


(@) Starlink (b) OneWeb Fig. 2: OneWeb PoPs and SNPs (May 2025)
Fig. 1: Starlink and OneWeb satellite constellations
Emirates, Muscat in Oman, Jeddah in Saudi Arabia, Mumbai
tify connected Starlink satellites, relied on indirect inferenc@nd Chennai in India, Depok in Indonesia, Tokyo in Japan,
based on obstruction maps and satellite ephemerides, as!@@nbul in Turkey, and Singapore. Finally, there are 2 PoPs
Starlink UT does not expose connected satellite IDs or othgrOceania, namely Perth and Sydney in Australia.
Signa] metrics. Moreover, identifying |anding ground stations Since the current OneWeb Phase 1 satellites do not utilize
is signi cantly more dif cult in Starlink due to its large ISLs [18], [21], the strategic positioning of SNPs worldwide is
number of ground stations and the existence of ISLs. crucial to achieve optimal coverage. Additionally, there are two
Telemetry, Tracking and Command (TT&C) stations, located

I1l. OVERVIEW OF THE ONEWEB SATELLITE NETWORK  in |nuvik, Northwest Territories, Canada and Longyearbyen,

As the second largest commercial LEO satellite constell@valbard, Norway [24], which provide communications dur-
tion in operation, OneWeb differs signi cantly from Starlinking pre-launch, orbit transfer and on-station operations for
in several key aspects. Figure 1 provides a simulated illust@neWeb satellites, as well as during spacecraft emergencies.
tion of both the Starlink and OneWeb satellite constellatio®oth TT&C stations also operate as SNPs. Among the existing
with the MATLAB Satellite Communication Toolbox. As of 40 SNPs, the majority are strategically colocated near OneWeb
May 2025, Starlink has over 7,000 operational satellites PoPs or at major satellite teleport sites close to submarine
various orbital shells with different inclinations. The majoritycable landing points. Due to the lack of ISLs, additional SNPs
of Starlink satellites are positioned in 550 km orbits witlmust be constructed to cover remote service regions, such as
a 53° inclination, resulting in less dense satellite coverage French Polynesia, Fiji, Mauritius, and Saint Helena. The
over high latitude and polar regions. In contrast, OneWeb hiégt of 40 OneWeb SNPs is included in the Appendix.
651 operational satellites in orbit, distributed across 12 near-OneWeb relies on industry partners and hardware vendors
polar orbital planes with an inclination of 87.9°. Consequentl{p design and manufacture compatible UTs for different us-
this con guration provides the densest satellite coverage &ye scenarios, such as the at panel UT (HL1120W) by
polar regions, whereas coverage becomes more sparse hkaghes [25], mobility- rst at panel UTs (Hawk and Osprey)
the equator. by Kymeta [26], dual-parabolic antenna UT (OW70L) by

As of May 2025, OneWeb has 29 PoPs and 40 SNPHtellian [27], etc. From the perspective of network traf c,
worldwide as shown in Figure 2. Note that we only considemce transmitted from the UT to a connected satellite, an SNP
OneWeb PoPs listed in the PeeringDB ASNB800 intercois selected to land the network traf c based on the satellite's
nection facilitieS. Another PoP in Almaty, Kazakhstan waseam coverage. The packets must be routed from the landing
reportedly established, but is not listed on PeeringDB. In NorSNP to the user's associated “home-PoP” via terrestrial ber
America, there are 8 PoPs, namely Ashburn, Seattle, Miarmfrastructure before they can exit to the Internet through
Los Angeles and Honolulu in the United States, Calgafipternet exchange points (IXPs). Similar to other satellite
and Toronto in Canada, and Q&taro in Mexico. In South network providers, OneWeb relies on terrestrial and submarine
America, there are 3 PoPs, including Fortaleza aad Baulo ber cable carriers for the underlying connectivity of the
in Brazil, and Santiago in Chile. There are 2 PoPs in tlground segment.
Europe, including Amsterdam in the Netherlands, and London
in the United Kingdom. In Africa, there are 5 PoPs, namely )
Accra in Ghana, Luanda in Angola, Mombasa in Kenyd\ Overview
Lagos in Nigeria, and Johannesburg in South Africa. ThereWe utilized the ARA Wireless Living Lab platform [28]
are 9 PoPs in Asia, including Dubai in the United Aralwith a OneWeb UT installed at the lowa State University

2 _ _ in Ames, lowa, USA to conduct active “inside-out” network
CO:;Z“';’ES:]'O'?I? ﬁf the SNPs are compiled from the AWS OneWeb Satellfgaasyrements. It is associated with the OneWeb PoP in

ght Dataset [24], as well as various sources from regulatofy o . .

bodies across different countries. shburn, Virginia, which is located near the east coast of

