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Abstract 
This paper presents the main results of a study which investigated the opportunities to use the 
geostationary satellite for the interconnection of A TM LAN' s in a meshed configuration. The strategical 
aspects in terms of user requirements, infrastructure evolution and ATM equipment availability are first 
analyzed. Both short and long term scenarios are considered in this paper. For the short term, a 
configuration involving only minor modifications to existing equipment is proposed while for the long 
term a more efficient configuration is outlined. Several satellite access schemes are compared and one 
scheme is selected respectively for the short term and the long term scenario. The modifications to ATM 
equipment available today for the satellite gateway are evaluated together with the issues related to the 
set-up of a connection. The elements of the system which affect the overall performance are analyzed. 
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1 INTRODUCTION 

1.1 Scope of the project 

This document reports the results of the study project entitled Broadband communication over satellite 
performed by CSEM for the European Space Agency (ESA). Eutelsat, Swiss Telecom PTT and 
LOGICA (UK) have collaborated in this project which had a larger scope than the one presented in this 
paper: a first part has been dedicated to the Synchronous Digital Hierarchy (SOH) and the second part 
to the Asynchronous Transport Mode (A TM). Only the results of the latter are reported here. 
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The project objectives were: 
e to determine if and how satellites can play a role for A TM LAN interconnection, 
e to identify suitable system concepts and architectures, 
e to check the performance of the identified solutions by means of simulations. 
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The scope of the study was limited to geostationary orbit satellites (GEO) and to the consideration of a 
limited number of nodes in the network. Only transparent 'bent-pipe' satellite payloads were considered. 
On-board switching payloads were therefore not part of this activity. The focus was on defining a 
configuration which could be set up in the short term, reusing existing equipment with minimum 
development. A network node, as shown in figure I, consists of an earth station, a bank of modulators 
and demodulators, a switch and the terrestrial interface. 

Figure 1: Reference Scenario 

1.2 Background 

Over the last years, massive investments have been devoted to the development of terrestrial broadband 
networks based on fiber optic transmissions and on the use of cell switching techniques. A TM is first 
being implemented in the local area, creating local A TM islands which need to be interconnected by 
A TM trunks. A ubiquitous fiber-based broadband infrastructure cannot be made available in the short 
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tenn. On the other hand, the advantages deriving from the use of satellites capable of interconnecting 
these ATM broadband islands are apparent: easier set-up of the network infrastructure, rapid 
reconfiguration of the network, inherent possibility to implement multicasting and wide area coverage 
potential. It is therefore expected that satellite systems can play a major role in the evolving broadband 
networks. 

Among the user requirements, one can enumerate: 
e Video-conferencing: today, the time spent traveling for business or technical meetings is 

consuming a lot of resources. There is no doubt (or it is at least highly probable) that in the future, 
infonnation, voice and images will travel instead of people. 

e Remote demonstration: it is not always possible or desirable to move people and machines to show 
something on a computer. Sending part or all of the display from one machine to a remote 
location, including the voice and image of the people initiating the demo will be much used as soon 
as it will be possible. 

e Real-time database access and manipulation: access to the same piece of infonnation from the 
various locations of one company or from a consortium is highly desirable. 

e Collaborative work, enabling the members of a project team to share and revise information 
simultaneously available on their displays. 

The satellite has an inherent capability to distribute infonnation, which, combined with the good 
switching capabilities of ATM, allows an efficient connection of remote sites. 

A number of technical challenges have to be considered for broadband networking via satellite. 
Geostationary satellites introduce a roundtrip delay of 270 ms. The overall perfonnance can fall below 
acceptable limits when errors occur and cells have to be retransmitted. Not being physically possible to 
decrease the end-to-end delay under the roundtrip delay, some care has to be taken in order to maximize 
the throughput. The effects of the bursty errors of coded satellite links on the ATM protocol has been 
extensively studied and is discussed in [1]. It has been shown that the optimized choice of coding 
schemes allows to have a quasi error-free link for a high percentage of the time. 

