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Implementation Elements

• Parcel framing in ION-DTN LTP convergence layer (ion-open-source-4.1.0)

• Parcel extensions for (UDP_SEGMENT; UDP_GRO) socket API (linux-5.10.67)

• Linux kernel UDP/IPv4 parcel support, with “IPv4 Jumbo Payload” option

• IPv6 fragmentation in ip6_tunnel.c  RFC2473 surrogate OMNI interface

• SO_NO_CHECK for LTP/kernel parcel segment checksum selection (Rx/Tx)

• New skb_checksum_parcel() for kernel parcel segment checksums



Modules Updated

Linux kernel: ION-DTN:
./net/core/dev.c ./ltp/udp/libudplsa.c
./net/core/skbuff.c ./ltp/udp/udplsa.h
./net/core/sock.c ./ltp/udp/udplsi.c
./net/ipv4/ip_input.c ./ltp/udp/udplso.c
./net/ipv4/ip_options.c ./ltp/library/ltpP.h
./net/ipv4/ip_output.c
./net/ipv4/udp.c
./net/ipv6/ip6_tunnel.c
./net/ipv6/udp.c
./include/linux/udp.h
./include/linux/skbuff.h
./include/net/udp.h
./include/net/ipv6.h
./include/net/inet_sock.h
./include/net/ip.h
./include/uapi/linux/ip.h



OMNI Interface

• RFC2473 IPv6 encapsulation/fragmentation (Adaptation Layer)

• Configured over 10Gbps P2P Ethernet (1500 MTU)

Large Maximum Transmission Unit 
(MTU = ((64KB-1) - 128))

IPv4 in IPv6
Encapsulation

Large data received for small
# of packets (58KB/pkt average)



UDP/IPv4 Parcel

• Produced by LTP/UDP source; captured at destination OMNI interface

• Transparent IPv6 fragmentation over underlying 10Gbps Ethernet

• 64052-octet UDP/IPv4 parcel with 16 (3999-octet) segments:

IP version 4 with
28 octet header

IPv4 Length = first
segment length only

IPv4 Jumbo Payload option:
Type = 0x0b (RFC1063); Len = 0x06; NSegs = 0x10;
Jumbo Payload Len = 0x00fa34; padding = 0x0000 

UDP Length = 0

UDP checksum
(header only)

Integrity block w/16
2-octet checksums
(one per segment) 



Parcel (continued)

Parcel Headers

Start first segment



Parcel (continued)

End first segment

Start second segment



Parcel (continued)

Later segment break



Parcel (continued)

end of parcel (~4000 lines of text)



Single-segment Performance

• 1280:   609Mbps

• 1460:   684Mbps

• 2000:   775Mbps

• 4000: 1450Mbps

• 8000: 2335Mbps

• 9000: 2537Mbps

• 10000: 2664Mbps

• 12000: 3042Mbps

• 14000: 3288Mbps

• 18000: 3668Mbps

• 24000: 4130Mbps

• 28000: 4268Mbps

• 30000: 4359Mbps

• 32000: 4616Mbps

Simple UDP/IPv4 Packets Over Native
Ethernet Interface (1500 MTU)

UDP/IPv4 Parcels Over OMNI
Interface ((64KB-1)-128 MTU)

758% increase from 1280 octets to 32000 octets
596% increase from 2000 octets to 32000 octets

 Proof that increasing segment size multiplies
 performance even with IPv6 fragmentation



Multi-segment Performance

• 1 Segment: 2000:   775Mbps / 4000: 1450Mbps

• 4 Segment: 2000:   965Mbps / 4000: 1636Mbps

• 6 Segment: 2000: 1029Mbps / 4000: 1730Mbps

• 8 Segment: 2000: 1037Mbps / 4000: 1810Mbps

• 10 Segment: 2000: 1078Mbps / 4000: 1754Mbps

• 12 Segment: 2000: 1095Mbps / 4000: 1812Mbps

• 16 Segment: 2000: 1072Mbps / 4000: 1862Mbps

• 20 Segment: 2000: 1076Mbps

• 24 Segment: 2000: 1078Mbps

• 28 Segment: 2000: 1108Mbps

• 30 Segment: 2000: 1144Mbps

• 32 Segment: 2000: 1137Mbps

28% increase for 16 segments @ 4000 octets
38% increase for 16 segments @ 2000 octets
47% increase for 32 segments @ 2000 octets



Next Steps

• Improve ION-DTN parcel integration robustness

• Support full (64KB-1) OMNI interface MTU

• System call; kernel segmentation support for large parcels (64KB+)

• Kernel UDP/IPv6 parcel support with “IPv6 Jumbo Payload” option

• Path qualification for parcels/jumbos over 64KB+ MTU links

• TCP/IP parcels and performance analysis



Backups



Github

https://github.com/fltemplin/ip-parcels

https://github.com/fltemplin/ip-parcels


Drafts

IP Parcels

OMNI

AERO

ATN/BGP

https://datatracker.ietf.org/doc/draft-templin-intarea-parcels/
https://datatracker.ietf.org/doc/draft-templin-intarea-omni/
https://datatracker.ietf.org/doc/draft-templin-intarea-aero/
https://datatracker.ietf.org/doc/draft-ietf-rtgwg-atn-bgp/

