|JRET: International Journal of Research in Engineering and Technology

el SSN: 2319-1163 | pl SSN: 2321-7308

QoSMANAGEMENT FOR MOBILE SATELLITE COMMUNICATION

M.Adhirai, R. Kurunjimalar?
PG Scholar, ?Associate Professor, ECE Department, SMVEC, Puducherry, India

Abstract

In this paper, a cross-layer architecture (QoSatAr) is developed to provide end-to-end quality of service (QoS) guarantees for Internet
protocol (IP) traffic over the Digital Video Broadcasting-Second generation (DVB-S2) satellite systems. The architecture design is
based on a cross-layer optimization between the physical layer and the network layer to provide QoS provisioning based on the
bandwidth availability present in the DVB-2 satellite channel. One of the most important aspects of the architecture design is that
QoSatAr is able to guarantee the QoS requirements for specific traffic flows considering a single parameter: the bandwidth
availability which is set at the physical layer (considering adaptive code and modulation adaptation) and sent to the network layer by
means of a cross-layer opti mization. The architecture has been evaluated using the NS-2 simulator.
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1. INTRODUCTION

In recent years there has been a tremendous giowtiobile
communications and new wireless technologies hapély
emerged. As demand for communication connectivity
“anytime, anywhere, and any way” increases, hetsregus
network design trend will grow faster supportincarséess
integration. Satellite communication plays a sigaifit role in
supporting such architectures through hybrid
Satellites/Wired/Wireless infrastructure. Within ethlast
decades, geostationary (GEO) satellite systems hageme

an essential asset for Europe and all society. This
infrastructure enables us tocommunicate and send
information globally, allowing to reach large andspkrse
populations around the world, it makes feasible the
provisioning of on-demand data and any type of rirge
protocol (IP)-based services in real time.

The main challenges that this technology faces he t
provisioning of end-to-end (E2E) QoS guaranteesraleged
to its native characteristics. For instance, tHayjehat affects
the performance of the transmission control prdtq@&P)
[1], can seriously affect the delivery of time wé@ data to
end users. In this article we propose QoSatAr,css:tayer
QoS SATellite ARchitecture to provide E2E QoS gnésas
for IP traffic over the forward satellite channelhe
architecture design is based on a cross-layer attion
between the physical layer and the network layeertbance
QoS provisioning when different levels of link cajig are
available in the satellite system. The design igetiged in
compliance with the recent standard developedherDigital
Video Broadcasting-second generation (DVB-S2) f2ivard
channel. In addition, the architecture is chardter by the
separation between higher layers or satellite-inddpnt (SI)

layers and lower layers or satellite-dependent (&rs.
This modular reference architecture allows enharczedrol
functions performed by the Sl layers which can litbee
modified or updated regardless of the SD layerrietdgy. In
this way, the design of the QoSatAr architecturdaseloped
at the Sl layers to establish priorities among sisand
applications (allocated at higher layers) that slibe satellite
link interface. Here, the interaction with the laowayers is
defined in order to encompass the service categjaiz and
the overall performance of the satellite networ&clsing on
the Sl layers, the management and control functions
performed at upper layers [3] are enhanced whik $D
layers (i.e., satellite physical, MAC, and link ¢ah which are
strictly satellite dependent) are isolated to ideludifferent
physical layer supports (i.e., for heterogeneotworks).

On the other hand, the DVB-S2 standard definesawatory
the use of the adaptive code and modulation (ACK]) [
techniques, to attain Interactive Services. Sudathrtigues
reduce the available link bandwidth (transmissiate), if
necessary, to achieve quasi-error-free channeliwons for
each individual user to provide them with the mssitable
Modulation and Code (ModCod) value according to the
measured signal-to-noise-plus interference-ratlIR3 value
reported by the return channel. The major benéfadmpting
ACM techniques it is that the obtained spectraicificy is
optimized, being as high as possible for all théelbte
terminals. Nevertheless, there is a fundamentahgdaelated
to the satellite physical layer as it is considepehstantly
changing. In this way, one of the main concernsg$6EO
satellite systems is the management of these batidwi
variations to satisfy the specified QoS levels €ifferent
traffic classes.

Volume: 03 Issue: 01 | Jan-2014, Available @ http://www.ijret.org

243




IJRET: International Journal of Research in Engineering and Technology el SSN: 2319-1163 | pl SSN: 2321-7308

The QoSatAr design is developed inside the DVB-&2\gay
which is the central element in the architectuisTs done in
order to allow satellite operators to easily adiyet proposed
architecture with low deployment cost.