Moreover, due to the full mesh configuration we are working with, the data broadcast by the satellite 
from an Earth Station (ES) is received by all the remote ESs, even those which are not supposed to get 

them. As we will show later on, this makes the signaling protocol more complex. 

1.3 Organization 

In this paper, two of the scenarios considered in the mentioned study are presented: 
e a short tenn option only relying on equipment available today, which can be used with only small 

modifications 
e a long tenn option providing a more efficient system, but for which extra development is needed. 

Section 2 summarizes the results of an ATM market survey which was part of the study, where three 
areas were covered: the user requirements, the Telecom Operators' (TO) plans and the ATM equipment 
availability. 

In section 3, an analysis of the terrestrial and satellite tariffs is done to extract a range of opportunity 
where satellite solutions are attractive from an economical point of view. 

Various existing satellite access schemes are compared. Section 4 treats this subject for the short 
tenn option. 
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From an end-user point of view, the establishment of a connection with a colleague or a machine 
located in a remote site should be as transparent as possible. Section 5 highlights the issues and 
proposes outline solutions. 

Section 6 selects one configuration for the short term and develops an outline design for the long 
term, where two options are evoked: the encapsulated and the integrated signaling. 

Some system elements play a key role to optimize the overall performance. They are listed in 
section 7. Section 8 concludes this paper. 

2 ATMMARKETSURVEY 

In the course of the study several corporate organizations and telecom operators have been interviewed. 
Some of the former expressed the need for ATM communications over satellite. These are above all 
organizations which operate in areas where high rate terrestrial links are unavailable. Among the latter, 
trials have been undertaken, to validate A TM over satellite. Satellites are seen as a possible means to 
avoid transit fees with direct satellite connections to distant countries. 

3 RANGE OF OPPORTUNITY FOR THE SATELLITES 

In order to be able to make a meaningful comparison between satellite and terrestrial networks offering 
ATM, one needs to compare similar services offered by the terrestrial and satellite approaches. This 
comparison has been done on tariffs rather than on costs, which would imply the calculation of full 
telecommunications costs such as infrastructure costs, operating costs and profit margins. 

3.1 Short term 

The results of a tariff analysis carried out by the Swiss P1T are: for short (from Switzerland to the 
bordering countries) and medium distances (within western Europe), satellites are not price competitive. 
They could ouly play a role in this area when an immediate need of connection arises and no cable 
connection exists within the expected bandwidth. For long distances, satellites are currently very 
interesting from an economic point of view. The tariff comparison is done for point-to-point links; in a 
full mesh configuration, by dividing the satellite transponder rent (main costs contributing to the tariffs) 
over all the ES users, the satellites become competitive even for medium distances. 

From this analysis, a range of opportunity has been foond: a full mesh satellite network with a 
limited number of nodes will be viable for medium and long distances. 

3.2 Long term 

The evolution of tariffs in the long term is very unpredictable: the market deregulation in 1998 will 
probably decrease the communication tariffs at least for international traffic. This change in tariffs is 
also expected to apply to satellite capacity and satellites may become more competitive for this reason. 
Configurations where the users have to pay for the satellite link even when they are not using it are not 
acceptable. Some form of demand-assignment of the available capacity is necessary. 
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4 SATELLITE ACCESS SCHEME 

This section presents candidate access schemes. Although CDMA provides security and a good 
resistance to fading, there is no existing equipment now on the market. Hence, we are not considering it. 
We explicitly excluded any kind of topology leading to a double hop, such as the star topology. In such 
a topology any kind of data exchange between two remote ESs has to go through the hub station. This 
introduce a delay of 0.54s (same for the return). This is not compatible with the time constraints of 
voice and video services over A 1M. 

