMSFai set of
tools that allows simulating the control softwaoe the IMEC SDR platform. The control software ruors the
control processor (ARM) and is written in ANSI G.ilplements the data path that forms the 802.Haipal

layer and the some time critical functions of tf#281 MAC layer. Besides that, the MAC-PHY XL fuioctality

has been mapped on it.
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With this emulator, several emulated terminalsn@raitting or receiving traffic) can be connectedetiher
through a wireless channel model. In this way,Rhe and MAC functionality can be validated at netkevel
using a realistic scenario by displaying informatsuch as:

e The channel state between all the simulated tetmittee packet error rate (PER),

e The energy consumption of the major components

e The state of all these major components: on/ofigiréng/transmitting, modulation, coding rate.
* The state of the PHY layer control software: Rx/@atrier sensing, transient modes.

e The state of the MAC layer control software: Netkwélocation Vector (NAV), SIFS timings, back off,
acknowledgements, header information.

e The state of the MAC-PHY XL and state-of-the-amdtionality: configuration selection
For each terminal, this information is displaye@iwindow like inFigure 17.

Packet Transmission by LLMAC
4 ACK Reception

— E—— SIFS 'y
| [ W
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FEO.O004 52,500 7ES, 000

Figure 17 - Timing and state information per componat of the SDR platform

Each of the rows represents a different componénthe platform, timers, header information. The azel
represent the radio state (red for transmittingegrfor receiving, light green for idle). This typedemo shows a
very accurate description of the SDR platform aspatesents a valuable tool in the design flow.

4.2.2 Description of experiments performed

Based on the experiments defined on D5.5, we as$dhs energy consumption of a thin client withtatesof-
the-art solution and with a MAC-PHY XL solution. iFis we simulated 2 receiving and 2 transmittieigninals
in a WLAN network and compared their average posegrsumption.

The experiments consisted of varying the data ma@esmission for low mobility and fixed path loskaree
different data rates were considered, 2 Mbps, 1dyiapd 200 kbps, common to a low-traffic scenaimmpared

to NS2 where we use real traffic from applicatiagdrs, here it is assumed that the data rate istaminand we
focus on the modeling and timings of each of theRSplatform components rather than the packet-level
simulation. The traffic simulated through XMSF indes the transmission of data packets and the trenegpf
acknowledgements, so no DL implementation of Xkimulated. During each experiment the state gblatform
components is simulated with a high timing accuraieg its energy consumption is computed using Xd. asing
SoA approaches.

4.2.3 Results and interpretation

As explained before, the first experiment consistsa 2 Mbps scenario. Below we show the resultsaof
transmitting terminal first using a SoA approachd ahen XL. The components shown include: CSDI : g@ow
consumption for the carrier sensing of the digifatform
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RxAN: receive power in the analogue part

RxDI: receive power in the digital part

TxAN: transmit power in analogue part

TxDI: transmit power in digital part

WTDI: power consumption in waiting or idle modegaming knowledge of the data rate)
BBE: base band engine

DFE.TO: digital front end for single-input-singletput (SISO), i.e. one single antenna.
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Figure 18 - Power breakdown of the SDR platform usig SoA
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Figure 19 - Power breakdown of the SDR platform usig XL

As can be seen in Figure 18 and Figure 19, theageepower consumption of the front

end (DFE) is ithamt

over the baseband (BBE), being the Analog FE rece(RxAN) and the PA the largest contributors. The
scalability of the PA exploited by the XL approamntributes to the energy gains achieved, i.e. faonaverage

power consumption of 215 to 132 mW reduction.
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A 1 Mbps scenario is shown in Figure 20 and Filirdirst using a SoA approach and then XL.
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Figure 20 - Power breakdown of the SDR platform usig SoA
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Figure 21 - Power breakdown of the SDR platform usig XL

A 200 kbps scenario is shown in Figure 22 and E@®# first using a SoA approach and then XL.
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Figure 22 - Power breakdown of the SDR platform usig SoA
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Figure 23 - Power breakdown of the SDR platform usig XL
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Table 3 shows the results of the power consumgtiuh gains for the three cases described beforexpscted
this gains are increased with higher UL trafficedo the PA scalability. As the data rate is desedathe BBE
contribution becomes more dominant and it is frbm adaptation of knobs like the modulation and cadle and
the duty cycling (ON/OFF duration of the platforthat some energy gains can be achieved. Also a @asop
between the gains obtained with XMSF and NS2 fersédime scenario is presented. As can be seeridtehégh
correlation between the results obtained with lsottulators.

