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ABSTRACT

Congestion in the Internet results in wasted baditmand also stands in the way of guaranteeing. Q& effect of
congestion is multiplied many fold in Satellite wetks, where the resources are very expensive. Thogestion
control has a special significance in the perforoeaaf Satellite networks. In today’s Internet, cesiipn control is
implemented mostly using some form of the de fattmdard, RED. But tuning of parameters in RED lesn a
major problem throughout. Achieving high throughmith corresponding low delays is the main goaparameter
setting. It is also desired to keep the oscillationthe queue low to reduce jitter, so that th& @aarantees can be
improved. In this paper, we use a previously lire=at fluid flow model of TCP-RED to study the perftance and
stability of the Queue in the router. We use clzdsiontrol tools like Tracking Error minimizati@md Delay Margin
to study the performance, stability of the syst®¥vie use the above-mentioned tools to provide guidslifor setting
the parameters in RED, such that the throughpugydand jitter of the system are optimized. Thus pvevide
guidelines for optimizing satellite IP networks. Vapply our results exclusively for optimizing therformance of
satellite networks, where the effects of congestimmuch pronounced and need for optimizationushmmportant.
We usens simulator to validate our results to support qualgsis
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1. INTRODUCTION

The rapid globalization of the telecommunicationdustry and the exponential growth of the Inteiaret increasing
the demands on global telecommunications. Satel6tamunication networks can be an integral parthef newly

emerging national and global information infrastanes [1]. Satellite networks offer global coveragpeoadcast
capabilities, flexibility in bandwidth allocatiosupport for mobility and short time for implemenmgiservices even in
areas with little infrastructure. All these quagi make satellite networks a good candidate forfuh&e Internet
infrastructure as broadband access network, higheépackbone and combination of both of them. Heweao meet
this goal, provisioning of quality-of-service (Qo8l)ithin the advanced satellite network systemshis tritical

requirement. Congestion remains the main obstad@ulity of Service (QoS) on the Internet. Conigesis a critical

problem especially in satellite networks, where T&gestion control performance is affected byirstc satellite

link characteristics such as latency, bandwidtltkptiloss due to congestion, and losses due tsriagsion errors
links [2]. Although a number of schemes have be®p@sed for network congestion control in sateligsworks, the
search for new schemes continues [3-13,16,17]tiButvinner, at least for the time being seems thsscof Active

Queue Management (AQM) algorithms, which is onenfor other of the RED [6] algorithm.

However, as has been pointed out in [19-21] onRED’s main weaknesses is that the average queeeaiies with
the level of congestion and with the parameteirsgst That is, when the link is lightly congestedlér may is high,
the average queue size is neargminhen the link is more heavily congested and/oxis low, the average queue
size is closer to, or even above, aks a result, the average queuing delay in RE&2issitive to the traffic load and
to parameters. Also RED has a trade off betwedrilisgaand speed of response. This average quedétay is very
important for QoS applications. So setting the paters of RED is very important and also the rasfgeariation of



parameters or the traffic load, for which the detmythe throughput performance doesn't vary appi#yj is also
important. As the level of traffic in the any netlkdkeeps changing dynamically, it is very importémffind out the
range of traffic for which given parameter settingmain valid. We analyze here the TCP-RED behaorg control
theory and provide essential guidelines, using Yé&kargin and Tracking Error minimization [15], feetting the
parameters and also suggest ways to find a bounttaffic load and other RED parameters, so thatdbky,
throughput and jitter performance doesn’t degrddhe. rest of the paper is organized as follows.dati®n 2, we give
the stability and performance analysis of the T@EDBRnNodel, based on the fluid flow model. In Sect&nwe use
simulations to give guidelines based on the angliysiSection 2. We also validate the results obthiusing control
theory using ns simulations [14]. In Section 4 vesatibe the network configuration used to do timeutations. In
Section 5, we present the conclusions of our rekear