3https://www.peeringdb.com/asn/800 the USA. The OneWeb UT is the Hughes HL1120W model,
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Fig. 3: Average SINR, handover events and latency performance for the UT in the Midwestern USA
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Fig. 5: CDF of RTT and daily latency heatmap

through continuous measurements with extended duration.
In Figure 5, we illustrate the CDF and heatmap of daily
latency performance. Approximately 76% of daily latency
measurements fall within the lower range, with a minimum
RTT of 45.1 ms, while the remaining 24% exceed 100 ms.
Fig. 4: Positions of the UT, satellites, SNPs and the PoPThe daily latency heatmap, which features the minimum RTT
resampled every minute as shown in Figure 5b, reveals a
approximately 50-60 ms, using public Internet probes on tr?' n celllnt anq perlc_)dlc p?jttergl a':trl?utable to the movement
RIPE Atlas platform. Each OneWeb satellite's user beam hgssate lte trajectories and orbital planes.
limited coverage, approximately 1600 km in longitude an@. Throughput Measurement

65 km i_n latitude [23]. The satellites must switch to another \while Starlink offers priority plans for business customers
SNP if its gateway beam can no longer reach the connecigghy regular residential or roaming users, it relies on user
SNP or if it is below the SNP's minimal elevation anglecontention and does not provide a speci ¢ throughput SLA
For our OneWeb UT, when the associated SNP is switchgglits customers. In contrast, each OneWeb UT is provisioned
from the Southbury SNP to the Santa Paula SNP, user trafgin 4 speci ¢ throughput SLA, with the most common plans
must then traverse from the west coast to the Ashburn P%ﬁering either 50/10 Mbps or 100/20 Mbps for downlink and
thus signi cantly increasing the Igten_cy from around 50 M8plink, respectively. These plans may also be subject to a
to around 100 ms. As observed in Figure 3, SNP handovernthly data allowance. Our OneWeb UT at the lowa State
may occur through inter-beam handovers, evident in d'ﬁerel')hiversity is provisioned with the 100/20 Mbps throughput
beams during the third timeslot, or through inter-satellite hagy A and a monthly data allowance of 100 GB, after which
dovers, as demonstrated by the switch fre@NEWEB-0359 tne throughput is throttled to 1 Mbps, preventing us from con-
to ONEWEB-0667 Prior to the inter-satellite handover togycting prolonged and continuous throughput measurements in
ONEWEB-0667 latency briey decreased to approximatelyy meaningful way. To investigate the throughput performance
50 ms, because of the reassociation with the Southbury S§Rhe oneweb network, we utilized iPerf3 for UDP and TCP
in the east. This is likely due to the satellite trajectories aQHroughput measurement. We provisioned a virtual machine in
shifts in the relative positions of the satellites and SNPs. he Google Cloud Platform (GCRjs-east4-a  availability

The impact of SNP handover events is further illustratezbne, located in Ashburn, to host the iPerf3 server daemon.

ONEWEB-0179
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with the OneWeb Ashburn PoP. To establish the baseline ) )

for the throughput measurement, we utilize iPerf3 in UDP9- 8: TCP BBR and UDP uplink throughput during short
mode with a target bitrate of 100/20 Mbps for downliniP€riods of frequent handover events

and uplink respectively, eliminating the impact of congestion

control algorithms. To evaluate the performance of differetite generalizability of our throughput measurements while
TCP congestion control algorithms, we record the throughpadhering to our monthly data allowance, we repeat each
and TCP congestion window (cwnd) variation, and correlagession with a 60-second duration at 3-hour intervals across a
the throughput performance with antenna SINR and intere-day period. The session duration and repeat interval are
satellite handover events as shown in Figure 6. Each iPerf3 teglected as a balance between data diversity and the limited
session in Figure 6 has a duration of 10 minutes, illustratimgonthly data allowance.

the relationship between throughput performance and interFigure 7 illustrates the average throughput of UDP and TCP
satellite handover events across multiple timeslots. To enswigh different congestion control algorithms. The error bars



networks operate as isolated systems, lacking interoperability
across different vendors. While digital sovereignty and se-
cure connectivity are paramount for future constellations such
as IRIS [32], commercial constellations may benet from
collaboration among vendors and standards organizations to
develop an interoperable standard, enhancing satellite network
resilience in a manner akin to cellular networks. Lastly, given
the challenges of conducting “outside-in” measurements on
the OneWeb network, future network measurement research on
(@) CDF of RTT (b) Hourly latency heatmap  5na\neh s likely to rely on “inside-out” measurements as the
Fig. 10: CDF of RTT and hourly latency heatmap @8f-EUR most feasible approach, potentially through collaborations to
extend geo-diversity. We also encourage OneWeb customers to
with the Sweden SNP depending on the LOS of connectbast RIPE Atlas probes (currently none), enabling the research
OneWeb satellites. Notably, the SNP handover intervals fepmmunity to gain a better understanding of the network's
UT-EUR are signi cantly shorter compared to those of th@erformance.
OneWeb UT in the Midwestern USA. This difference is due
to the distinct SNP locations and satellite orbit trajectories.
For the OneWeb UT in the Midwestern USA, SNP handovers In this paper, we conducted a comprehensive measurement
primarily result from transitions between satellites in differergtudy of the OneWeb satellite network using both the “inside-
near-polar orbital planes. Conversely, fdT-EUR the SNP out” approach for controlled OneWeb UTs, as well as the
handover behaviors involve SNPs aligned in a north-soutputside-in” approach for publicly accessible UTs on the Inter-

