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Abst ract

Thi s docunent exani nes the advantages, challenges, and current
research on | P-based satellite routing, and provi des sone
consi derati ons.

Status of This Meno

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

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute
wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunments valid for a maxi num of six nonths
and nmay 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 3 Septenber 2026
Copyri ght Notice

Copyright (c) 2026 | 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 Lega
Provisions Relating to | ETF Docunments (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these documents carefully, as they describe your rights
and restrictions with respect to this docunent. Code Conponents
extracted fromthis docunment nust include Revised BSD License text as
described in Section 4.e of the Trust Legal Provisions and are

provi ded wi thout warranty as described in the Revised BSD License.
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1. Introduction

Wth the continuous evolution of the network, satellite network has
gradual |y becone a research hotspot. There were three use cases had
been defined in the TVR s use case docunment [I-D.ietf-tvr-use-cases].
One of themis dynamic reachability; some exanples of this use case
are nobile satellites, predictable noving vessels and so on.

Satellite network and terrestrial network use different physical and
link |ayer protocols, making it difficult to achi eve convergence at
the bottomlayer. This problemcan be solved at the network | ayer

On the one hand, TCP/IP is a sinple and open protocol, which can help
break the boundaries between het erogeneous networks to realize gl oba
i nterconnection. On the other hand, the business is basically based
on I P, and the devel opnent of |P-based space network can help realize
the business integration and col | aborati on between heaven and earth
and the integration and sharing of network resources, thus reducing
the cost of network construction and operation and mai nt enance, and
not only realizing the integration of heaven and earth in a nore
efficient way, but also better neeting the needs of persona
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3.

3.

3.

communi cati on and i nformati on access, and inproving the user
experience. The devel opnent of |P-based space network can not only
realize the integration of air and sky nore efficiently, but also
better satisfy the needs of personal conmunication and infornmation
acquisition, and inprove the user experience and satisfaction

Al t hough the TCP/I P protocol architecture is very nmature for
terrestrial networks, there are still many challenges in applying it
to the satellite network.

Thi s docunent nakes sone considerations on using IP for the satellite
routing.

Conventi ons

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

Advant ages
Consi deri ng advant ages on | P-based satellite routing.
1. Standardi zed Basis for d obal Interconnection

TCP/ 1P, as the conmmon protocol stack of the Internet, naturally
supports the seam ess interconnection of satellite networks and
terrestrial IP networks. For exanple, Starlink realizes the
integration of satellite link and terrestrial backbone network
through TCP/I P protocol, and user ternminals can directly use standard
| P addresses to access Internet services. This standardization

| owers the technical threshold for the integration of heaven and
earth networks, making satellite communications an effective

suppl enent to terrestrial networks, which is especially valuable in
renote areas or enmergency conmuni cati on scenari os

2. Mature Congestion Control System

Mechani sns such as slow start and congesti on avoi dance of the TCP
protocol provide basic congestion managenent capabilities for
satellite networks. Although the high latency of satellite |inks can
dimnish their effectiveness, the speed of response to bandw dth
changes can be optim zed t hrough inproved algorithnms such as TCP

West wood. For exanple, in LEO satellite networks, TCP CUBIC can

mai ntain high link utilization during bandwi dth fluctuations by
dynani cal | y adjusting the wi ndow growh rate.
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3.3. Hardware and Software Ecol ogical Conpatibility

Satellite conmmuni cati on equi pment can directly reuse mature
technol ogi es of terrestrial networks, such as |P-based routers and
switches. This not only reduces R& costs, but also facilitates the
i ntroduction of energing technol ogi es such as edge conputing and
network function virtualization (NFV). For exanple, on-board nodes
can deploy intelligent routing functions to optim ze transm ssion
efficiency by adjusting TCP paraneters in real tine.

4. Chal |l enges
Consi deri ng chal l enges on | P-based satellite routing.
4.1. Hi gh Latency Leads to Reduced Protocol Efficiency

The round-trip | atency of geosynchronous orbit (GEO) satellites is
about 560ns, while low orbit (LEO satellites reduce the latency to
30-80ns, but it is still nuch higher than the terrestrial network.
the acknow edgenment mechani sm of the TCP protocol significantly
reduces the throughput in this environnent, for exanple, the
efficiency of the TCP basic node transn ssion may be | ess than 25%in
GEO satellites. In addition, delay jitter (e.g., an average of 6.7ns
RTT fluctuation in Starlink) further interferes with the
stabilization of the congestion w ndow.