As a logical consequence, these results pointtaiteaven higher energy gains can be achieved thraughter
communication with upper layers as was demonstnattidthe Overall XL implemented in NS2.
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Table 3 Power consumption and energy gains for both statefahe-art (SoA) and the cross-layer algorithm (XL)

Data Rate Power Power Energy gains shown Energy gains
consumption SoOA Consumption XL with XMSF shown with NS2
(mw) (mw)
2 Mbps 239 156 35% 35%
1 Mbps 178 140 21% 22 %
200 kbps 131 122 7% 6%

4.2.4 Conclusions — Requirements met
The following table summarizes the applicable systequirements established in D2.1.

No
4

10

11

28

32

42

Requirement Comment

The user SHOULD be as much as possible in the d&he adaptivity of the overall XL approach is
about using the MobiThin framework. transparent to the user.

The MobiThin framework SHALL support differentars OK
movements (user and terminal mobility).

The Thin client device using MobiThin adaptivMAC-PHY XL approach targets energy
protocol SHOULD be energy efficient and be aware efficiency for a required data rate without
the trade-off to quality and energy efficiency. degrading QoS

The power consumed by a Thin client device usidg MAC and PHY, XL consumes less energy
MobiThin adaptive protocol SHALL be lower than whethan SoA solution, more pronounced for high-
using traditional thin client protocol for the mostraffic and UL applications.

demanding application

The thin client device SHALL support at leasteoriThe XMSF simulator supports currently and
wireless communication interface (e.g. WiFi, UMTS302.11a transceiver
WIMAX, LTE, Bluetooth...)

The targeted mobile thin client device SHALL pag MAC-PHY XL adaptive algorithm optimizes
an adaptive cross layer optimisation feature fpower consumption for a required application
bandwidth usage reduction, reduced power consumptidata rate under a given channel path loss. This
optimal user experience whatever the networkas shown with a detailed platform modeling
conditions. from the XMSF.

MobiThin framework SHALL cope with packet loss i MAC-PHY XL algorithm copes with the

the network and adapt the error resilience mechante packet loss by selecting a terminal

the various types of applications configuration that provides a certain goodput
(error-free throughput) with the lowest power
consumption.
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5 QVERALL CONCLUSIONS

Text in common for D5.6 and D5.7

5.1

RESULTS SUMMARY

Evaluation reports were presented on well-sele®d's covering essential parts of the MobiThin aystas well
as evaluating integrated subsystems. The PoC'snedkfin D5.5 were selected on this basis (i.e.noigthg
coverage of the MobiThin system), and all have besatized according to the design envisaged in DArb
additional PoC, addressing direct access of loedphperals by the mobile terminal, has been desigrealized
and evaluated. Each of the proof-of concepts repovtere designed, observing the architectural reménts
(D2.2) and the specified interfaces.

As major results from the PoC related work, we Bjpadly mention:

5.2

Prototyping of all major components of the MobiThirchitecture, and inclusion of key-components in
an integrated demonstrator.

Important protocol optimization strategies wereigiesd and evaluated, more specifically

0 optimization of energy consumption, through variauess-layer approaches (MAC-PHY as
well as intelligent buffering of upstream traffic)

a new MPEG compliant image transmission has beeslaleed,

o0 localization of video content, in order to adap transmission strategy to the specific content to
deliver,

The Service Management Framework was developeewaadated in an E2E setting to assess functional
correctness. In addition energy saving and sessiignation strategies were designed and thoroughly
evaluated on a emulated environment.

Compliance with IMS by including SIP-based demaatsirs was achieved
The 1/O facilities for the mobile thin client weemhanced considerably:

0 remote peripherals were demonstrated (focusing 8B devices — enabling remotely running
applications to access advanced I/O facilities obite terminals)

o the issue of accessing advanced local peripherals (O devices connected to the mobile
terminal) were successfully demonstrated.

0 an application based on speech input was demoesgttatOn the mobile terminal, an innovative
demonstration of peripherals has been performéa\imlg the mobile terminal to access local
peripherals thereby optimizing 1/0 and hence ugpegence.

REQUIREMENT COVERAGE

Each of the PoC satisfies an important number gfirements, already specified in D2.1. Nevertheless all
requirements have been demonstrated in the Po@5 .&f7.

Following major reasons why some requirements ateovered by the demonstrations can be identified:

1.

