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- Introduction

- Header compression/ decompression model
- Basic concepts of TAROC

- Details of TAROC

+ robustness of TAROC (window-based LSB encoding)
+ efficiency of TAROC (TCP congestion window tracking)

+ behaviors in compressor and decompressor

- Compression performance analysis
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Introduction

- Related works
+ RFC 1144 (VJHC)
delta coding 1s not robust against error
needs TIME-OUT to get re-synchronization
+ RFC 2507 (IPHC)
twice: rely on the fixed delta
< not suited with Timestamp and SACK options
< not suited with burst loss that may happen before decompressor

header request: feedback channel 1s needed, not efficient with long
RTT channel
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Compression/decompression model of TAROC

simplex sesal link (1/2 of real, full duplex link)

Link Output Link Input

TCP/IP TCP/IP
packet -> _> packet

connection contexts connection contexts

feedback channel (optional)

- Key 1deas of TAROC

Window-based LSB encoding

Slow-start, Congestion-avoidance

TCP-congestion window tracking {

Fast-retransmission, Fast-recovery
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Basic concepts of TAROC (1)

'ivillc]'(g}:wﬁ?' 5
Joacoaavei
—i— = L=

TAROC: TCP-Aware RObust header Compression

Compressor starts from lower compression state and
progressively transitions to higher compression state

Compressor states:
+ IR (Initialization & Recovery):

compressor sends full headers with certain pattern to ensure the
consistency of the connection context on both side

CO (COmpression)
Out of Sync

higher compression state @ @
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Basic concepts of TAROC (2)
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Higher compression ratio can be achieved only if the
compressor has enough confidence that the
decompressor has correctly received the info

Confidence 1s not obtained by acknowledgments from
the decompressor

Rather, 1t 1s obtained from the TCP congestion control
window
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Window-based LSB encoding (1)
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Compressor maintains values of previous packets in window
VSw

Compressor sends k least significant bits of original value

+ k 1s smallest value to ensure correct decompression
+ k is determined by the length of VSW

Robustness against errors

+ compressor chooses & so that no matter what value in VSW 1s chosen as
reference by the decompressor, decompression is correct

The length of VSW can be shrunk

+ once compressor knows that at least one packet in VSW was received

+ no feedback channel: the length of V'SW can be controlled by TCP
congestion window size
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Window-based LSB encoding (2)
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- Reference packet selection in decompressor

+ reference may be the one which 1s the last received non-
retransmitted value, or

+ uncompressed value that passes the TCP checksum successfully

- Whether a compressed or uncompressed value 1s sent,
this value should be added into VSW

- Applicable fields
+ TCP Sequence Number/ Acknowledge Number / Window
+ [P Packet ID
+ TCP Timestamp option
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Tracking-based TCP congestion
window estimation (1)
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Reconstruct the congestion control behavior of TCP sender at
the compressor

Adjust congestion window size in each state based on seqno
+ Slow-Start (SS)

—new ordered segment: cwnd += d, if cwnd>ssthresh = CA

. Congestion-
. . 7$$Q& Avoidance
— retransmission segment: set cwnd and ssthresh =» FR Q«@

— out-of-order segment: ignore it

+ Congestion-Avoidance (CA)

—new ordered segment: cwnd += d*MSS/cwnd

loss recovery
packet loss

— out-of-order segment: ignore it
— retransmission segment: set cwnd and ssthresh =» FR

+ Fast-Recovery (FR) Pck, W Fast-

Recovery
—new segment indicating recovery of loss = CA
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Tracking-based TCP congestion
e T window estimation (2)
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-~ Adjust congestion window size in each state based on ackno
+ Slow-Start (SS)
—new ordered ack: ndupacks = 0, cwnd += d, if cwnd>ssthresh = CA
— duplicate ack: ndupacks ++,

if ndupacks = 3, set cwnd and ssthresh =» FR
— otherwise, ndupacks = 0

+ Congestion-Avoidance (CA) N Cmmosone

Avoidance
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— new ordered ack: ndupacks = 0, cwnd += d*MSS/cwnd
— duplicate ack: ndupacks ++,
if ndupacks = 3, set cwnd and ssthresh =» FR
— otherwise, ndupacks = 0
+ Fast-Recovery (FR)
—new segment indicates recovery of loss: Re‘i‘:‘)svt;ry
ndupacks = 0 = CA
— otherwise, ndupacks = 0
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Compressor behavior

- Initialization & Recovery (IR) State

+ two types of packets in this state
full header packet + compressed packet

+ send full header packet 1f

it satisfies slow-start pattern or it is a retransmitted packet in VSW
+ add packet into VSW
+ tracking congestion window
+ adjust the length of VSW if possible
VSW| < K x MAX (MAX (cwnd _seq,2 % ssthresh _ seq), MAX (cwnd _ ack,2 % ssthresh _ack))
F PERIOD (2" =cwnd)
(1+20+14214+142%+,  +1+2™1=2"+n-1)>cwnd
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Compressor behavior