1.1 DiffServ and IntServ [5]

The Internet is being used by business and usemcmities
with widely varied service expectations from thetwork

infrastructure. For example, many companies rely tba
Internet for the day-to-day management of theirbglo
enterprise. These companies are willing to paytlstsuntially
higher cost for the best possible service levelmfrthe
Internet. Similarly, there are many users who ailing to

pay a higher Internet access fee in order to male af

demanding applications, such as IP telephony and

videoconferencing. At the same time, there areiondl of

users who want to pay as little as possible forevedementary
services, like exchanging e-mails and/or surfing YMeb. In
addition to this variety of user expectations, ¢hdias also
been a rapid evolution in the set of Internet ajapions. A
few years ago the key Internet applications weilg ermail,

ftp, or newsgroups.

In contrast, the present-day Internet applicatioage widely
diverse service needs because they transfer a naitge of
information types, including voice, music, videaaghics,
Java scripts, and hypertext links. As a resultheke changes
in user expectations and Internet applicationsyethis a
growing demand to replace the current same-setuiedH
paradigm with a model in which users, applications,
individual packets are differentiated based onrtiseirvice
needs. Architectures for providing service diffdaration in
the Internet have been the focus of extensive relsda the
last few years. These research efforts have ideatifwo
fundamentally different approaches for serviceedéhtiation:
integrated services and differentiated services.

2. E2E QoSatAr ARCHITECTURE DESIGN

The QoSatAr design includes

(i) A cross-layer optimization between the physiegler and
the network layer to provide E2E QoS guaranteessidering
the fact that the DVB-S2 forward channel is affdchy the
presence of rain events.

(ii) A complete active queue management (AQM) systbat
considers Token Buckets (TBs) as rate limitersegulate and
guarantee a minimum transmission rate for eaclidrelfass
according to the priority levels established by gatellite
operator. Here, the queue design considers thewbdiid
delay product (BDP) value to dynamically set theeuwp
lengths to enforce bounded delay values for higbriby
traffic classes.

(i) A modified queuing policy called re-queuingechanism
(RQM) to reduce delay and jitter while improvingethser’'s
Quality of End user (QoE) for the expedited forwagd(EF)
and the Assured Forwarding (AF) traffic classes.isTh

mechanism follows the philosophy of the DVB-S2 dasiin
which retransmissions are avoided because the tayo-w
propagation delay is significantly high. In our eathe RQM
mechanism prevents dropping packets that do néitl fide
DiffServ traffic class specification.

(iv) A dynamic IP scheduler to allocate bandwiddsources
for prioritizing those flows with high QoS requiremts. The
IP scheduler uses an algorithm that adjusts iexmiad values
considering the capacity present in the systems @ighamic
adaptation considers the cross-layer informationt &g the
physical layer to provide enhanced priority for cfie flows
when a reduced and limited channel capacity is reapeed in
the satellite system.

2.1 E2E QoSatAr Architecture

This section describes the main functional blockside the
gateway for the provisioning of E2E Q0S guaranteesr a
DVB-S2 satellite system. The QoSatAr architectuie i
designed based on the DiffServ framework to proviiE
QoS guarantees. The DiffServ architecture defingdthe
IETF allows IP traffic to be classified into a fieinumber of
classes differentiated by priority, to support eliint QoS
levels. The main components defined in the DiffServ
architecture are the traffic classifiers, whicheselpacket and
assign (if necessary) their differentiated servicede point
(DSCP) values; the traffic conditioners which maakd
enforce the rate limitation policy; and the Per Haghavior
(PHB) that enforces the differentiated packet trestts. In
this sense, there are three predefined PHBs: EFaAdF best-
effort (BE). One of the main benefits of adoptihg DiffServ
framework is that the network complexity is tramsthto edge
nodes, enabling to maintain the scalability andpsicity of
the IP network.

The proposed QoSatAr gateway design is focusechertt
layers, in order to empower the QoS functions peréa at
this layer, while isolating the SD layers (i.e tediite physical,
MAC, and link control) to include different physickayer
supports (for heterogeneous networks) [6]. The @sed
design including its separation between high Sédayand low
SD layers is shown in Fig 1. Particularly, the 8ydrs are
defined to deal with QoS differentiation based lom DiffServ
framework. Conversely, the SD layers are proposed f
applying different DVB-S2 channel adaptations.

