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Motivation
• Performance Enhancing Proxies not applicable in case ofencrypted transport layer headers (e.g., VPNs or QUIC)https://www.cs7.tf.fau.eu/research/quality-of-service/qos-research-projects/sat-internet-performance

• 5G NTN SA WG2 Meeting S2-2105611Key Issue: Discussion on connected protocols in case of GEO SAT long delayshttps://www.3gpp.org/ftp/tsg_sa/WG2_Arch/TSGS2_146E_Electronic_2021-08/Docs/S2-2105611.zip
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Outline
• Part 1• Simple black-box measurements• Varying object sizes• Real satellite operator, TCP with and without OpenVPN, quicly and picoquic
• Part 2• Simple black-box measurements• Different HTTP versions• Different real satellite operators, with and without Wireguard VPN
• Part 3• QUIC interop runner with geostationary satellite links• With and without loss, real satellite operators• Time-offset plots for detailed analysis
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Part 1Object size vs. connection setup and object download time
• Eutelsat Konnect Zen• 50 Mbit/s forward link• 5 Mbit/s return link
• TCP/TLS1.3• TCP handshake 1 RTT• TLS1.3 handshake 1 RTT
• QUIC• client/server with default settings• Handshake 1 RTT• picoquic a91130d Jan. 2021• quicly 8a1346e Jan. 2021
• OpenVPN client/server runningon hosts

415th ITG-Symposium Broadband Coverage in Germany https://ieeexplore.ieee.org/document/9399712

https://ieeexplore.ieee.org/document/9399712
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Part 2Page load time of artificial website using different HTTP versions

638th International Communications Satellite Systems Conference (ICSSC), to be published

• off-the-shelf software• Google Chrome 94.0.4606.54• OpenLiteSpeed 1.7.4 web server HTTP/1.1, HTTP/2, HTTP/3 (QUICv1)
• Artificial website based on httparchive.org statistics• 70 objects * 30 kbyte/object = 2.1 Mbyte
• Wireguard VPN client/server running on hosts
• Real satellite operators• Eutelsat Konnect Zen (50/5 Mbps)• skyDSL2+ L Premium (50/6 Mbps)• Novostream/Astra Connect L+ (20/2 Mbps)• Bigblu Konnect Bronze (16/3 Mbps)• Starlink Beta



738th International Communications Satellite Systems Conference (ICSSC), to be published

withoutVPN(with PEP)
HTTP/1.1poor
HTTP/2good
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(50/5 Mbps) (50/6 Mbps) (20/2 Mbps) (16/3 Mbps)



838th International Communications Satellite Systems Conference (ICSSC), to be published

with VPN(withoutPEP)
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Part 3QUIC interop runner with geostationary satellite links
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• QUIC interop runner https://interop.seemann.io• Interoperability testing of 14 QUIC implementations• Implementations available in Docker containers, link emulation with ns-3• Two performance-related measurements: goodput, crosstraffic• Client requests a 10 Mbyte file from the server• Goodput test: good performance for all implementations• Added satellite related scenarios• Master thesis of Sebastian Endres (thanks!)• Link emulation with ns-3• SAT with 600ms RTT, 20 Mbps forward link, 2 Mbps return link• SATLOSS with additional 1% uniform loss rate• Running tests over real satellite links• Added time-offset and other diagrams generated from pcap traces

https://interop.seemann.io
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SAT (20/2 Mbps, 600ms RTT, 1% loss)SAT (20/2 Mbps, 600ms RTT)
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• satellite interoprunner- 600ms RTT- 20/2 Mbit/s- no loss• slow start-up• varying outcomes
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• satellite interoprunner- 600ms RTT- 20/2 Mbit/s- no loss• manyretransmissions(orange points)• non-sequentialoffset numbers?(parallel lines)
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• satellite interoprunner- 600ms RTT- 20/2 Mbit/s- 1% loss• good performance(unlike otherimplementations in theSATLOSS scenario)
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• satellite interoprunner- 600ms RTT- 20/2 Mbit/s- 1% loss• very poorperformance



Part 3QUIC interop runner with geostationary satellite links
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• Preliminary results• Broad testing of many QUIC implementations• Work in progress• Some combinations fail due to timeouts or other reasons• Performance depends on client and server implementation• QUIC implementations are work in progress, too• maybe not all implementations strive for high-performance bulk data transferand/or may only be used as proof of concept?• Time-offset plots• not always available due to faulty pcap traces• provide some insights into the behavior of the implementations• Will announce updates on EToSat mailing list
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