* COmpression (CO) state
+ only compressed packet in this state
+ compress packet
+ add packet into VSW
+ tracking congestion window
+ adjust the length of VSW if possible

‘VSW‘ < KX MAX (MAX (cwnd _seq,2 X ssthresh _seq),
MAX (cwnd _ack,2 X ssthresh _ack))
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Decompressor behavior
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Reference packet selection in decompressor

+ reference may be the one that is the last received non-
retransmitted value, or

uncompressed value that passes the TCP checksum
successfully

Decompressed value determination

+ de-compressor chooses the one, which 1s closest to
reference and whose k& LSBs equal the compressed value
that has been received
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Compressed TCP/IP header structure
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Byte + Almost the same as the one

Connection Number 1n IPHC excep‘[ f()r

Qi  ComoctionNumber
: En.n.... + Window,  Acknowledgement

TCP checksum Number, Sequence Number, IP-

ID and Options fields
RANDOM Fields, if any (implied)

(if R=1)
(if U=1) + Window,  Acknowledgement

Number, Sequence Number and

(ifWZI or IP-ID
A=1 or S=1

or I=1) + TS value, TS echo reply in TCP
(if O=1) Timestamp option

+ W-LSB encoding applied to

TCP Data - Delta coding applied to

Mandatory / Optional + SACK option
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WASI field
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length of
WASI
(bits)

2~5

3~7

4~9
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Options field (Timestamp and SACK)
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e i n TS value E TS value
L _
B ERE
TS Value
|

TS ECHO

SACKJ[SA
SA: 00 no SACK option )/ 1 SACK block

Other Options 10 2 SACK blocks 7/ 3 SACK blocks
Offset

Size
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Performance analysis
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sender base station receiver

100ms length = 6

- Simulation topology

+ Tested header compression schemes
—no header compression (None) — RFC 1144 (VJHC)
— RFC 2507 (IPHC) — our scheme (TAROC)

—no error happens and has minimal header size (4) (Ideal)
- Bit error rate in wireless channel (10 to 10-)
- Bandwidth in wireless channel (9.6Kbps to 384Kbps)

+ TCP versions: Tahoe, Reno, Sack
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Performance comparison: 9.6kb/s for Sack
VICroSofts
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Performance

Throughput (Byte/s)

Improvement Percentage (%)

Throughput (Byte/s)

Improvement Percentage (%)

Throughput (Byte/s)

Improvement Percentage (%)

Throughput (Byte/s)

Improvement Percentage (%)

Throughput (Byte/s)

Improvement Percentage (%)

Throughput (Byte/s)

Improvement Percentage (%)
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Performance comparison: 64kb/s for Reno
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Performance

Throughput (Byte/s)

Improvement Percentage (%)

Throughput (Byte/s)

Improvement Percentage (%)
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Throughput (Byte/s)

Improvement Percentage (%)

Throughput (Byte/s)
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draft-ietf-rohc-tcp-taroc-00.txt Dec 2000, 49" IETF



Performance comparison: 114kb/s for Sack
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Performance

Throughput (Byte/s)

Improvement Percentage (%)

Throughput (Byte/s)

Improvement Percentage (%)

Throughput (Byte/s)

Improvement Percentage (%)

Throughput (Byte/s)

Improvement Percentage (%)

Throughput (Byte/s)

Improvement Percentage (%)

Throughput (Byte/s)
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Performance comparison: 384kb/s for Tahoe
VICroSofts
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Performance

Throughput (Byte/s)

Improvement Percentage (%)

Throughput (Byte/s)

Improvement Percentage (%)

Throughput (Byte/s)

Improvement Percentage (%)

Throughput (Byte/s)

Improvement Percentage (%)

Throughput (Byte/s)
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Performance comparison: 9.6kb/s for Sack
MICrOSOfl
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Performance comparison: 64kb/s for Tahoe
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Performance comparison: 114kb/s for Reno
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TAROC
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Accuracy of congestion window tracking
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Accuracy of congestion window tracking
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Conclusions
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+ Robustness to

+ packet loss and misordering before the compressor

+ packet loss between compressor and decompressor

+ Resilient to handover

+ seamlessly run across compressor/decompressor entity relocation

- Accurate TCP congestion window tracking

- High compression efficiency

+ average overhead at or slightly above 6 byte per packet, across a wide
range of error rates

« Sufficient simulations demonstrate eftfective of TAROC
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Thanks for your attention!
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