
Abstract — Integrating TCP/IP on Low Earth Orbit (LEO) 
satellites can add a comparatively reliable space segment to the 
Internet on the ground. Such an extension to the Internet will 
offer connectivity on a global scale which can overcome 
catastrophe scenarios or simply the lack of ground 
infrastructure. This paper contains a survey about the usage of 
different transport protocols in IP based networks with satellites. 
The performance of such transport protocols is tested in a 
simulation environment based on data of the experimental pico-
satellite UWE-1, built at the University of Würzburg. The 
advantage of flexible satellite constellations and the use of 
intersatellite links will be reviewed in the context of transport 
layer performance. The simulations compare some transport 
protocols, studied in the literature, while varying the geometric 
parameters of the constellation. 

Index terms — Satellite Links, LEO Constellations, TCP/IP 
 

A. INTRODUCTION 
 
Satellite communications is one of the most important 

parts of wireless networking which is still under 
development. Starting in the early days with 
geostationary (GEO) satellites, the long propagation 
delays can be said to be no longer a limitation thanks to 
the current development in low earth orbit (LEO) 
satellite networking. Iridium [10] is a LEO satellite 
network, where connection-oriented circuit-switched 
telephony service, and dial-up through satellite to ground 
Internet  gateways are offered on any spot in the earth. 
Iridium uses 66 satellites forming a planned Grid that 
covers the earth surface. In comparison, Teledesic, a 
connectionless network of satellites, was initially 
planned with 840, scaled down to 288 LEO satellites 
before being scraped off the drawing board, in October 
2002 [18]. 

Since, a shift towards connectionless packet-switched 
satellite networking has stayed at the experimental 
stages. A new trend however is towards independently 
launched IP-enabled LEO satellites. Their limited size 
and cost opens up the way to advance that such satellites 
can achieve a density of coverage similar to the planned 
Teledesic network. This evolution is quite similar to the 
trend followed by terrestrial wireless networks, where 
technology has evolved from the circuit-switched GSM, 
and UMTS, to the wireless mesh networking paradigm 
based on WLAN, WiMAX, ZigBee, etc. [19] 
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The vision, fitting with the current expected next 
generation Internet (NGI), is that LEO-based networks  
will cooperate to form a wireless mesh network made of 
several independently built and launched IP satellites. 
Getting back to the assumption of the early Internet, this 
network will grow in complexity with time offering an 
increasingly reliable IP-based communication system. 
With such a new generation of satellites, LEO-based IP 
networks will use all possible connectivity windows 
where a satellite is in the vicinity of another satellite to 
form a flexible but also adaptive constellation. The 
extensive use of inter-satellite links (ISLs) is therefore 
implied as the way to build satellite mesh networks in 
the sky [21]. 

The launch of UWE-1 pico-satellite [13] demonstrated 
the feasibility of developing small low data-rate IP-
based LEO satellites. In this paper, a study of the 
communication feasibility and performance study 
through simulation is made for a small LEO 
constellation. The communication capabilities and 
orbital parameters of the CubeSat UWE-1 are used. The 
CubeSat was built by engineers at the University of 
Würzburg (Germany). It has been launched in October 
2005.  

This paper concentrates on the transport layer to test 
the feasibility of communication under UWE-1 like 
constellations. A simulation model based on ns-2 
satellite package is built [22]. This model is a first step 
to testing further aspects of constellation forming in such 
ad-hoc environments. Similar platforms are used within 
the Cisco Router in low earth orbit (CLEO) [23]. 
Besides the Disaster monitoring constellation (DMC) 
[25] and CHIPSat [28], this is the main competing 
project where IP is being tested on IP-based LEO 
routers. Their transmission rate and weight however is 
much larger than the UWE-1. In fact the UWE-1 has 
been purely built in an academic environment. Currently 
tests are planned in collaboration with University of 
Passau. 

Section B summarizes related work on the transport 
layer in LEO connectionless networks and it surveys the 
studied problems of the transport layer and solutions, 
and their applicability to our case study. Section C 
introduces the geometric challenges of using 
intersatellite links to form ad-hoc like IP networks.  
Section D details the simulated UWE-1 based 
constellation, where the geometry and choice of 
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transport protocol are tested interchangeably. Section E 
concludes the paper and presents some future work. 