4.1 Frequency Division Multiple Access (FDMA) 

IDR (Intermediate Data Rate) is a well known standard [2] and IDR equipment is widely used to 
transmit data rates from 2 to 45 Mbit/s, mostly in point-to-point configurations. Nevertheless, a multi
destination option is considered in the standard. 
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Within IDR the multiplexing of the available bandwidth is achieved by allocating different frequency 
bands to each ES (see Figure 1). Each ES sends data to the others (up link) and receive on a separate 
frequency (each requiring a dedicated demodulator) from every other ES as shown. The standard allows 
up to five stations. This scenario is the point-to-multipoint extension of the configuration demonstrated 
by Eutelsat in a series of field trials in mid-'94 [1], aiming at validating A 1M over satellite at 34 Mbit/s 
using standard IDR RF modems in a point-to-point configuration. 

In this figure, 4 demodulators are placed in the ES, each one assigned to the carrier frequency A, B, 
D or E. The frequency bandwidth allocation cannot be modified easily with IDR since it is adjusted in 
hardware at the input filters. The maximum throughput capacity on a link is given with its bandwidth. 

This scenario shows a network node composed of an A 1M switch, an IDR modulator and 4 IDR 
demodulators. For the terrestrial network interface several configurations could be used: 
e A 1M cells encapsulated into a STS-1(SONET)/S1M-1(SDH) frame (OC-3c interface); 
e A 1M cells encapsulated into a 34 Mbps PDH frame (E-3 interface). 
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The connections between the ATM switch and the modulator/demodulators can either be done through 
an E-3 interface (34 Mbps PDH) or a dedicated 'Low rate ATM'. 

Standards for mapping ATM cells over PDH exist for 2 Mbit/s and 34 Mbit/s only (3][4]. IDR 
modems may support also any other intermediate bit rate. In order to take advantage of such bit rates, 
dedicated interfaces should be defined. 

As indicated in [2], IDR carriers have a framing period of 125 J.lS for transporting 12 bits of 
overhead and 256 bits of payload at 2 Mbit/s. This overhead is relatively lower for the higher rates (up 
to 44.736 Mbit/s). 

Each ES transmits data destined to all the other ESs on one frequency. The receiving ESs will 
receive multiple frequencies and will retain only the relevant A TM cells, ignore those destined to 
another station. Usually, switches hold a mis-routed cells counter. In current switch implementations, 
alarms are generated when a given threshold is violated. A mechanism should be devised to inhibit the 
generation of these alarms. 

4.2 Time Division Multiple Access (TDMA) 

Within TDMA the multiplexing is achieved by allocating different time slots to each ES (see Figure 2). 
The number of cross-connected stations is theoretically limited by the transmission bit rate via satellite 
and the incoming information rate at each ES. 

Terrestrial Network 

A 1M 
u~~erPDH 

Figure 2: TDMA 

For example, a conventional total bandwidth of 120 Mbit/s is used per transponder with the 
EUTELSA T II satellite. The picture above shows a single transponder scenario. Transponders can also 
work in parallel. 

Since each ES has a given allocated timeslot to transmit, synchronization of all the ESs is necessary. 
Due to the geographical distribution of the ESs, the notion of a timeslot in term of absolute time is 
different for each one: two ESs transmitting exactly at the same time during a given window will not 
necessarily provoke a conflict when the two data packets arrive at the satellite. Moreover, the distance 
from the satellite to the ESs is changing all the time due to the satellite movement. The additional 
overhead necessary to ensure synchronization adds a lot of complexity and makes TDMA more 
expensive than IDR. However, for a large number of ESs (>5), TDMA becomes interesting. 

One advantage of TDMA is that there are no inter-modulation problems since the transponder only 
has to deal with one carrier at a time. 

The information bit rate allocation for each transmitting ES can be changed by adapting the time slot 
size for each ES. However, it is not possible to change the burst plan allocation dynamically. Using 
EUTELSAT II, it takes few hours to do it. 