2. STABILITY AND PERFORMANCE ANALYSIS

Figure 1, shows the RED packet drop policy. We hexe the already linearized model of TCP-RED schdereved

in [18]. In that, the authors used Bode Gain andsBhmargins to analyze the stability of the systdere the Delay
Margin and Tracking Error of the system are theapaaters of interest. A stable system might becons¢able if the
delay in the system is more than a specified li®it.the Delay Margin will give us more insight irtee stability of

the system especially one with prominent delaythénfeedback path. The Delay Margin is the amotiatdditional

delay that can be in the feedback path up to wthehsystem can still be stable [15]. In our casedhblay in the
feedback is the sum of the queuing delay and ttexdfpropagation delay. Thus ideally we want theesysto have
high Delay Margins as that will mean that smalliation in delays will still make the system operatethe stable
region. If the queue oscillates less in the lowaglekgion, then it will go to zero less often. Tligantamount to an
increase in the throughput in such regions. Thiseisause the router can service more packets ifotliter queue is
non-empty. The effect of oscillations in the quéu¢he low-delay region is thus especially impottdn fact in the

low-delay region throughput is the main parameteiinterest. The Tracking error is also importamtrén The

Tracking error refers to how good the system trabksdesired steady state queue and oscillatiansdrit. In actual
networks, the variation in the delays (jitter) iscaan important parameter. This is related toebdtacking of the
steady state queue. For this purpose also we #hedjracking Error in the system. Ideally we wolikeé the Tracking

Error to be small as the system then tracks traelgtstate queue better. For a fixed propagatiocaydélis desirable to
operate in a region where we have decreased Tga&kiror and high Delay Margin. Such a system wilantee
better stability and performance from the pointtwbughput and jitter. We will now proceed to deraxpressions for
the Delay Margin and Tracking error.
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Figure 1. RED packet-drop policy.

In TCP, the congestion window size (W(t)) is inaeé by one every round trip time if no congestodétected, and
is halved upon a congestion detection. This adsliticrease multiplicative-decrease behavior of Ti@&RB been
modeled in [18] by the following differential eqiat

- 1 W (OW (t - R(t
W) = o - WOWEZRW) 4 gy @
R(t) 2R(t = R(t))
In a network topology of N homogeneous TCP souatgsone router, an equation for the queue dynaisds],
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A block diagram describing the TCP dynamics is shawFigure 2, where C(s) is the AQM controller @) is the

TCP plant. The Transfer function for P(s) and @f®) given below [18].

Q Cs) | PP |

Figure 2. Block Diagram of TCP-RED scheme.
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where,
0q = Error in Queue length
op = Error in Probability
C = out-rate of the router in packetsfmd
Ro = Queuing + One way Propagationyela

, 9
Queuing delay ==
C

Propagation delay 3 {fixed)
Lred = Rax/ (MaX,- miny,)
Rax = maximum probability of dropping a packet.
may, = maximum threshold in packets
mir, = minimum threshold in packets
N = no. of flows
alpha = queue averaging parameter

k=-C*log, (- alpha)

Thus the overall open loop transfer function isegivby
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The Delay Margin of the system is the ratio of Bfease margin to the Crossover frequency of thelayel@ open
loop transfer function [15]. This is the amountdaflay increase the system can tolerate beforeeis ¢ instability.
The Delay Margin for a stable system is positivd é@ris negative for an unstable system. For thevalsystem, the
Delay Margin, Dm of the system is given by

)
m-Tan™ (=)
bm = ( K)-R,, (©)

@,

C 3
where, ;= k* \/(Lred * ((ZON ))2 )2 —1 and other parameters are as defined above.
The steady state Tracking Error is the amount @irdretween the instantaneous queue and the stéatéyqueue. We
ideally want the system to have a lower error feftdr tracking.

For the above system the steady state Tracking €gas defined by [15]

e, = Iirr(l) s* E(9) (10)
So

where, E(s) is the error to a step input in theteay given by
1 1
E(9) == "=
1+G(s) s

The steady state error is then given by
1
e =———— (11)
1+G(0)

where, G(0) = Lred * (ROC)23
(2N)

From the above equations we see thatGH6) increases, the Delay Margin of the system decreatesever the
Tracking Error decreases with increaseGif0) . Thus we have better error minimization perforngaatthe expense

of lower stability margins and there is a tradeldfween better stability and smaller Tracking Erfidnere is thus an
optimal region where we can operate the systemttact best performance.