4.2. BER and Congestion M sclassification Problem

Satellite channel BERs (Bit Error Rate) are typically 10-% % -10-% %, nuch
hi gher than terrestrial wi red networks. The TCP protocol can m stake

packet | oss due to random BERs for congestion, triggering unwanted

wi ndow shrinkage. For exanple, during inclenment weather, such as

rain failure, the BER of a satellite |link can spi ke, causing TCP

t hroughput to drop by nore than 50 percent.

4.3. Adaptation Challenges for Dynam c Topol ogi es

Satellite network topol ogy changes periodically due to orbita

motion, with LEO satellites switching service satellites every 15
seconds or so, resulting in link interruptions or sudden changes in
bandwi dth. Traditional TCP/IP routing protocols (e.g., OSPF) can
hardl y adapt to such changes quickly, which nay cause path
oscillation or data loss. |In addition, the establishment and
disruption of inter-satellite links can | ead to network segmentation,
whi ch increases the conmplexity of route recal cul ation
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Chal | enges in Energy Consunption Managenment Due to Dynami ¢ Changes
i n Network Topol ogy

In satellite networks, the novenent of satellites causes dynanic
changes in the network topology. This necessitates frequent routing
cal cul ations and updates by routing protocols to adapt to these
changes. For instance, in lowEarth orbit satellite networks, the
rapid nmovenent of satellites may | ead to frequent updates of routing
tabl es. Each update consunes energy, including onboard processing
power and commruni cation energy, thereby increasing the conplexity of
overal | energy managenent.

Current Research
Research status on | P-based satellite routing.
I S-1S and OSPF Extensi ons

The | GP extensions for predictable and schedul ed changes of TVR has

been defined in [I-D.zw1|sr-tvr-extensions]. This docunment defines

the a set of extensions to IS-1S, OSPFv2 and OSPFv3 for predictable

and schedul ed changes of TVR  These extensions can be advertised by
the node self which has predictable and schedul ed changes, or by the
node whi ch connected or adjacenct to the node which has predictable

and schedul ed changes.

LISP for Satellite Networks

The docunent [I-D.farinacci-lisp-satellite-network] gives the
adaptation of LISP in satellite networks. It describes how a LISP
overlay structure can run on top of a satellite network underl ay.
This satellite depl oyment use-case (described in this docunent)
requires no changes to the LISP architecture or standard protoco
specifications. 1In addition, any LISP inplenentations that run on a
device with an existing satellite interface does not need to be

upgr aded.

New Net wor k Header for DR- SDSN

The docunent [DR-SDSN] define a new 8 B network header for DR

SDSN( Sof t war e- defined satellite networking) to further decrease

over heads i n packet encapsul ations, where 16-bit addresses are used
instead of 32-bit I1Pv4 and 128- bit | Pv6 addresses. the prinmary two
motivations are as follows. First, considering the Iimted nunber of
satellites in the constellation, it is sufficient to adopt 16-bit
Locs for node addressing, and shorter identifiers as the source and
destination address can significantly decrease header overheads for
encapsul ati ons. Then, to distinguish different consuners and
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traffic, user priority and type of service should be indicated in the
header so that forwardi ng nodes can determ ne the user privilege in
resource allocation and requirenent preference for flow steering.

6. Consideration
Consi dering requirenments for on | P-based satellite routing.
6.1. Support Dynam c Routing

Net wor ki ng using | P provides superior flexibility, enhanced
scalability, and support for dynam c routing and nobil e access, anong
other things. However, the topology of satellite networks containing
ti me-varying characteristics changes frequently, and traditiona
static routing techni ques cannot neet the demand. Therefore, dynamc
routing, such as OSPF, is needed to adapt to the dynam c changes in
networ k topol ogy. Therefore,

0 MUST provide a discovery and resol ving net hodol ogy for the dynanic
routing.

6.2. Support Quality of Service (QS) Guarantee
Satellite network may need to support nultiple service types, such as
voi ce, video, data, etc., which have different requirements for QoS.
Therefore, it is necessary to design effective QS guarantee
mechani sms, such as differential service (D ffServ), integrated
service (IntServ), etc., to neet the needs of different services.
Ther ef ore,

0 MJST support Quality of Service (QS) guarantee for the needs of
di fferent services.

6.3. Support Heterogeneous Network I nterconnectioncation
Since a satellite network may be conposed of several different
het er ogeneous networks, it is necessary to address the need for
mul ti pl e het erogeneous network connections. Therefore,
0 MJST Support het erogeneous network interconnectioncation

7. Concl usion

Thi s docunent makes sone consi derations on | P-based satellite
routing.
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8. Security Considerations
TBD.

9. | ANA Consi derations
TBD.
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