This scenario shows a network node, including an ATM switch, a TDMA modulator and a TDMA 
demodulator. Terrestrial interface aspects are identical to the FDMA case. 
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The connections between the A 1M switch and the elastic buffers and between the elastic buffers and the 
modulator/demodulator can either be done through an E-3 interface (34 Mbps PDH) or a dedicated 
'Low rate A 1M'. 

The cells sent by the switch need to be stored in an elastic buffer before the modulator can re
transmit them: the modulator can send data only during a given window (its allocated timeslot). This 
buffer was not needed in the previous scenario since the IDR modem is always transparently carrying 
the incoming data flow. Idle cells should be generated as soon as the elastic buffer is empty. 

So, an elastic buffer is also needed at the terrestrial station, in order to reassemble the A 1M cells. 
The buffer is also needed to store all the cells which are received in one burst and to transmit it 
'continuously' to the cross-connect in order to meet the cell delay variation requirements. 

5 SIGNALING AND CALL CONTROL 

In this section, we assume that the satellite links are established and the connections between the satellite 
gateways are transparent. 

5.1 Permanent and Switched Virtual Circuit 

ATM is a connection oriented technology: before data can flow over the networlc from the source to the 
destination, a connection should first be established. The connection establishment can be based on two 
kind of solutions: 
I. Permanent Virtual Circuit (PVC) if a circuit is established manually by a network operator. It is 

considered permanent since it is present after a connection is made and until the operator changes 
it. 

2. Switched Virtual Circuit (SVC) if a circuit is dynamically allocated for each new connection using 
A 1M signaling, and is present only for the time of the connection. 

The A1M Forum has defmed a common user signaling protocol. This is reflected in the ITU-T 
recommendation Q.2931. The absence of a stable standard has led to the definition of proprietary 
implementations of the access signaling protocol. For example, the FORE switches considered in this 
study use a proprietary protocol named SPANS (Simple Protocol for A1M Network Signaling) to 
create a SVC. This solution has the drawback to work only with FORE equipment and does not allow to 
connect FORE equipment with equipment from another vendor. 

Since the purpose of the study was to propose a configuration which could be set-up in the short 
term, therefore reusing existing equipment with minor developments, the SPANS signaling protocol was 
taken as a reference and is shortly introduced in the next section. Nevertheless, the considerations 
related to the user signaling protocol are general and may apply to any proprietary implementation. 

5.2 The Simple Protocol for ATM Network Signaling (SPANS) 

This protocol relies on the A1M layer with a bi-directional PVC (VPI=O, VCI=l5). All links used by 
participants in the signaling protocol must declare this PVC. The adaptation layer could either be 
AAL3/4 or AAL5. The transport layer does not exist. So it is assumed that the signaling application 

will retransmit a lost message and suppress a duplicate one. 
The presentation layer is encoding/decoding messages from/to the application layer, using the 

External Data Representation (XDR) [5], an abstract notation used as the input of the publicly available 

rpcgen tool [6]. 
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The application layer is based on the well known Remote Procedure Call (RPC)[7] and is 
materialized by a client/server structure program. It uses a set of messages like: 
e open_request: request for opening a connection (providing arguments like AAL type, preferred 

VPINCI, desired bandwidth, minimum bandwidth); 
e open_response: response to the above request, providing arguments like chosen VPINCI, 

allocated bandwidth and result of the request ( ok or not ok); 
e multi_request: contains the same set of parameters as open_request but here concerns a multicast 

channel; 
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Figure 3: SVC over PVC protocol stack 

This protocol can run transparently over an A 1M node which doesn't support it. In this case an existing 
PVC will connect the SVCs and make the links transparent as represented in Figure 3. However, the 
following pre-requisite exists to do that: two PVCs (VPI=ONCI=l5) should be created (one per 
direction) in order to carry this out of band signaling transparently over the non-compatible node. 