3. EFFECT OF TUNING AND GUIDELINESFOR PARAMETER SETTING

We now proceed to analyze the performance of a @&@ork with the following parameters. One-way tetg T, =
250ms, may = 60 packets, mjn= 20 packets, C = 250 packets/secongd, £ 0.1, N = 5, alpha = 0.002. The network
configuration is show in Figure 19.

For the above case, we plot the Tracking ErrorthedDelay Margin as a function of the PropagatioretT,in Figure

3. It can be seen that the system has a negatilay Dargin, which means that the system is unstebilece we want
to operate in regions where the queuing delay valless, we are concerned about the oscillatiotiseémqueue as if
they go to zero, there will be reduction in thropgh The NS result for this case is shown in Figbréelfhe NS

simulation configuration details are given in SewatlV. From Figure 5, we can see the high osciladiin the queue.
Since the queue goes to zero often, there is thesgadhput in the system. We now try to improve pleeformance of
the above system. We want the system to have ayMtaigin that is positive. We thus need to decrdhsegain,

G(0) of the system from equation 9. We do this by iasieg N to 30. The Delay Margin in this case ignité as

shown in Figure 4 and the system is expected tiblatscless. This reduction in oscillations meansiracrease in the
throughput in the low-delay regions. The NS-resfdtsthis case is shown in Figure 6. We can seedhlection in

oscillations, which will result in throughput imprment



Tracking Error and Delay Margin Vs. Tp

Time in secs

Tracking Error and Delay Margin Vs. Tp
T

Time in secs

05 1 , , 02 175 : . 09
: : + Delay Margin + Delay Margin
: © Tracking Error ! 3 ©  Tracking Error
i i 3 08
+ H H
] f f ]
$ o 5 5 5 3 5
E ° + . I:u-: c D.TL.UQ_
f f c
oI R e H01 2 ] o)
5 CE 5 5 = 5 =
= o+, : 8 = 06 §
L P00+ E = &5 =
© ; o, : ]
a Cota, i o
i %04 s 05
PO5 4,
: L4 :

l i i i i : i i ; i R
31 0.15 02 0.25 0.3 03 ) 0.15 02 0.25 03 03
Tpin secs Tpinsecs
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Figure 5. Queue for an unstable Gatellite. Figure 6. Quénrea stable Geo Satellite, 250 ms
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Figure 7. Tracking Error and Delay Margin fiowver G(0) Figure 8. Tracking Error andl®y Margin for higher G(o)

For the given load level N, we obtain the maximuloveable R, that guarantees a positive Delay Margin for system
with parameters max=4, min, = 1, N=30, alpha = 0.002, C = 250 packets/seconel Maximum value of Ry
calculated from equation 9 that gives a positivéadlargin is 0.5. Thus the system is stable foy Bp., less than
0.5. Having this result we now proceed to tunedysem for better performance. Our main goals taieilgy with
minimum tracking error. We test the system in ttable region by changing(o). A high G(o) means a system with
reduced error form equation 11. Such a systemgivi# better much performance.



Figures 7 and 8 show the Tracking Error and theajp&largin as a function of the Propagation timgdl Ppa= 0.1
and 0.2. We have decreased Tracking Error whgpi® 0.2 compared to 0.1 and are still in the stabggon. This
means that the throughput of the system is high#r this setting. This is shown by means of NS-datians in
Figure 10, where Throughput Vs. Average Delay fothicases. We can clearly see a performance imprewewith
proper setting of parameters from equations 9 dnith the region where the system is stable.
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Figure 9. Jitter Vs Tracking Error for GE@ellites Figure 10. Thgbput Vs Avg Delay for 2 different G(o)

We also plot Jitter Vs Tracking Error for the cagigere R is 0.1 and the system is stable. We increase theéhm-
minth for different cases. An increase in the dédfece between the thresholds will only increasdXlkay Margin for
equation 9. But the Tracking error increases frajaation 11. We expect the jitter to increase. Tihishown in
Figure 9. We see that the jitter has indeed gonevitipdecrease irG(0). This is because by decreasing G(o) we
increase the Tracking error and hence the jittée jitter is calculated from ns simulations. Thus gan optimize
throughput and jitter performance with a properich@f parameters from equations 9 and 11.

