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Case of Application

e Data transmission over high delay links,
e.g. SatCom in aviation or maritime

* Goals:
— Maximize amount of received data on ground

— Evaluate system allowing reliable data
transmission

 Key performance indicators:
— Amount (hours / minutes / seconds) of
successfully received data at ground
* Challenges:
— Limited and varying transmission bandwidth
— High transmission delay and jitter
— (Correlated) packet errors
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Innovation ComNets

* Innovative distributive transmission of critical data
e Realization of an optimized system for particular use case

* Integral approach using analytical modeling, testbed emulations
and tests using a real satellite system

p? + A%Var(s)
2(1-p)

validate & refine
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System Design
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Maciej Mihleisen et al.: “Reliable Transmission of Aircraft Data over Satellite”, Proceedings of the 5th International Workshop on Aircraft System Technologies, 2015
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Delay Signal Flow Graphs (SFGs) Nets

* Systematically derive the statistical delay distribution
* Probability Generating Function (PGF) G(z)

e Slotted block transmission with delay operator z (continuously transmits
block with delay of z)

e General rules:

p;Z" (p12" +p,2°) 27

z> @ @

Pz’
pGs(z)

. 61(2)7 (;3( Tohe PG

G,(z) (1-p)G,(z)
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* Selective Repeat ARQ for a single block with delay z: 1ms
* Probability Generating Function PGF:

Pz
6@) =1 (1-p)z
* Probability Mass Function PMF, represents time domain:
PX=k=pl-p¢1(k=12.)
where p success probability

1
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SFG System Model Nets

Satellite Communication

s Error free transmission 80 ms

e z:1 msdelay

ULSlot | ULSIot | ULSlot | UL Slot

80 ms frame duration, 20 ms slot

G s 1( 7 ) = gttrans G Seg( 7 ) = ztother + ttrans G Prop( b4 ) = ztprop
eqg

)

G 1o e(z) GSat(z) =' z(n-l)tother+ n-ttrans + tprop GI ) (Z)

79

1 .
GEZE (Z, n, tslot, d) — 2 (%21) Z(n—1)80+tslot+tpropGmet(Z)

=0

Maciej Mihleisen et al.: “Reliable Transmission of Aircraft Data over Satellite”, Proceedings of the 5th International Workshop on Aircraft System Technologies, 2015
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Maciej Mihleisen et al.: “Reliable Transmission of Aircraft Data over Satellite”, Proceedings of the 5th International Workshop on Aircraft System Technologies, 2015
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Matrix Signal Flow Graphs
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Gilbert-Elliot Model for correlated errors

PGood,Bad = 1 — PGood,Good

PGood,Good PRad,Bad

PBad.Good = 1 — PBad.Bad

* Errorrate €gpoq = 0%, €44 = 100%

e Further notation:
plz

P11 P2z
P21

* Initial state is steady state ™ = (p1,1 —p) = (5555 5ms)
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SR ARQ Example with omNets
Gilbert-Elliot Error Model

Delay operator z

__ LU v—1 v v—1y—1 ) ]
G(z)=2"P" (I -2"PP"") P Round-trip time v

1 —
p—( P Pz _ P12 _ P12 - .
( Do Dos Po1 1—po Transition matrix
. 0 -
P, = P - diag{e} = _ p1.2 No success
0 1—p2

B ; T 1 —p12 0O
Po=P-diag{1—ej _( Pt u) Success

Signal Flow Graph

Kamtorn Ausavapattanakun et al., Analysis of Selective-Repeat ARQ via Matrix Signal-Flow Graphs, 2007
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: Nets
Layer-2 Selective Repeat ARQ

* Packet can get lost on the satellite link according to
chosen Gilbert-Elliot model
* Lossfree NACK: only adds delay, cannot get lost

(-:Q-m; ”f'{‘:}(:Hfuf{::I(-:P;-Up(:jpfg““ we_Slot_Prop—1 {?PJ':J;J[E}C’TNAI_’;'H [Z}P‘l

] e Queue { > jl (1 St { P j ( PP_“}?{ P j pQueue_Slot_Prop—1 j=
5 = A - G
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Introducing Segmentation comNets

e Layer-2 Selective Repeat ARQ with segmentation (GPRS [1],
UMTS, LTE, Inmarsat 14 [2], ...)

* Packets divided into segments
— n segments per packet
— Assingle segment per time slot (20ms)

* (N)ACK transmitted when all segments (whole packet)
received successfully (cumulative (N)ACK)

e (N)ACK fits into one segment

[1] G. Gehlen, B. Walke, “Transport Layer Delay Analysis in Wireless Networks using Signal Flow Graphs”, Proceedings of European Wireless 2007

[2] Maciej Miihleisen et al.: “Reliable Transmission of Aircraft Data over Satellite”, Proceedings of the 5th International Workshop on Aircraft System Technologies, 2015
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SR ARQ Layer-2 with Segmentation ComNets
and Uncorrelated Errors

* Each of the n segments can get lost on the sat link

. - eat
* Fixed, uncorrelated error probability e, = GsatNACK(Z) ]
_ ESﬂt-) n(z)
YRES>
/)
GsatNACK( n :
[ ]
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ny 2 1-—
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Maciej Mihleisen et al.: “Reliable Transmission of Aircraft Data over Satellite”, Proceedings of the 5th International Workshop on Aircraft System Technologies, 2015

04.05.2017 TUHH 16




SR ARQ Layer-2 with Segmentation ComNets
and Uncorrelated Errors - Results
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Solved in time domain (MATLAB conv and deconv functions, other methods exist)
12000 bit long packets, t ., =240ms,n=4,t. . .=20ms, e,,..=0

prop trans

Maciej Mihleisen et al.: “Reliable Transmission of Aircraft Data over Satellite”, Proceedings of the 5th International Workshop on Aircraft System Technologies, 2015
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Layer-2 ARQ with n Segments omNets
and Lossfree ACK
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Layer-2 ARQ with n Segments omNets
and Lossfree ACK
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Layer-2 ARQ with n Segments omNets
and Lossfree ACK
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Solved by taylor series expansion approximation
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Layer-2 ARQ with n Segments omNets
and Lossfree ACK
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Ongoing work: Software Defined Radio Emulator for TDMA
based Satellite Systems

— Compare testbed results with results of SFGs

— Gather experience with GNU Radio and LabVIEW Communications

p% + 2*Var(s)
2(1-p)

validate & refine
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Summary

* Delay distribution of Inmarsat streaming service was evaluated using Signal
Flow Graphs (SFGs)

Conclusion

 ARQ (Reliable UDP) can be used to achieve reliable end-to-end transmissions in
the cabin domain

Future Work
* Correlated packet errors for more segments
 Model even more protocol details, e.g., lost ACKs & timers

=» Goal: Joined structural and “functional” reliability framework
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Thank you! Questions?
www.tuhh.de/comnets
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