 
B. PROBLEMS WITH TCP FOR LEO SATELLITE 

LINKS AND APPLICABILITY TO UWE-1 
 

The integration of LEO satellites in the ground-based 
internet also means that end-to-end connectivity will be 
provided transparently using the satellite infrastructure. 
The satellite network mainly targeted isolated mobile 
terminals where ground infrastructure is missing or 
temporally unavailable. 

Providing full end-to-end connectivity with TCP/IP 
using a LEO space segment as part of the 
communication path is more challenging.  

There are mainly six problems coming up with the 
usage of TCP via LEO satellite links ([8], [9], [5], [12]): 

1. High Latency is actually a problem of satellite 
links arising from the large distance between a 
ground station and a satellite. These long RTTs 
cause problems with TCP’s “slow start” algorithm 
on account of the long time span, the sender has to 
wait for the acknowledgements of the receiver. 

2. Variable Round Trip Times from 40 to 400 ms 
happen because of satellite movement, handovers 
and ISL changes. 

3. Large and variable delay-bandwidth products 
are the result of high latency, variable RTTs and 
link bandwidth. This affects again TCP’s flow 
control and buffer size. 

4. High Bit Error Rates (BER) on satellite links are 
caused by signal interferences, either naturally like 
atmospheric or ionosphere effects or artificially 
jamming. A high BER on satellite links results in 
packet loss, which is detected by TCP as 
congestion. So TCP will react with a 
“multiplicative decrease” or with a “slow start”. 

5. Congestion should only occur on the ground to 
satellite links (GSL), as the intersatellite links 
(ISLs) usually have a much higher bandwidth. 

6. TCP Fairness is a major problem on LEO 
satellite links, due the competing connections with 
different RTTs. The connections with high RTTs 
cannot allocate enough bandwidth. 

To compensate these problems, there are three ways: 
• The adaption of existing ground based transport 

layers like TCP and UDP 
• The development of new transport layers like the 

Satellite Transport Protocol (STP) 
• A mixture of both approaches like the Adaptive 

Transport Layer (ATL) 
All three approaches have one thing in common: The 

integration of satellite networks into existing ground 
based data networks. Researchers have studied under 

simulation environments several effects such as long 
round trip times, high bit error rates and fast changing 
round trip times. 

The adoption of already existing transport layers is 
possible according to Henderson and Katz ([7], [8], [9]), 
Sun et al. ([12], [5]) and Adami et al [3]. These 
researchers used well known TCP and UDP 
implementations for their simulations. The well known 
versions of TCP like Tahoe and New Reno showed a 
good performance on LEO satellite networks, but due to 
long round trip times on GEO satellite links, TCP has a 
quite bad performance on these links. For multimedia 
traffic, UDP seems to be a good solution on LEO 
networks. 

Akyildiz ([2], [4]) suggests an enhanced version of 
TCP especially for satellite communication called TCP 
Peach and accordingly TCP Peach+ and TCP Peach++ 
developed by Akan [11]. These versions provide 
solutions for problems with TCP's “slow start” and “fast 
recovery” algorithms. These problems were also 
recognized by own simulations using the UWE-1 
environment parameters and TCP. These two algorithms 
are replaced by others called “sudden start” and “rapid 
recovery”. Neither “Congestion avoidance” nor “fast 
retransmit” were changed in TCP Peach or in its 
improvements. With TCP Peach the congestion window 
reaches full size again after 2 RTTs compared to 7 RTTs 
with TCP Reno according to the results of [2]. The 
problem of TCP Fairness for competing flows seems to 
be solved by TCP Peach+. 

The usage of selective acknowledgments SACK 
combined with the “fast retransmit” and “fast recovery” 
mechanisms of TCP New Reno could be an advantage 
[8]. Also TCP for transactions (T/TCP) could improve 
the behavior of TCP via LEO satellite links. T/TCP only 
needs one RTT to establish a connection. Another 
improvement could be “4K slow start” (4KSS), that 
means that “slow start” begins at window size of four 
KB instead of usually 1 KB. A size of 4 KB was chosen, 
because most Web pages are smaller than 4 KB 
(Multimedia content not included, just text).   