We want to shift the Delay Margin upwards focriased stability, which decreases the TrackingrEand hence

- %

lowers performance. We know th&, —E+Tp. T, , C being fixed, the Delay Margin is a bound oe tueue.

Thus if we know an estimate on the variation ingoeue, we can tune the parameters such that wepeaate with a
minimum safe Delay Margin from equation 9 and &télin the low Tracking Error region from equatith This will
improve performance compared to arbitrarily settimg parameters and hence compromising performance.

For MEO networks, one-way latency 3 ¥ 120ms, max = 60 packets, mjn= 20 packets, C = 250 packets/second,
Pmax = 0.2, N = 5, alpha = 0.002. For this case, wé tile Tracking Error and the Delay Margin as a fiomcof the
Propagation time Jin Figure 11.
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It can be seen that the system has a negative D&dagin, which means that the system is unstahihe NS results
for this case is shown in Figure 13. We can seehigh oscillations in the queue. We now try to iowye the
performance of the above system. We want the systehave a Delay Margin that is positive. We thegd to
decrease the gaifg(0) of the system. We do this by increasing N to 2Qufe 12 shows that the Delay Margin in this
case is infinite and the system is stable. The &S$its for this case is shown in Figure 14. Wessmthe reduction in
oscillations in the queue compared to the firsecas

We now show the effect of tuning the parameter$/BO networks. The parameters are One-Way latengy=(T
120ms, maxth = 4 packets, mis 1 packet, C = 250 packets/secongkB 0.1, N = 10, alpha = 0.002.
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Figure 13.Queue for unstable MEO network Figure 14. Queue for Ea¥EO network.

The Tracking Error and Delay Margin plots are shawrFigure 15. The system is stable as the DelaygMais
positive. We now increase the gain in the systermbreasing R.xto 0.2. The Tracking Error and Delay Margin plots
for this case are shown in Figure 16. We see tiafTracking Error has indeed gone down. But théesyss still
stable Thus we expect the system to give bettdopeance as shown by the NS-plots in Figure 18.
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We also plot Jitter Vs Tracking Error for the cageere R« is 0.1 and the system is stable. We increase thehm-
minth for different cases. From the jitter argumieatore in the case of GEO satellites, we seethigsjitter has indeed
gone upwith decrease i5(0) as shown in Figure 17. This is because by decrg#{jo) we increase the Tracking
error and hence the jitter. The jitter is calcuflafeom ns simulations. Thus we can optimize thrqughand jitter
performance with a proper choice of parameters fegqomations 9 and 11.
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4. NSSIMULATIONS- SIMULATION CONFIGURATION

For all our simulations we used the following cgufiation, shown in Figure 19. A Number of sourcés&, S3.., Sn
are connected to a router R1 through 10Mbps, 2hay dieks. Router R1 is connected to R2 throughvibgs, Tp ms
delay link. R2 is connected to R3 through a 1.5MAmsms delay link and a number of destinations D4, D3.., Dn
are connected to the router R3 via 10Mbps 4ms dal&g. The link speeds are chosen so that the esiman will
happen only between routers R1 and R2 where oenselis tested.

10 Mbps
4 ms

®®

Figure 19. Simulation Configuration

This configuration can simulate the case MEO an®Ghtellite networks by varying the delay Tp. Aagdebf 120 ms
and 250ms are used respectively for MEO and GE€llisas. An FTP application runs on each sourcaendRECP is
used as the transport agent. The packet size 8 h@s and the acknowledgement size is 40 bytes.nlimber of
sources is varied to alter the congestion levek Weight used for queue averagingniss 0.002. Thus the results
obtained by control theory are validated usinginsikations. So our analysis scheme based on cathteolry can be
used to optimized IP networks.

5. CONCLUSIONS

In this paper, we used a previously derived limpadel of a TCP-RED scheme to derive margins foraltmvable
delay in the feedback path of the system. We atstopned Tracking Error minimization technique tabze the
performance improvement. We showed that performampeovement occurs with a corresponding decreashe
Delay Margin of the system. We have given designdd@ns on how to increase performance withoutating

feedback system stability. Thus using our resuitseh optimized satellite router could be designéte have verified
our results using NS simulator.
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