VIl. CONCLUSION AND FUTURE WORK

direction along the near-polar orbits of each satellite. net. We provided detailed insights into the latency performance
of the OneWeb system at different geographical locations,
VI. Discussion affected by its inter-beam and inter-satellite handover events,

For the OneWeb network, the absence of ISL capabilities well as SNP handover events caused by the strategic
not only constrains the total system throughput simulated pgsitioning of OneWeb SNPs worldwide. We veri ed OneWeb
previous research [17], [18], requiring OneWeb to establigtl lIs its throughput SLA most of the time, while the exact
more SNPs to increase the coverage, particularly in remgterformance is still largely affected by different transport
regions, it also signi cantly affects the latency performanchkayer protocols and congestion control algorithms. Future work
in different geographical regions, leading to SNP handovergludes expanding the “inside-out” measurement coverage to
with substantial latency variations. For instance, a OneWeliverse geographical regions to offer deeper insights into the
UT located in Alaska at latitude 61.1°N shows a minimurSNP handover pattern and the impact of satellite density at
RTT of approximately 70 ms. There is no bimodal pattervarying latitudes. Additionally, future studies should further
because the Talkeetna (AK) SNP is the sole SNP withadompare the performance of QUIC and TCP, alongside LEO-
the LOS of the connected OneWeb satellites. In East Asmyare congestion control algorithms and explore how different
a OneWeb UT could be associated with SNPs in Thailandandover events affect DASH adaptive video streaming and
Guam or Japan, leading to increased latency variations duriegl-time applications such as WebRTC. Finally, it is of com-
handover events. Additionally, the latitude of OneWeb UTs canunity interest to compare the practical performance among
in uence the duration of inter-satellite handover intervals. Idifferent LEO satellite constellations, such as OneWeb and
high latitude regions, the handover interval may be short&tarlink, across diverse geographical regions.
and the UT might skip the immediately adjacent satellite,
switching instead to a satellite further along within the same
orbital plane. We anonymized the “outside-in” measurements by remov-

Existing LEO satellite networks still heavily depend oring the IP addresses and GPS coordinates that could otherwise
terrestrial infrastructure, particularly submarine ber cablede used to associate latency measurements with individual
In practice, despite the existence of ISLs, Starlink land$Ts. Other measurements such as the “inside-out” method-
user trafc at nearby ground stations as soon as possibt#ogy from controlled UTs do not impose ethical concerns.
using terrestrial ber networks to then route traf ¢ toward
customers' “home-PoPs” and nal destinations. Consequently,
long-haul links, such as transatlantic and transpaci c routes, This work has been partially supported by NSERC, CFI and
continue to depend heavily on submarine ber cables insteB€LKDF, and ARA is funded in part by NSF (award 2130889),
of ISLs. For LEO constellations without ISL capabilitiesNIFA (2021-67021-33775) and PAWR Industry Consortium.
such as OneWeb, the reliance on terrestrial infrastructuide would like to thank Mark for early access to OneWeb
is more pronounced, threatening network resilience if bddTs in Alaska and Reddit users for sharing insights, and we
cables are disrupted by natural disasters or man-made eveats.grateful to the anonymous reviewers and shepherd for their
Additionally, unlike cellular networks, existing LEO satellitevaluable comments.
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APPENDIX

ONEWEB SNPs (MAY 2025)

Continent Country or territory| Location
Inuvik
Canada Yellowknife
Costa Rica Canas
Mexico Toluca
North America Clewiston
Paumalu
. Santa Paula
United States Southbury
Talkeetna
Yona
Brazil Maricé}
Petrolina
South America . Arica
Chile -
Santiago
Colombia Cali
Bulgaria Stara Zagora
Greenland Nuuk
Europe Italy Palermo
Norway Svalbard
Portugal Sintra
Sweden Pitea
Angola Luanda
Ghana Accra
Africa Ma_uritius Union Valg
Saint Helena Horse Point
Senegal Sebikotane
South Africa Hartebeesthoek
. Tejpura
India Thoothukudi
Indonesia Serang
. Ibaraki
Asia Japan Yamaguchi
Kazakhstan Almaty
Saudi Arabia Tabuk
Thailand Sirindhorn
Charlton
Australia Darwin
Oceania Perth
Fiji Suva
French Polynesia | Papenoo
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