Volume: 03 Issue: 01 | Jan-2014, Available @ http://www.ijret.org 244




IJRET: International Journal of Research in Engineering and Technology el SSN: 2319-1163 | pl SSN: 2321-7308

Satulie Indopendint Laye (8] | ! Satollo Dapandand Layer 50)

1 Ty

} in
(Classfcaion rd Poam dl o/ = J

making romariing ¥

Makerlng &
“‘ _'I'.w..w'ﬂ-.; 1

Diffary Survy

=

i

£
£~

DVA2 oBathr Gty

Fig: 1 DVB-S2 QoSatAr gateway design

The QoS blocks and their functionalities as a prtthe
proposed cross-layer QoSatAr architecture are testras
follows: at the Sl layer, the DiffServ server, (R®M system,
and the IP scheduler are set up. At the SD layeversl
buffers are defined for allocating packets waititmy be
encapsulated and multiplexed before these are fdeslato
the required RCST. For simplicity at Sl layers, Wwave
reduced the set of DiffServ traffic classes inteeéh(EF, AF,
and BE). Similarly, at the SD layers several queaes set
which are associated with different ModCods schermethis
scenario, ModCodi is said to have higher spectifatiency
than ModCodj (where i < j), we assume that ModCads
ordered from high to low spectral efficiency. Thigsign
complies with the ETSI-BSM-QoS functional architeet
supported by the standards ETSI TS 102 157 and E$3102
462.

2.2 Sl Functional Blocks

In order to determine the QoS treatment to be edghrough
the satellite network, packets coming from othem#&®works
are marked. In most of the cases, packet markirtgpisally

performed at the edge nodes of the DiffServ s&etlomain.
However, in some cases satellite operators mayinecu
remarking process to be performed inside the gatetea
adjust the forwarding policy that will be applied.

As it is shown in Fig 1, packets entering the DVBQoSatAr
gateway are received by the DiffServ server. Thiuate is

responsible of receiving different flows, classifyi the

incoming packets, and deciding (if required) ifacket needs
to be re-assigned with a different QoS level, bykimg/re-

marking its DSCP. In practice, the gateway impletmg@acket
classification and per hop forwarding schedulingoading to

the DSCP value of each packet. At this point, peclee
forwarded to get in the AQM system.

2.21 The AQM System

The detailed design inside the AQM system is deplich Fig
2. Notice that the proposed scheme allows mulfiples to be
aggregated and treated as a single flow per traffass.
Packets coming from these queues are scheduledet®&D
layers based on a dynamic IP scheduler. Here, hiedsder
functions are linked intrinsically with the sattdlibandwidth
allocation carried out by lower layers.

As it is observed in Fig 2, the high-priority traftlasses (EF
and AF) implement TBs as rate limiters to guarartesain
transmission rates for each traffic class. Thedesrare

defined in accordance with the bandwidth assignment

established in the SLAs between the satellite apeend the
subscribers. Importantly, the operator is able talify these
rules as a part of the operation and managemekd tasthe
satellite gateway. The incoming TBs limiting ratepresent
the transfer rates for the EF and AF traffic clasg&F and
uAF, respectively). Using TBs, packets are separatetivo
levels: in-profile (fulfill the SLA) and out-of-pffde packets
(do not fulfill the SLA). Alternatively, the BE tfic class is
not provided with a TB policer, this assumption nede
considering that this traffic type does not needatfjust a
committed rate.

Therefore, when the BE queue is full, no particaligiorithms
are needed to decide which packet is going to bppard. As
a result, a simple drop tail (DT) mechanism is iempénted.
The QoS policy implemented in the QoSatAr architezt
allows all in-profile packets (coming from the ERdaAF

traffic classes) to be sent directly to the IP scher. This
element is defined to control the order in whicltkeds are
extracted out from its queues. Here, it is impdrtanbear in
mind that the IP scheduler incoming rate is limitgdeach
TB.
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Fig. 2 the AQM mechanism design inside the gateway
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2.2.2 TheRQM Mechanism

In the same scenario of Fig. 2, when the TB alborituns out
of tokens, the out-of-profile EF and AF packets detected;
this means that the sender generates more packetSne

unit than the packets allowed by the SLA. For fixedworks

with a relatively low RTT, the general recommenalatis to

drop these out-of-profile packets [23]. Neverthgleshe

situation over the DVB-S2 satellite link is diffete because
this type of link virtually does not loose packegien that the
RTT is high. In this condition, we propose not togithe out-
of-profile EF and AF packets, but instead send therfe en-
gueued again but in this case through the BE quéfgehave
called this modified queuing mechanism as the RQ@8o(
shown in Fig 2).