Henderson and Katz [8] simulated the behavior of 
TCP Reno and New Reno with and without SACK for 
large file transfers and used Standard TCP and T/TCP 
with and without 4KSS for Web transfers. According to 
their results, TCP New Reno with SACK performs best 
if one of the well known TCP implementations for 
ground networks is used for large file transfers via 
satellite links. TCP New Reno with SACK almost 
reached bottleneck capacity for one single flow. For 
competing flows with RTTs of about 400 ms the 
differences in throughput are relatively high, but in LEO 
networks with average RTTs of 100 ms almost no 
difference can be recognized. T/TCP with 4KSS would 



be the best solution for Web transfers, having half the 
latency of Standard TCP without 4KSS. 

One could also alter other parameters of TCP like the 
size of the initial congestion window or the size of the 
buffer. This solution was investigated by former 
researchers ([3], [5]) and also by the authors. 
Simulations show that these two parameter changes 
could improve the performance of TCP via satellite 
links. It would also be relatively easy to include these 
changes into existing networks. Researchers simulated 
three scenarios [5]: 

• 1 GEO satellite with RTT about 700 ms 
• LEO network with sender and receiver in same 

footprint (RTT 70 ms) 
• LEO network with sender and receiver in 

different footprints (RTT 200 ms) 
Simulation results [5] show that an improvement for 

FTP file transfers is achieved mainly by an increase of 
the buffer size from 64 KB up to 256 KB, but it was not 
a good enhancement for Web transfers. But the increase 
of the initial congestion window improved the behavior 
of the Web transfers as well. All of these solutions 
include TCP implementations already used. 

Henderson recommends in his thesis [20] the Satellite 
Transport Protocol (STP). Under simulation, it showed a 
better performance than other transport protocols, but the 
integration in existing networks would be relatively hard 
due to fundamental changes in the transport layers. STP 
was supposed only to work within the satellite network 
and to split a connection into a ground based TCP and a 
satellite STP connection. There exist several techniques 
of splitting which are out of scope of this paper. A short 
description is done for TCP Splitting: The basic idea 
behind TCP Splitting is to use gateways providing 
satellite links and using special satellite communication 
protocols and ground based connections between end 
hosts and gateways. Although this would improve 
performance of TCP via LEO satellites, there are two 
new problems. First, the gateways are single points of 
failure and second, this solution is not suitable for 
mobile communication in areas without ground based 
infrastructure. The Satellite Transport Protocol STP was 
developed to work on satellite links in the satellite part 
of TCP Splitting.  

The Adaptive Transport Layer ATL is described in the 
thesis of Akan [1]. It is based on TCP and UDP and is 
designed for heterogeneous wireless environments 
including WLAN, 3G mobile phones and satellite 
environment. TCP-ATL is used for data traffic and RCP-
ATL (Rate Control Protocol) for multimedia 
transmissions. It is able to adopt itself dynamically to the 
parameters of the used network. The advantage of ATL 
would be, as it bases on current TCP and UDP, that it is 
backward compatible to existing technology. The 

application of ATL in heterogeneous environments 
seems to provide a better overall performance than to use 
special transport protocols for each environment. [1] 
shows that ATL has a 125% better performance on 
satellite links than TCP Peach+. It provides TCP 
Fairness, too. Further ATL is able to adapt itself to the 
corresponding wireless networks automatically. 

Most of the previous explained problems and solutions 
were simulated using the environment parameters of 
LEO constellations like the Iridium network and the 
Teledesic network ([5], [12]). These parameters are orbit 
data, number of orbit planes and number of satellites on 
each plane. The link capacities of GSLs and ISLs usually 
were altered to be able to simulate data communication. 

All reviewed material showed that measurements were 
done using ground based networks simulating satellites. 
This was done because experimenting with real satellites 
is usually too expensive.  UWE 1 offers a valuable 
chance to test TCP/IP based communication under 
realistic conditions. The simulations made in this paper 
were made with the environment parameters of UWE-1 
to retrieve comparable results to the measurements that 
will be done in the year 2006.  

