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Abst r act

When considering a satellite constellation formng a non-terrestria
network, the characteristics of this constellation heavily influences
the network topology it forns. To inprove the analysis of such non-
terrestrial networks across various tools devel oped by the network
community, this docunment proposes a notation to describe comon
constellation patterns. |In addition, this docunent may serve as an
introduction to satellite constellations for | ETF participants.

About Thi s Docunent
This note is to be renoved before publishing as an RFC

The latest revision of this draft can be found at
https://npiraux.github.io/draft-piraux-space-constell ation-code/
draft - pi raux-space-constellation-code.html. Status information for
this document may be found at https://datatracker.ietf.org/doc/draft-
pi raux- space-constel | ati on-code/.

Di scussion of this docunent takes place on the Systens and Protoco
Aspects for Circunstellar Environments RG Research Group mailing |ist
(mailto: space@rtf.org), which is archived at

https://mail archive.ietf.org/arch/browse/space/. Subscribe at
https://ww.ietf.org/ mailman/listinfol/space/.

Source for this draft and an issue tracker can be found at
https://github. com npi raux/draft-piraux-space-constellation-code.

Status of This Meno

This Internet-Draft is submtted in full confornmance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working documents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute
wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.
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Internet-Drafts are draft documents valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."

This Internet-Draft will expire on 23 April 2026.
Copyright Notice

Copyright (c) 2025 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Legal
Provisions Relating to | ETF Documents (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these docunents carefully, as they describe your rights
and restrictions with respect to this docunent.
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1. I nt roduction

The network topology of a satellite constellation is heavily
influenced by its orbital characteristics. Wth recent technol ogies
enabling Optical Inter-Satellite Links (O SL) between satellites, a
network is formed by establishing |inks between nei ghbour satellites.
The resulting topol ogy can be dynam c as the di stance between

nei ghbour satellites changes throughout their orbital period. A
common notation for the network comunity could inprove the

reproduci bility of eval uations, neasurenents and sinul ations of
satellite constellation networks.
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The true position of a satellite is often represented using a Two-

Li ne El enent set (TLE). A TLE contains a nunber of fields describing
the orbital elenments at a given tinme of a given satellite. Comnbined
with a sinplified perturbation nodel, the TLE can be used to predict
the future position and velocity of the satellite relatively
accurately. However, when studying satellite constellations, TLEs
may not be appropriate. First, they assune each satellite has a
known absol ute position, which is derived fromthe | aunch time and
paraneters which may not be known when studying of the constellation
Second, they involve conplex cal cul ati ons given the chosen
perturbation nodel which may not scale well to |arge-scale
experinments. Third, TLEs are not sufficient to determ ne how the
links are established within the constellation as they do not
indicate its characteristics but only the position of its satellites.

The approach of this docunent is based on the mission paraneters of a
satellite constellation. Based on these paraneters, the expected
position of each satellite within the constellation can then be
computed. While this approach does not capture the small

di screpanci es that can occur during the |aunch and operation of the
satellites, we argue that it is sufficient in our context.

The rest of this docunent is organised as follows. Section 3

i ntroduces two variants of the Wal ker pattern for orbital shells.
These are used to define nmany of the existing satellite
constellations. Section 4 defines the constellation code syntax
usi ng an ABNF grammar [ RFC5234] and the code semantics. Section 5
contai ns exanpl es of existing constellations defined using the
constellation code. Finally, Section 6 concludes with considerations
for future versions of this document.

2. Conventions and Definitions

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in
BCP 14 [ RFC2119] [RFCB174] when, and only when, they appear in all
capital s, as shown here

3. Satellite constell ations

A constellation greatly inproves the availability of a satellite
service up to gl obal or near-global coverage on Earth. Fromthe user
perspective, a constellation offers nore guarantees that a satellite
can be reached at all tines. A constellation is conposed of a set of
orbital planes. Typically, several satellites are present on an
orbital plane. They can be close together to performformation
flying or are equally spread within the plane. Obital planes are
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3.

3.
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distributed in a conplementary manner, i.e., they share sone
properties (e.g. altitude and inclination) but differ in others (e.qg.
| ongi t ude of ascendi ng node).

When all orbital planes of a constellation are circular orbits
sharing the sane altitude, they are said to constitute an orbita
shell. Constellations often consist of a single orbital shell but
nmore conpl ex depl oynments can have several shells.

The rest of this section describes two conmon shells based on the
Wal ker pattern

Wal ker constell ations

A Wl ker constellation consists of circular orbits sharing the sane
inclination. Two variants of the Wal ker pattern exist:

* WAl ker Star, where orbits are distributed over 180 degrees around
t he equator.

* WAl ker Delta, where orbits are distributed over 360 degrees around
t he equator.

1. Wal ker Star

Figure 1 is an illustration of a Walker Star constellation
considering the Earth equator as horizontal in the Figure. The orbit
trajectories are depicted by a dashed line, while satellites and
their travel direction are indicated by arrow heads.