5.3 PVC based configuration 

The A'IM switch at the satellite gateway of ES, could be programmed with through paths having 
VPI=XOY. 
Then, the ES2 switch will discard all the A 1M cells having a VPI other than 0, 201 and 203 to 205 from 
the satellite. VPI=O can be reserved for multicast, where the VCI could be used to specify which ES 
should receive the cells, in a 1 among n notation: 

VCI=Ox006= BOOOO 0000 0110 will be used to reach ES3 and ESz. 
VCI=OxOlF=BOOOO 0001 1111 will be used to reach all the 5 ESs. 

The problem of a such configuration is its rigidity: a workstation has to be directly attached to the 
satellite gateway or through PVCs. 
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5.4 SVC over PVC based configuration 

A more flexible solution is to use SVCs over PVCs with the protocol stack illustrated in Figure 3. Then, 
one through path has to be created to broadcast the signaling requests to the nearest A TM switch 
running SPANS and 4 through paths to merge the incoming traffic from the satellite. 

An open_request call, asking to open a connection, from the nearest switch connected to the ES will 
be carried over the satellite and received by the four remote stations. Since each one has an entry in its 
through path table corresponding to 0/15, the call will be forwarded to the next switches connected to 
B 1 ports of the remote ESs. Suppose they are enabling SPANS, then only one of them (this one able to 
reach the targeted host) will send a positive response with open_response. The three other one will send 
a negative acknowledgement. 

A regular implementation of SPANS will consider the first reply and ignore the next one. If the first 
acknowledge is the one accepting the connection and returning the VPI/VCI, then everything is fine. 
Otherwise, the connection will not be established, sending to the workstation operator a message like: 
Sorry, there is no way to reach xx. As nothing ensures that the first reply will be positive, the 
establishment of SVCs through the existing PVCs will not work correctly. 

This problem does not exist when the satellite acts as a simple point-to-point link. This is very 
specific to the special configuration under study we have in this satellite full mesh network. 

A single open_request call will be sent from the last ATM switch connected to the ATM gateway. 
This switch should be prepared to receive several open_response messages from the in port associated 
with the out port from where the request was sent. It should know how many responses are expected, so 
how many ESs are involved in this full mesh link. 

5.5 SVC based configuration 

In this case, we are considering the SVC establishment over the satellite link. Several PVCs will have to 
be created for the out-of-band signaling. For example, we can easily imagine to keep VPI=O and use 
VCI=XOY for an out-of-band signaling from ESv to ESx. The signaling protocol should listen to all 
these channels: a request coming with VPI=ONCI=XOY (on any port) should be acknowledged with 
VPI=ONCI=YOX on portAl. 

This configuration implies the need to modify the existing signaling software. If we are looking at the 
SPANS again, software changes will have to be done only concerning the out-band signaling. The 
amount of modifications appear to be very reasonable and focused on a lower layer. 

6 SELECTED CONFIGURATIONS 

6.1 Short term selected configuration 

The two following tables summarize the motivation for the selection of the configuration: 

Satellite access scheme comparison 
TDMA Advantages 
Is not limited to a given number of ESs 

IDR (FDMA) Advantages 
Simpler, cheaper and can reach data rates high 
enough in order to be interesting (up to 44736 
kbitls) 
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Signaling comparison 
SVCs over PVCs Advantages 
A single out-band signaling channel is uniformly 
used 

Traffic between ES is allocated by the network 
operator (if the total bandwidth shouldn't be 
shared in a first came in first serve scheme). 

SVCs only Advantages 
Only the gateway has to deal with modifications 
for the satellite 

Changes are concentrated on a single point 

Multicast will not need special development 

Bandwidth can be shared by any ES, so it will be 
more efficiently used. 

This led to the choice of IDR for the satellite access scheme and SVCs only for the signaling. 

6.2 Long term scenario: Reservation TDMA 

The access schemes previously listed have the drawback not to be able to allocate bandwidth 
dynamically. The presented long term configuration is based on bandwidth on demand. Studies in this 
area have already been done, but for lower bandwidth (up to 2-8 Mbps), like in the FODA-TDMA 
project [8]. These access schemes principles could be re-used for the developments of this scenario, just 
scaling the bandwidth in order to fit it for the A TM based application requirements. 