The requirement is on the MobiThin environment eatithan on the MobiThin system itself (e.qg.
underlying network infrastructure). As such, thesquirements are not to be met by the MobiThin
system, but rather by this environment. (This was the case for Phase | demonstrations.)

Although implemented as components, some compomeTs not included in the PoCs. This is the case
for

a. the monitoring subsystem
b. the application delivery subsystem
c. the business support system

For the latter (i.e. the business support systdm)approach was followed to provide standard fiateis

to business support systems (many competing preduetavailable), rather than to tightly integrae
such system. Therefore, the business support msctare not demonstrated, but it can be readily
expected that offering standard interfaces wilbwalproper operation of business support functidme
monitoring subsystem was not included as a whadenés monitoring functions were used in specific
demonstrations) in the integrated demonstratiorini;naue to timing constraints (here also, the ake
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standard interfaces (in this case SNMP) reducesigkdor integration issues). Including the apation
delivery subsystem in the integrated demonstrasi@urrently underway.

In the table below, a quantitative overview is givi®@ show how many requirements fall within eachtlu#
categories. A limited number of requirements (&) oat be attributed to one of the categories listedve, and
will be further detailed below.

Type of Requirement SHALL SHOULD MAY Total

Covered in Phase | demos 28 21 11 60
Covered in Phase Il demos 34 20 8 62
Covered in Phase | or Phase |l demos 39 28 12 79
Requirement on environment 1 3 1 5
Monitoring subsystem not included in demo 21 7 2 30
Business subsystem not included in demo 9 2 0 11
Application Delivery Service not included in demo 5 3 0 8
NON-requirement (54) 1 0 0 1
Total 76 43 15 134

Requirement coverage: quantitative overview.

Regarding the requirements on the MobiThin envirentnthese mainly address the targeted device {hatenany of the
requirements on these devices have been includethendemo “Mobile thin client Integration”) and theetwork
environment.

21 SHOULD The targeted mobile device SHOULD have itdmior external smartcard
reader

26 MAY The mobile device MAY provide for other intedes such a 1D/2D bar coq
reader, a RJ45 interface

55 SHOULD
The network layer SHOULD enable terminal mobility

66 SHALL Data storage servers SHALL allow users toess their data from outside ¢f
a thin client session.

67 SHOULD Data SHOULD be transferred to TC Servereay high speed to avoid any
additional latency

Requirements on MobiThin environment.

Requirements not demonstrated, which are not ieclud the categories described above, are givémeitable below. All
these requirements, except for requirement 59, \dgntified as “under discussion for demonstratiorPhase II” in

D5.3/4
1 SHALL | The MobiThin framework SHALL After discussion, found not relevant to
support residential and business user. | include in project demo’s.
41 SHOULD | The dejitter strategy SHOULD be The project has focused on real time
adapted based on the intrinsic propertiggraffic (no video/audio playback, for
of the traffics which dedicated solutions exist).
Dejittering is hence not applicable.
59 MAY TC server MAY run Windows Not included in the demo, no problems
applications expected due to virtualisation approach
taken at the TCS level.
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76 MAY SMF MAY take into account anonymous After discussion, found not relevant to
users include in project demo’s (a dedicated
account can be crated for test purposes,
reducing the need for anonymous userg).

80 MAY SMF MAY additionally support one or | As MobiThin is not focusing on AAA
more of the following authentication issues, this MAY requirement was not
methods (non exhaustive list): taken on board for the componente work.

- SSO

- Access Control Authentication
- Network Authentication

128 MAY Session migration service MAY be Not implemented, but straightforward to
suspended do so (no architectural problem, only a

matter of updating the session migratio

algorithm). T

Miscellaneous requirements not covered by the PoC'’s

5.3 HNAL REMARKS

All Proof-of-Concepts originally envisaged have beealized, showing not only proper operation ahponents
and subsystems in isolation, but also in an integraend-to-end system. For the subsystems curremdy
integrated, the architectural approach and the afsestandardized interfaces reduces any risk fothéur
integration. As such, the realization on the Po@ allow further integration of the total systentjrging the
solution closer to a commercial product.

In addition, we can state that all main requireradmive been addressed, as is also concluded igy#tem
review, reported in D2.6. The system also allowsafvanced 1/O facilities (including audio/videgirt through
remote peripherals and audio/video output on higth-8evices connected to the mobile terminal). Ccanpk
with IMS, a very important aspect for deploymentaito environment. has been studied in D2.6 antesof the
PoC were indeed designed to demonstrated this ¢amcgl
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