The main objective with the adoption of the RQM Hegism
is to reduce the latency and jitter experiencedth®y user-
application for the EF and the AF traffic class@sven that
our model does not drop these out-of profile packéut
instead these packets are sent to the BE queus .niduified
RQM mechanism allows the out-of profile packets to
downgrade its QoS level, giving them the possipbi{ih the
case of TCP) to reach the receiver before an RTHe T
downgraded packet will get in the destination ldtean the
other transmitted packets, since this downgradedkegtawill
be re-classified to the BE traffic class. This petcHlisorder
will be detected at the sender side by means ofTBE’s
triple dupACK mechanism. Therefore, the TCP wilgger
the fast retransmit/ fast recovery algorithm asoagestion
control signal.

As a response the sender will reduce its congestiodow,
forcing to fulfill the SLA. It is worth mentioninghat in this
model the input traffic of the BE traffic class et totally
independent from its higher-priority traffic classe
Conversely, if the protocol used to transport thgh tpriority
traffic classes is different to the TCP protocdle tability to
detect out-of-order delivery will depend on the eplaying
protocol (UDP/RTP/RTCP) used to reconstruct thedses
packet sequences at the destined user application.

2.2.3 The QoSatAr Queue Design

The design of the QoSatAr architecture requiresingethe
queue length for each specific traffic class ineord keep the
delay bounded for the high-priority traffic class@® do so,
we express the system load (the number of paclests ait
not yet acknowledged) for each Diffserv trafficadd at time t
as

Li(t) = pi(t) - RTTmin +pi(t) = BDPi(t) +pi(t) --—-- (1)

Where Li(t) represents the system loaf{f) represents the
TB’s limiting rates for each high-priority trafficlass i (EF
andpAF), RTTmin represents the two-way propagation yela
or minimum RTT (set to 560 ms in the GEO satellite

scenario).pi(t) is the queue occupancy level and Bi is the
gueue size.

Here, the maximum system load available for eadlffidr
classiattimetis

Lmax i (t) =pi(t) - RTTmin + Bi -—(2)

Therefore, the queue length and the occupancy ggdaiel
for the EF and AF traffic classes are set to tBE&IP values:

wi() - RTTmin = BDPi(t) = Bi - (3)

Basically in the QoSatAr, the TBs limiting rates arsed to
regulate the queue occupancy level to enforce ystem to
work at a reference load level. This reference wayloint is
a function of the defined SLAs for each DiffSeraffic class.
By considering this queue design, it is possiblekeéep an
optimal operation-working point while enhancing seaellite
efficiency, given that the amount of packets tobbered in
the AQM system is set equal to the total in-fliglaickets that
the satellite system is able to transport. Finallhen all
packets have been queued and processed by the AGMIen
(see Fig 2), they are sent directly to the IP salexd

2.2.4 The adaptive | P Scheduler

The IP scheduler design has an important impagtrowiding
E2E QoS guarantees, mainly, because the IP schetiflees
how the gateway allocates the bandwidth capacityhtse
flows requiring higher QoS guarantees, at the fodwa
channel. In the QoSatAr, the IP scheduler (whichthis
highest hierarchical scheduler) is responsiblecdfeeuing IP
packets in the dedicated ModCod queues, providiagtwith
QoS differentiation while tracking channel variaiso to
determine the applicable ModCod for each forwarnliecket.

To provide QoS differentiation among Diffserv queu¢he
proposed IP scheduler dynamically adapts its valtes
determine the number of extracted packets everg tinisits

a queue. It is based on the Weighted Round RobiRRW
mechanism in which a weight adaptation is performed
considering the bandwidth availability present lie satellite
system. This design allows to provide QoS guaranseeong
DiffServ flows taking into account the link bandwhd
variations reported by the physical layer. The &daplP
scheduler design is shown in Fig 3.
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As it is observed, along with the IP schedulerrehis a new
module responsible for calculating the weight valu€his
component is referred as the Cross-layer (XL) manaiat
takes into account the bandwidth availability tonpute the
suitable weight values for each traffic class (WBFAF, and
WBE). It considers as an input parameter the baditwi
availability reported by the physical layer to enbathe QoS
provisioning among flows. This information is sdrdm the
physical layer to the network layer based on a stager
optimization. The cross-layer design for the adaptiP
scheduler is also shown in Figure 3. Here, theesponding
weight values are set within the XL manager to fitrie the
resources for the high priority traffic classes.iis observed,
this module is decoupled from the IP schedulenetfoee, the
scheduler complexity is not increased and both nesdoan
work independently based on their own settings.

