Improving TCP/IP Performance
over Third Generation Wireless

Networks:

M C Chaniand Ramehandran Ramjee
Bell [Lalbs, [Lucent Technologies

Student Name
Yatin Manjrekar



e Introduction

e Windows Regulator

e Performance of long-lived TCP flows
e Short-flow differentiation

e Conclusion



Introduction

2G wireless 2.5G wireless |3G wireless
Phone calls Phone /fax Phone/fax
Voice mail Voice mail Global roaming

Simple emails

Large emails
Web browse
Navigation

New updates

Large emails
High speed web
Video-conferencing

Speed: 10 kb/sec

Speed 64-144 Kb/sec

Speed:144 kb-2mb/sec

Download 3 min mp3
31-41 min

Download 3 min mp3
6-9 min

Download 3 min mp3
11 sec-1.5 min




Introduction cont.

e TCP is most widely used

e Windows regulator that Maximizes
throughput for all buffer sizes
(important metric for long flows)

e Scheduling algorithm to reduce
transfer latency for short flow

e Exploiting user diversity Is Important



Simplified 3G network
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Figure 1: 3G network architecture

A simplified architecture of a 3G wireless network is shown




Ack Regulator

g\

TWiraless

ﬂ-lﬂ.rl:ﬂ.ﬂlh. "

- Nenanork
1_.I-uru-Iim
\g =

Aok Chasue
Per-Flow Data and Ack ueue on =00
Datafs=gclast (DL]: Largest 3equemncses F of Last Data Facket Received

Dixiade=qgo=irs? (IOF1: Larges? Seaquences & of Last Cata PFacke=t Z=nk
SokEegMolLast (AL Largest Eeguence 8 of Lasl Ack Facket Recshved

SokfegioFirst (AF: Largest S=gus=nce 2 of Last Sck Facket S=nt

Figure G: Ack Regulator Implementation

each time an ack is sent back towards the TCPF source,
there is buffer space for at least two data packets from

the source.




Windews Regulator

Fig. 2. Simple model of the wireless network




Windoews Regulator-static (WRS)

On Enque of each Ack
st W™ =B
transmit the Ack to the source

Fig. 3. Window Regulator-Static




Windows RegulatorDynamic(WRD)

On Deque of each Data packet
V=Y +1
On Enque of each Ack

Y =% —1
set W'=Y + B
transmit the Ack to the source

Fig. 4. Window Regulator-Dyvnamic




\Winaows Regulator with ack
Buffer(WRB)

O Dreque of each Dhata packet
Y =%¥Y 4+ 1
if there i= an Ack sored in the ack buffer, then
M =% + B + &,
tran=mit Ack to the source
endif
O Engue of each Ack, set
Y =% —1

W =¥ + B + B,

if fnew Ack ANLD (V7 = last transmitted value of T 7))
store Ack in the Ack Buffer
2, =8, +1

transmmit Ack o the source
erdif

Window Regulator with ack Bulfenngs




Performance of Long lived TCP
flow: (ns-2 simulation; setup)
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Throughput vs. buffer size(single
USEr)
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Throughput vs. Buffers Multiple
USErs
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Throughput vs. Wired Latency
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Throeughput Vs Loss
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Comparison Summary

e DT and WRS cannot adapt to the large rate
and delay variation in wireless channel

e AR adapts well to the large variations but
does not perform well with latency as
estimation errors cause throughput
degrade

e WRD performs well against latency but
poorly against congestion loss

e WRB is best and robust against latency
and packet loss




Short flow: differentiation

Per-User
LIneng

Fer-Flow (fene

Fig. 11, Quetng Structure of Scheduler

Per-flow queue.

Per-user queue

Simple flow differentiation without
Exploiting user diversity does not

Improve short flow latency and
throughput




Scheduling

Intra-user scheduling

SFP : short flow priority algorithm
Short flow/Long flow based on length
Reclassification short-long-short

®
D

D

D

Inter-user scheduling
~. Priority Fair queuing
~-SP: priority fair with Strict Priority

~-RP: priority fair with Rate priority



PE scheduler

e Each user reports measured channel
conditions to the PF scheduler (RNC)

e User with best channel is selected to
transmit in different time slot, better
than round robin but unfair

e PF weight the current rate achievable
by average rate received by user and
select user (i) with max RI/AI



PE-SP: Scheduler

Let set of short flow user be 5
Let set of long flow user be |
if 5 is non empty
select the user 2 with the largest A,

else if L is non empty
select the user 2 with the largest %l

Update 4; for all users

Fig. 12 The PE-SP Algorithm



PE-RP scheduler

Run the PF and let user 7 be selected Better balance between minimizing
. . Short term latency and fairness
Run the PF-SP and let user j be selected 1t relatively sacrifices fairness to users

fH =R with long flows
o Latency reduction improves with more
select user 1 no of users

else
select user J
”P"j'l“' A; for all users

Fig. 3. The PF-RP Algorithm




Perfermance Comparison

e Ns-2 simulation setup

Parameters in Web traffic model in table |
are used. FTP sessions are used In
background.

ftp packet size 1000 packets(1 MB)
Short flow I1s below 15 Kb
Reset duration 1 sec.

User 1 has web and 2-4 have medium load
ftp traffic components



Perfiermance comparison cont.

Web Mode! Elements

Attributes

Distribution and values

Web Page

Time interval between Pages (s)
Number of Web objects per pages

Exponential, mean=1)
Exponential, mean=3

Web Object

Time interval between Web objects (s)
object size

Exponential, mean=0.01
Bounded Pareto, mean = 12, shape = 1.2, max=200

FTP Model Elements

Atributes

Distribution and values

File Size

Time interval between FTP Session (5]
FIP File Size

Constant, mean=200/80 (medim/heavy traffic)
Constant, mean=1 000

TABLE ]

TRAFFIC MODEL PARAMETERS
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Perfermance comparison cont.
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Conclusion

e WRS a common algorithm used in wired
routers perform poorly

e WRB which adapts wireless channel
conditions and performs ack regulation
Improves 100% over DT

e PF-RP/SFP provides robust performance
over different user channel conditions.
549% over PF/FIFO
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