 
C. LEO SATELLITE CONSTELLATIONS AND THE USE 

OF INTERSATELLITE LINKS 
 
LEO satellites networks are planned in large 

constellations to cover large portions of the earth with 
different geometries [27], [16]. Two main types of these 
constellations are stated in the literature: (1) Walker 
delta (or Ballard Rosette) constellations and (2) Walker 
Star constellations. The Rosette constellation covers a 
large band around the equator. A ground station is in the 
footprint of several satellites, whose orbital planes 
overlap several times. Each satellite traces a sinusoidal 
shaped orbital track on the flattened surface of the globe 
[27]. In contrast, a “Walker Star” or “polar” 
constellation uses a number of orbits all crossing the 
polar region. This results into equally distanced orbital 
planes crossing at the earth’s poles. Several equally 
distanced satellites move along each orbit path at the 
same speed. It guarantees that each point on the earth is 
within a footprint of a satellite at any given time (e.g. 
Iridium [10], Teledesic [18] projects). Globalstar, for 
instance, uses non-polar orbits and can cover only the 
area between latitudes from 70° South to 70° North. In 
contrast, Iridium satellites use polar orbits and cover the 
whole earth surface. 

Using this variation of Manhattan network topology, 
satellites can rotate around the earth with equidistance 
spacing between each two satellites on the same plane.  
This opens up the way to use Intersatellite Links (ISL) 
([5], [7], [27]). ISLs allow connectivity between any two 



in range satellites. Note that Globalstar for instance did 
not offer ISL, but only provided a single hop between 
ground terminals and the nearest gateway within the 
same footprint. 

We anticipate a larger development in using ISL 
thanks to the advances in smart and adaptive radios 
[19]), which can offer more possibilities for complex 
meshed ad-hoc connectivity between any group of 
satellites. In the Walker star type of constellations (like 
in Teledesic) two types of ISLs are normally 
distinguished: Intraplane ISLs, the ISLs between 
satellites on one orbital plane, and the interplane ISLs, 
the links between satellites on different planes. The ISLs 
enable the communication between two users in different 
footprints. In contrast with GEO networks not more than 
two ground gateways are necessary, which results in a 
lot smaller transmission delays in LEOs. But on the 
other hand the interplane ISLs are permanently switched 
because of the fast changes in relative positions of the 
satellites to each other. 

The usage of ISL for LEO satellite networks increases 
the complexity of the space craft (mass, power 
consumption) and therefore its cost [14]. But with ISLs 
the space-borne satellite network can be considered as a 
computer network in its own right [15]. Classic queuing 
theory can be applied to this network for connection-
oriented networking layer (e.g. Iridium [10]) and 
connectionless networking (e.g. Teledesic [18]). Adding 
ISLs also introduces flexibility in routing because a 
connection can also be established if sender and receiver 
are not in the footprint of the same satellite. 

In the space-based IP network, every satellite can be 
considered to act as a packet-switch, which is able to 
communicate with other satellites by using high-
frequency radio or laser satellite links (Intersatellite 
Links, ISLs). The use of ISLs allows us to look into the 
space part of the network as an independently formed IP-
network, which requires its own routing algorithms and 
autonomously managed. The choice of the constellation 
model influences other aspects such as the topology 
organization and routing. In [17], based on the Walker 
star constellation model, the concept of logical location 
is used. A grid of logical holes is assumed to exist in the 
atmosphere. These holes are equally distanced and 
assumed to be occupied by a satellite at given periodical 
snapshots in time. IP routes are therefore built between 
the logical positions, independently of which of the 
satellites are occupying those holes, or of the ISLs 
between the rotating satellites. Routing within such a 
predictable constellation becomes a question of sending 
the routing table from one satellite that occupied a given 
hole to its successor, i.e. hiding the satellites’ movement 
from the routing part. 

The predictable behavior of a Walker constellation 
[16] no longer applies to individually launched smaller 
IP satellites such as DMC or UWE-1. The cooperation 
between individually launched LEOs should be made as 
flexible as the inter-networking paradigm that led to the 
success of the fixed Internet.  