One of the main contributions of the QoSatAr amsttitire is
that the IP scheduling algorithm is able to guaarthe QoS
requirements for specific traffic flows using a glm
parameter: the bandwidth availability. This paranést set at
the physical layer (considering the ACM adaptatianyl sent
to the IP scheduler by means of a cross-layer desig

2.2.5 Satellite Bandwidth Char acterization

The recent standards developed for the DVB-S2/RiSipal
layer define as normative the use of the ACM teghes to
attain Interactive Services. One of the main acges of
using the ACM techniques is the ability to achiguasi-error-
free channel conditions for each individual userphboviding
them with the most suitable ModCod value accordimghe
measured SNIR, so that the spectral efficiencysidigh as
possible in all the cases. To do so, the DVB-SZjaay layer
takes advantage of the SNIR value reported by BAZSBT.

2.3 SD Functional Blocks

The SD layer design inside the gateway is showhign3.1.
As it is observed, packets are sent through thda$ér (after
scheduling functions) using the QoS mapping conc€pts
implements Queue Identifiers (QID) to send the Siffv
flows from the Sl layers to the SD layers. Thisqadure is
allocated at the Satellite Independent-Service A&cRoint
interface, which follows the guidelines defined[@). At this
point, each QID enables the IP packet to be akatad a
virtual queue (considering its QoS characteristiasyl then
transported across the SD layers. For simplicihe QoS
mapping between Sl and SD layers is not detaildegril.

The SD layer design includes a set of physicaldrafftheir
associated encapsulation units, a Frame Schedalet, a
DVB-S2 multiplexer. These elements are used to tcocts
frames using IP packets and transmit them throbhghDtvVB-
S2 physical layer to those destination terminalat thave
similar propagation conditions. In particular, whenough
packets are stored in a Mod- Cod queue, the enlcdiosu
units are used to build DVB-S2 frames which arevesgrby
the Frame Scheduler to feed the satellite phydaar (see
Fig 1). According to the DVB-S2 frame structureanfres
coming from different encapsulating units are traitted
through the satellite link using different ModCodghe
corresponding ModCod is determined by the termthat is
under the worst propagation conditions, assumiref
destination terminals (in a beam) have similar pgation
conditions. As a consequence, the frames sentrioirtals
having good propagation conditions (i.e., in cleky) will be
queued to encapsulation units using a ModCodi phatides
low bit protection. Conversely, the frames sentdominals
having bad propagation conditions (i.e., facingasn revent)
will use a Mod-Codn with higher bit protection lésethus
requiring additional overhead.

To guarantee a maximum waiting time for each IPkpadhe
QoSatAr frame scheduler follows a strategy basedthean
gueue status. In this way, if an IP packet has heghadts
maximum waiting time and it is still waiting in tligieue (of a
certain encapsulation unit), the frame scheduleoulsh
encapsulate this IP packet into the next DVB-S2n&aand
transmit it through the satellite link. Howevertlie minimum
frame size is not reached, several IP packets fobher
encapsulation unit (having different ModCodj thequire less
protection) must be used to fill the frame size.aA®sult it is
possible to assure the maximum waiting time forhe#e
packet. Finally, to guarantee fairness among tealsjnthe
QoSatAr design (as most of the broadcast systesrigsed on
the TDM sharing policy with the adoption of ACM
techniques. In this context, terminals under goaxbagation
conditions are able to use ModCods with lower ogath
increasing their transmission rates compared tsetherminals
under bad weather conditions. For this reason actpe, the
fairness policy applied to the DVB-S2 frame schedtiies to
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shield the network layer from the effects of a tiamel location
dependent physical layer.

In this way, using ACM techniques it is possiblestdect the
proper ModCod to guarantee a determined (low) error
probability. Therefore, to offer homogeneous servaenong
terminals, the DVB-S2 frame scheduler approximadelyigns
the same shared-service rate regardless of terminal
propagation conditions. As a result, the offereahs$mission
rate is the same, while the time used to transmamés
depends on the propagation conditions for eachindgisin
terminal. Notice that if the frame scheduler impésts other
policy like sharing the same amount of transmissiome
among terminals, it will penalize the terminals enthe worst
propagation conditions, so we would have a sinsltration

to what happen within DVB-S.