The main difference between TDMA described in paragraph 4.2 and reservation TDMA comes from 
the TDMA burst plan. In 4.2, the burst plan is fixed and can eventually be changed by an operator. The 
objective of the reservation TDMA is to give the opportunity to any ES to seize a free timeslot 
dynamically. 

From this point, there are two main options: 
e encapsulate all the ATM traffic together (signaling and data) and use the existing system with 

minor modifications. Opening/closing of virtual circuits must be performed by higher level 
protocols; 

e integrate the ATM signaling into the control sub-frame and reference burst structure. 

Comparison 
ATM traffic encapsulation Advantages 

Cheaper development 

Is not bound to A TM 

The number of potential ESs is not limited 

ATM signaling integration Advantages 

Only the TDMA controller is concerned by the 
changes 

Short connection setup delay 

The ATM 'bandwidth on demand' capabilities are 
used 

The advantages and disadvantages of both approaches are very well balanced, and the choice is not 
obvious. The second argument of the first option is partially true: at least, the physical interface will 
have to be changed to move to other technologies. Moreover, as noted, the burst plan should be 
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optimized for ATM if we want to avoid a per frame queuing buffer development. We believe that the 
A TM signaling integration is a better candidate and it surely presents long term advantages. 

7 SYSTEM ELEMENTS AFFECTING PERFORMANCE 

Each element involved in the end-to-end communication will have an influence in the overall 
performance. The switch and the RF modem are considered here: 

7.1 The ATM switch 

The following characteristics are considered: 

e Contentionless time division switching fabric: contrarily to the time division switching, this 
switching fabric type is non-blocking, even when multi-cast (the most probable case where a 

congestion could occur) is used. 

e Distributed switch control architecture: contrarily to the centralized switch control architecture, 

this architecture type can better integrate the switch configuration changes of the satellite gateway 
which can be made locally. 

e Extendable output buffers: cell loss has to be avoided as much as possible, since the affected 

packets will have to be re-transmitted, introducing a delay greater than twice the roundtrip delay. 

e Bandwidth management capabilities[9]: for the same reason mentioned in the previous item, 

choose smart output buffers offering: 

l. A queue for each VC. 
2. Multiple classes of services through dynamic buffer allocation. 
3. Packet level discard: Early Packet Discard (EPD) and Partial Packet Discard (PPD). 

7.2 The RF modem 

The use of suitable Forward Error Correction (FEC) is essential to keep the Bit Error Rate (BER) 
within limits which do not impair the performance of the ATM link (BER<l0·1~. The suggested 
technique is to use a Reed Solomon in conjunction with a Viterbi encoder/decoder. The satellite link 
presents a fiber-like performance most of the time with a high percentage of availability. This is 
achieved at the expense of a moderate bandwidth increase. 

8 CONCLUSIONS 

A five node fully meshed satellite network based on multidestination IDR was selected for 

implementation in the short term. The ATM switch residing at the satellite gateway will need to run a 

modified implementation of the signaling protocol in order to support end-to-end SVCs. The 
modification appears very reasonable and is located in the lower layers of the signaling protocol stack. 

This configuration can be commercially interesting in a corporate networking environment with the need 
to exchange large amounts of data. Satellite links can be designed in order to be highly reliable 
(BER < 10·1~, hence making data retransmission very improbable and the roundtrip delay a secondary 

drawback. 

A configuration for the long term has been outlined using a demand assignment reservation TDMA 
satellite access scheme, where the ATM signaling is integrated with the TDMA signaling. The TDMA 
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controller will require an adapted ATM signaling implementation with the benefit that no other network 
node has to be modified. 

Finally, we would like to acknowledge Gaye Cassidy (LOGICA), Rudolph Bronnimann (Swiss-P'IT) 
and Jonathan Castro (CSEM) for their valuable work in this project. 
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