We define two types of ISLs in this case:  
• Short Term ISL: This refers generally to ISL 

formed for a given period of time and is 
indicated by the large dissimilarity between 
the two satellite orbit tracks 

• Long Term ISL: This refers to the highly 
correlated orbit tracks where the ISLs barely 
get broken. 

The choice of ISLs allows us to look at the space 
network as a moving ad-hoc network where a ground 
station is changing the point of attachment to this 
moving network. Several of these networks could 
interconnect via a short term ISL when need arises.  

 
D. SIMULATIONS AND ANALYSIS 

 
The simulations in this section are purely based on 

orbital data and communication capabilities of the 
CubeSat UWE-1 [13]. UWE-1 weighs about 1 kg with  a 
volume of 1 Liter. Its orbit is located at an altitude of 
about 800 km. The orbit is a polar one with an 
inclination angle of 98.190°. As an experimental satellite 
it supports an uplink/downlink GSL bandwidth of 1.2 
Kb/sec, with the possibility to reach 9.6 Kb/sec for 
Intersatellite links. UWE-1’s transceiver operates at a 
frequency of 430 MHz with a power level of about 3.5 
W. As link protocol, UWE-1 uses AX.25, while 
supporting IP at the network layer, and TCP on the 
transport layer. The use of TCP is needed whenever 
connections involving the satellite itself with a ground 
station are needed for transmitting sensor data or 
responses to requests sent from the ground stations. The 
satellite may also function as a mere IP forwarding node. 
Currently, correspondent ground stations are located in 
Würzburg, Stanford and Tokyo. For secure command 
transmission (e.g. orbit correction) standalone AX.25 is 
used. UWE-1 initial tests shall open the way to build 
LEO satellite networks to handle data traffic. Similar 
platforms are used in the CLEO [23], CHIPSat [28] and 
some other projects. For most IP-based constellations, 
the only publicly available performance analyses are a 
result of simulations ([5], [12]). 

At the moment the simulation is built using the 
Henderson satellite package provided in ns-2 [22]. Part 
of the settings of all simulated scenarios are two ground 
stations used as correspondent nodes, one in Würzburg, 
Germany, and one in Edinburgh, UK. An additional 
server node is positioned at Würzburg. Two more 



CubeSats are added to the scenario (UWE-2 and UWE-
3) to test ISLs. These two were stationed on the same 
orbit plane as UWE-1, but in distances of 10° up to 40° 
between each other. The ISLs between the satellites 
allow 9.6 Kb/sec data rate, since it is the maximum 
bandwidth of UWE-1. Simulating a day long of 
communication (24 hours or 86400 seconds) allows the 
orbital plane to cover the whole earth surface. 

Overall, four different scenarios are simulated (See 
Table 1). To vary the geometry of the constellation, we 
shortly introduce the following angles: (1) the elevation 
angle is defined as the angle between the tangent plane, 
touching the earth surface at the point where a given 
ground node is, and the minimal line of sight of a 
satellite, e.g. if from the point of view of the ground 
station the satellite flies directly over the top of a 
mountain, then the elevation angle is the angle between 
the horizontal plane and the top of the mountain because 
below this point is no line of sight. The alpha angle gives 
the angular distance between two neighboring satellites 
on the same orbital plane. For Scenario 1 an FTP 
application is used, for the other scenarios a Constant Bit 
Rate sender (CBR) is used. As assumed by the 
developers of UWE-1, there are three possible 
transmission windows, during which connections 
between Würzburg and Edinburgh could be established. 
The same applies to the satellites in our modeled 
simulation. These transmission windows are a result of 
the rotation of the earth, while assuming the satellite 
rotates on a fixed virtual plane that crosses the earth and 
sweeps along its surface. 