3. PERFORMANCE EVALUATION

In this section, the proposed QoSatAr architecisievaluated
using the NS-2 simulation tool. Here, we descrie general
satellite settings used to conduct the simulatéstst including
the performance metrics to evaluate and compare
simulation results. We provide the results of eatihg the
QoSatAr architecture working in a BSM satellite teys is
provided.

the

In this section, the proposedQoSatAr architectsrevialuated
using the NS-2 simulation tool. Here, we descri general
satellite settings used to conduct the simulatéstst including
the performance metrics to evaluate and compare the
simulation results. In addition, we provide the ules of
evaluating the QoSatAr architecture working in aMBS
satellite system. The EF class supports a real-tioéP
application, simulating a constant-rate traffic, ieth is
transferred over the user data protocol (UDP) tactht
guarantee bandwidth reservation. The AF traffisslbears a
HTTP application while the BE traffic class bearpeasistent
FTP transaction server. Both, the AF and BE traffasses are
transported using the TCP protocol.

The DVB-S2 satellite environment is simulated usitg
Linux implementation for NS-2 version 2.29. The @S
architecture has been integrated in the NS-2 stmwulasing
the DiffServ. module provided in [7]. Particularlythe
functionalities of the RQM mechanism and the dyrai
scheduler have been added in the code to testiabiity of
the proposed architecture. The objective of thimusated
scenario is to conduct a performance evaluationthef
QoSatAr architecture in the presence of bandwidtiations.

To evaluate the impact of adopting the QoSatAr itecture
working over the proposed satellite scenario, wiiaity

perform a simulation test to evaluate the benefitasing the
RQM mechanism instead of using a simple DT.

The metrics used to evaluate the performance obdhected
TCP variants working over the proposed DVB-S2 EBSM

QoS scenario are the goodput, the queue occuptecyelay,
and jitter. It is important to bear in mind thatrfeemance
analysis is carried out over the DVBS2 satelliterard link
so that the performance metrics are defined corisgiehe
information measured in this link.

Fig 4 illustrates the total received AF packets the
application layer. As it is shown, when using theposed
RQM mechanism during all the simulation time. Imizast to
the DT scheme in which the levels of received peclaee
less. Therefore, using RQM, the number of corredbeived
packets have increased in 44% (in average) compeétedhe
DT scheme. This result is caused mainly because whking
the proposed RQM mechanism, the out-of-profile Adekets
are not dropped.
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Fig.4 Total received AF packets

Fig. 5 shows similar simulation results for the tE&ffic class
using both queuing options: either the RQM or thé D
mechanism. Here, the same performance parametees ha
been evaluated. As it is observed, when using topgsed
RQM to transport the EF traffic class (using UDBtpcol),
similar results have been obtained compared tcAthéraffic
class. The obtained results enable us to conchaterthen the
RQM mechanism is employed, the EF and AF goodpeise
are improved.
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Fig. 5 EF throughput
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CONCLUSIONS

In this paper, we have presented QoSatAr, a cegs-l
architecture developed to provide E2E QoS guararfiael P
traffic over the DVB-S2 satellite channel. The atetture
design is based on a cross-layer optimization batwihe
physical layer and the network layer to provide QoS
provisioning based on the bandwidth variabilitygaet in the
satellite system. Our design is developed at thdagérs,
being in compliance with the ETSI-BSM-QoS standards

In this paper, we have detailed a complete QoSydesside
the gateway, in which we have proposed the RQM w@ism

to enhance the goodput for the EF and AF trafissés while
reducing the E2E delay and jitter. In addition, \Wwave

proposed an adaptive IP scheduler to guaranteehitjte

priority traffic classes regardless of the chanoehdition

affected by rain events.

The implementation of this architecture has beealuated
using the NS-2 simulator. The key results allowtasonfirm
that using QoSatAr, it is possible to keep contodlthe
satellite system load while guaranteeing QoS lefeisthe
high-priority traffic classes even though bandwisgtriations
due to rain events are experienced. The simulaésults also
demonstrate that with the adoption of the propdsedRQM

mechanism, the user's QoE is improved while keeping

bounded delay and jitter values for the high-ptiotraffic
classes.
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