2011E 128 StEQIEUHESMES =2X| M1 M6z

=2 2011-6—-11
JEAZ $749) W=a 2elAe] TCP AEAA HHe

TCP Performance Improvement in Network Coding over Multipath
Environments

N A
Uz

Chansook Lim

2 o JENZ TYelHl TCP HEEAS shAsky] U Ak g 2 el WaelAE vEYD 3y
Aol SAIARImovative) A% A A1 A TR # g%l glot steehe Sele muich of WAl
ule EAolAut Al THY wel R SE 2719 Atow s 2Y UEe 271F Ageor sz )
70 oA HhE ol ol WANE W Aol AshE 4 itk B ATAE UEA T BHeIME T &4 vt
B @A BeiE BAE O] ElAE FE5S A8 9 etolmje] ojEsh TCP7H Waghe Fgsich
T olold TCPE 9% ARe UEYT ZPAZS AwTh BN Ans F Ao ARE AESHE 2ed

oA SiZl Al7E v o] Al sidel met o) 19% 714 el AAdES HoAET

Abstract In one of the most impacting schemes proposed to address the TCP throughput problem over network
coding, the network coding layer sends an acknowledgement if an innovative linear combination is received,
even when a new packet is not decoded. Although this scheme is very effective, its implementation requires a
limit on the coding window size. This limitation causes low TCP throughput in the presence of packet
reordering. We argue that a TCP variant detecting a packet loss relying only on timers is effective in dealing
with the packet reordering problem in network coding environments as well. Also we propose a new network
coding layer to support such a TCP variant. Simulation results for a 2-path environment show that our proposed
scheme improves TCP throughput by 19%.
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Table 1. Algorithm for the network coding layer

at the sender. In the proposed algorithm,
the underlined part for retransmission
has been added to the existing algorithm.

SAUE HEY= 3 AS

1. Set NUM to O,
2. Packet arrives from TCP sender:
a) If packet is not already in the coding

window, add it to the coding window,
b) Set NUM = NUM + R (R=redundancy
factor)
c) Repeat the following LVUM] times:
i) Generate a random linear combination
of the packets in the coding window,
ii) Add the network coding header
specifying the set of packets in the
coding window and the coefficients
used for the random linear combination,
iii) Deliver the packet to the IP layer,
d) Set NUM := fractional part of NUM,

3. ACK arrives from receiver: Remove the
ACKed packet from the coding buffer and
hand over the ACK to the TCP sender,
a) If one of the following cases holds,

retransmission is performed
i) the ACKs with the same oldest
decoded number are received more
than 30 times,
ii) the highest ACK number minus the
oldest decoded number (notified by
the receiver) is greater than 50,
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Table 2. Algorithm for the network coding layer
at the receiver. In the proposed alg
orithm, the underlined d') substitutes
for d) from the existing algorithm.
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1. ACK arrives from TCP sink: If the ACK is a
control packet for connection management,
deliver it to the IP layer and return to the
wait state; else, ignore the ACK,

2. Packet arrives from source side:

a) Remove the network coding header

and retrieve the coding vector,

b) Add the coding vector as a new row to
the existing coding coefficient matrix,
and perform Gaussian elimination to
update the set of seen packets,

Add the payload to the decoding buffer,
Perform the operations correspo nding
to the Gaussian elimination, on the
buffer contents. If any packet gets
decoded in the process, deliver it to
the TCP sink and remove it from the
buffer,
Generate a new TCP ACK with sequence
number equal to that of the oldest
unseen packet,
d') Generate a new TCP ACK with sequence
number equal to that of newly seen
packet,
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Fig. 1. TCP goodput comparison between TCP—Reno
over the existing network coding scheme
based on degree—-of-freedom ACK and
TCP-PR over our modified network coding
scheme
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