Scenario 1 is developed to compare different 
implementations of TCP under complete constant orbital 
settings. TCP versions Tahoe, Reno and New Reno are 
chosen. All of these three are tested with and without 
selective acknowledgments (SACK). The results of the 
simulations show that each TCP version with SACK has 
nearly the same behavior like the TCP version without 
SACK. This is due to the fact that very few packets are 
dropped due to errors, but rather due to movement of the 

satellites. It is planned for future to use the measured 
channel conditions on UWE-1 to create a more accurate 
drop effect due to signal fading, and channel changing 
conditions. This part is left open in the current 
implementation of ns-2. SACK will then show a better 
performance in retrieving just lost segments compared to 
a Go-back-N strategy [26]. During the whole simulated 
day period (of 24 hours) there are only three short 
periods of time (Transmission Windows A, B and C) in 
which the connection can be established. After the 
connection stops at the end of a transmission window, 
the sender still probes for a connection while doubling 
the time span between each probing for a connection up 
to values over 2500 sec (almost 42min). Due to this fact 
the next transmission window is not recognized by the 
sender in some simulations because the sender (in 
Würzburg) only can get an answer from the ground 
station in Edinburgh if the probing is done while both 
ground stations are in the footprints of the satellites. For 
Scenario 1 Transmission Window A can be used by all 
simulated TCP versions. TCP NewReno also gets a 
connection during Transmission Window B, but the 
other TCP versions are not able to reestablish a 
connection after the end of Transmission Window A (see 
Figure 1). A solution for this problem would be to adapt 
the simulations to this behavior by using a protocol, 
which provides the setting of this value. For LEO 
satellite connections a much smaller value for the 
maximal probing interval should be used because of the 
high velocities of the satellites. In spite of the break 
down of the connections the results of the simulations in 
this scenario still can be compared for the first 
transmission window (Figure 2): For the given 
parameters TCP Tahoe and NewReno perform best. TCP 
Reno has not a good performance, although it has the 
most correct recovery behavior after the first packet loss 
occurred. The packet loss in all scenarios happen due to 
handover processes between ground stations and 
satellites. 

 
 

Scenario Alpha Angle Elevation Angle Transport Protocols Application 

1 constant 25° constant 9° TCP Tahoe, TCP Reno, 
TCP NewReno FTP 

2 constant 25° 5°, 9°, 20° UDP CBR 

3 10° – 40° constant 9° UDP CBR 

4 constant 25° constant 9° TCP Tahoe, TCP 
NewReno, UDP CBR 

Table 1: Simulation Scenarios 
 



 
Figure 1: Results of Scenario 1. 

 

 
Figure 2: Zoom into Figure 1. 

 
For Scenario 2 the elevation angle is altered to 

simulate different positions of sending and receiving 
ground stations, e.g. on a plane or in a valley (as 
elevation angles of 5°, 9° and 20° are chosen). In 
contrast to Scenario 1, the FTP application is replaced by 
a Constant Bit Rate traffic generator, producing a packet 
of size 150 byte every second. For this scenario UDP is 
used as transport protocol. This can utilize the maximum 
channel capability and avoid TCP probing errors of 
satellite connectivity. We assume a predictive measure 
that the application is turned on the moment where the 
satellite footprint covers both ground stations. In CLEO 
[23], the LEO router sends periodically UDP beacons to 
indicate that the satellite is in range. We assume a 
movement prediction mechanism similar to that used in 
[19], which is less costly than the beaconing and could 
use other communication means to collect the movement 
knowledge. 

The elevation angle affects directly the connectivity 
window. The higher the elevation angle, the smaller is 
the visible part of the orbit seen from the ground station. 
As expected (see Figure 3), the 5° simulation produces 

the best results as it had the longest transmission 
windows, followed by the 9° simulation. The last 
simulation using 20° can not use the first transmission 
window. It just uses the second and third one. The 
behavior for higher elevation angles could be 
compensated by more orbit planes and more satellites on 
each orbit plane for a complete LEO network. 

 

 
Figure 3: Results of Scenario 2. 

 
Scenario 3 alters the alpha angles, meaning the 

distance between neighbored satellites of the same orbit 
plane. The simulations use alpha angels from 10° to 40° 
increased in steps of 5°. The simulation for 25° achieved 
the best result and the simulation for 10° achieved the 
worst result (see Figure 4). A value higher than 25° lead 
to larger gaps between the footprints of the different 
satellites, so the connection is lost during the time a 
ground station is inside such a gap. On the other hand a 
low value for the alpha angle has the effect that the 
period of time, in which both ground stations are in the 
footprints of the satellites, is very short. 