The orbits of a Walker Star constellation often have an inclination
close to 90 degrees with respect to the equator plane. G ven that
they are distributed over 180 degrees around the equator plane, one
hal f-sphere has satellites ascending fromthe south pole to the north
pol e while the other has them descending fromnorth pole to south
pole. This is depicted on the two sides of Figure 1. Over the south
and north poles, all orbits are crossing paths before going over the
ot her hal f-sphere
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Figure 1: A Walker Star constellation

In a Wal ker Star constellation, a seam can be observed at the start
and end of the orbit distribution around the equator plane. That is
the first orbit (resp. last orbit) is next to the last orbit (resp
first orbit) going in the opposite direction of the sphere. 1t can
be observed at the center of the Figure 1. Wen conmmuni cation

bet ween satellites of neighbour orbits is desired, a \Wal ker Star
pattern may not be suitable due to this effect and inter-satellite
links may be limted within the same orbit.

Figure 2 illustrates a part of a possible network topol ogy for \Wal ker
Star constellations, with four orbital plane depicted vertically,
each containing three satellites. Links are only established in-
plane, i.e., within the sanme orbit. Each orbit forns a ring, where
the last satellite is connected to the first satellite.
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Figure 2: A WAl ker Star constellation network topol ogy
3.1.2. Walker Delta

Figure 3 is an illustration of a Wal ker Delta constellation with only
two orbits due to graphical constraints. The orbits of a Wl ker
Delta constellation often have an inclination ranging from45 to 65
degrees with respect to the equator plane. Conbined with the
altitude, the inclination directly limts the |atitude coverage of a
constellation, while Wal ker Star constell ations have a conpl ete

| atitude coverage

G ven that the orbits are distributed around the entire equator

pl ane, there is no seameffect as in the Wal ker Star pattern

I nstead, each orbit progresses in the same direction and cross paths
twice with every other orbit. In this case, satellites can establish
links with nei ghbouring orbits in addition to links within the sane
orbit.

Figure 3: A Walker Delta constellation

Figure 4 illustrates a part of a possible network topol ogy for \al ker
Delta constellations, with four orbital plane depicted vertically,
each containing three satellites. Links are established in-plane and
cross-plane, i.e., fromone orbit to the other.
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Figure 4: A WAl ker Delta constellation network topol ogy
4. Constellation code

Figure 5 defines the constellation code using an ABNF granmar
[ RFC5234]. The code can define a constellation with multiple shells.
Each shell can follow a Wal ker Star or Wal ker Delta pattern

The code only considers circular orbits but future versions of this
docunent could extend it to include the apogee, perigee and argunent
of the periapsis such that any elliptical orbit can be defined.

constellation = shell [ "+" constellation ]
shell = wal ker ":" altitude i nclination
shell =/ [ ":" mean-anomaly ]

wal ker = "D' [/ "S"

altitude = fl oat

inclination = fl oat

pl ane-parans = no-sats "/" no-planes "/" phasing-factor

pl ane- par ans

no-sats = int
no-pl anes = int
phasi ng-factor = int

mean- anonmaly = fl oat

int = 1*DIGT
float = 1*DIGAT [ "." 1I*DIGT ]
DAT = %30-39

Figure 5: ABNF Grammar for the constellation code
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In addition to the grammar presented above defining the syntax of the
code, a number of requirenments on the senmantics of the code are
listed bel ow.

* The altitude is expressed in kilonetres with reference to the
Earth’'s surface.

* The inclination is expressed in degrees and MJUST be within the
range of [0, 90] degrees.

* The nunber of satellites nmust be evenly divisible by the nunber of
pl anes.

* The phasing factor must be within [0, no-planes|

* The mean anomaly is expressed in degrees and MUST be within the
range of [0, 360] degrees. It is optional and represents the
current orbital position of the constellation. Wen absent it is
consi dered equal to zero

5. Exanpl es of constellations codes

Thi s section provides sone exanpl es of how the constellation code can
be used to define existing satellite constellations sourced from
public information. |In sone cases, when the phasing factor is not
known, it is speculative.

| Iridium]| Walker Star, 780 km S: 780: 86. 4: 66/ 6/ 1 |

| altitude, 86.4J& inclination, | |
| 66 satellites, 6 planes | |

R o e e e e e e e e e o e e e e e e oo +
| OneWeb | Walker Star, 1 200 km | S:1200:87.9:672/12/ 11

| | altitude, 87.9J@ inclination, | |
| | 672 satellites, 12 planes | |

B o e e e e e e e e m e e Tt +
| GPS | walker Delta, 20 180 km 55J/& | D:20180:55:24/6/1 |
| | inclination, 24 satellites, | |

| | 6 planes | |

R e oo +

Table 1: Exanpl es of constellation codes
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Consi derations for future versions of this docunent

The code presented in this document does not consider yet the link
configuration within a constellation. For instance, in the case of a
Wal ker Delta constellation, satellites may only be able to establish
three O SLs, e.g., two in-plane links and a single cross-plane |ink
Instead, it is assumed that the network topology is fully nmeshed as
illustrated in Figure 2 and Figure 4. Future versions of this
docunent shoul d consider nmeans to indicate how |links are established
within a constellation, for instance using adjacency matrices.

Security Considerations

As the code specified in this docunent is foreseed as a user input
into software that perforns sinulations, evaluations and anal ysis of
satellite constellations, inplenenters SHOULD consi der validation and
sani tisation neasures.

I ANA Consi derations
Thi s docunment has no | ANA acti ons.
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