 

 
Figure 4: Results of Scenario 3. 

 
Scenario 4 tests the performance of different transport 

protocols: TCP Tahoe, TCP New Reno and UDP. For 



the low GSL and ISL bandwidths of these simulations, 
UDP outperforms TCP Tahoe and TCP New Reno for 
the amount of received data at Edinburgh (see Figure 4 
and Figure 5). The great advantage of UDP here is, that 
is does not need to establish a connection and has not to 
wait for ACKs. As UDP has no recovery mechanisms, 
unlike TCP, it can use all transmission windows while 
TCP can not establish a connection during the last 
transmission window because of the already mentioned 
problems with the large probing interval (see Scenario 
1). The only problem with UDP is its increased packet 
loss in the case of increase of the BER due to worsening 
channel conditions (weather storms, etc). In addition, at 
the ground station some packets are queued in a buffer, 
so during handover no packets are lost. This assumed a 
large enough buffer, which can be overrun if the 
application was generating too many UDP datagrams or 
having several users (problem of fairness). Extensions to 
use real-time protocol and real-time control protocol 
(RTP/RTCP) [26] could provide the handles to stop the 
application or slow it down, when no coverage is 
provided. The two protocols are not yet tested at the 
moment in our UDP scenario. Note also that the 
application was set up to generate 150 bytes sized 
packets every second, to reach a full utilization of the 
channel (150 × 8 = 1.2Kbps). The use of small packets 
allows a better granularity to deal with handover 
interruptions and loss due to end of a transmission 
window. A larger packet can be lost although 90% of its 
payload was received due to simply a satellite moving 
out of range. 

 

 
Figure 5: Results of Scenario 4. 

 

 
Figure 6: Zoom into Figure 5. 

 
E. CONCLUSION 

 
To build up a LEO satellite network for data 

communication would be a good alternative to the 
existing GEO satellites and the ground based high 
capacity links. For GEOs not only the long round trip 
times are a problem, GEOs are single points of failure. A 
LEO constellation could compensate the failure of one 
satellite much easier. Ground terminals need smaller 
antennas consuming less energy and allowing handhelds 
to connect to satellite mesh network [10]. The evolution 
of LEO constellations to fully support IP, will also allow 
cooperation between independently launched platforms. 
Their adaptive radios will build ISLs based on their 
closeness in space and could be maintained for long or 
short periods of time. 

Our simulations can easily test topological and 
performance issues, while allowing further 
developments. The current planned measurements will 
allow us to build more accurate and realistic drop 
models and throughput variations in the current 
simulation. In this paper the simulations based on the 
parameters of the pico-satellite UWE-1 mostly showed 
that: 

• TCP NewReno shows the best performance, 
• each TCP version with SACK performs very 

similar to the TCP version without SACK due to 
the less accurate drop rates 

• the effects of varying alpha and elevation angles 
can accurately trace the effect of geometry and 
visibility of the satellite constellations, 

• UDP has much more throughput than TCP when 
started on the predicted transmission windows. 

For a complete LEO network the alpha angle and the 
elevation angle are compensated by the high number of 
satellites on several orbit planes. To simulate a complete 
LEO network designed for data communication using 
TCP/IP would be an interesting part of future work.  



To integrate TCP/IP on LEOs would make it possible 
to include satellites into the existing Internet as a kind of 
flying routers or access points and extend the 
possibilities of today’s communication. CubeSats like 
UWE-1 are a good chance to compare theoretical results 
with practical experience. The University of Passau 
plans to use UWE-1 for measurements of algorithms in 
transport layer and IP layer. UWE-2 could be built in the 
future to include improvements tested under simulation. 

Another important research topic is location 
awareness [19]: If the ground stations can keep track of 
the positions of the satellites, the transmission window 
can be optimized because the sending station knows 
during which period of time there is a line of sight to a 
satellite. Organization of constellations could be also 
made with the target to provide best connectivity to 
some ground stations. 
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