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What’s Wrong?
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Around Labor Day in 1969, BBN delivered
an Interface Message Processor (IMP) to
UCLA that was based on a Honeywell
DDP 516, and when they turned it on, it
just started running. It was hooked by 50

Kbps circuits to two other sites (SRI and —

g™
UCSB) in the four-node network: {:, ~

UCcss
UCLA, Stanford Research Institute

(SRI), UC Santa Barbara (UCSB), and the
University of Utah in Salt Lake City.







CISCO CARRIER ROUTING SYSTEM

MANY SERVICES. ONE NETWORK.
LIMITLESS POSSIBILITIES.
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Cisco SYSTEMS

THIS IS THE POWER OF THE NETWORK. NOW.

Reference: Cisco CRS Router Brochure
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Evolution or

Revolution?




Ericsson Research, amain contributor to global standards.

Reference: Ericsson Review
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Reference: Motorola “Long-Term-Evolution”
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As [P defeated ATM/PSTN.




Let s defeat The Wall by

Future Internet!




Loosely Synchronized,

Multiple Air Technologies,

Programmable




Open &

Programmable




Network
Systems
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Call control, Multimedia conference, Short/Multimedia Messaging, Presence, Geocoding, etc

QoS, Location, Device information, User profile, etc

Systems
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for Operator Services

Parlay & Parlay X

ETSI TISPAN OSA Project,
jointly with 3GPP CT5
(OSA : Open Service Access API).

Parlay X 3.0 available from
Nov 2007.

Corresponds with 3GPP TS 29.199
Rel.7 Specifications from Nov 2007.
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for Core Services

USli

WiMAX Forum NWG
(Network Working Group) Release 1.5
Universal Service Interface.

“Mobile Network as a
Service Enabling Platform for
Internet+ & Mobile Web 2.0
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1

(with limited features and capabilities)

Internet+ Model

Mobile WiMAX » Internet A;_)plication
Operator - Provider

» Large subscriber base « Unlimited application media
» Real-time knowledge of user’s * Only major source of data traffic
= Presence » Substantial & phenomenal growth

e Location « Control of data content
« Billing relationship

= Device Capability

» Control of data pipe

Win-Win for Mobile WiMAX operator and = )
24 Internet application provider ntel

WiMAX Universal Service Interface (USI)

SP provides information and capability to be used for value added Internet
services (e.g. QoS, location based service)

iASP & WIMAX operator share revenue
Simple Internet-friendly interfaces

M-WiMAX Universal Service Interface (USI)

| USL Request
" (QoS, Profile, Location, ctc)

USL Response Internet Application
{QoS, Profile, Location, etc) * |

Service Provider

USI_Pay
(Billing, etc)
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for Network Systems

MVNO,
Enterprises with hosted network,
R&D technology innovators.

Customer Configured Networks and Innovative Services
* Service differentiated MVNO : QoS, Security, Contents, etc.
(Most MVNOs targeted to Cost-driven business)
* Private mobile wireless enterprise network with privacy
(e.g. own security scheme, enterprise AAA, mobile/wireless VPN)
 Customized TCP performance enhancement for classified users
(e.g. TCP acceleration, Snoop)
* New innovative technology
(e.g. new addressing / mobility / networking / routing / etc algorithms)




Virtualization is not a new brand name
in the Mobile Network.
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Mobile Network Operator




No REAL virtualization technologies
(As a result, no revenue creation Biz models)

Same services with JUST low cost.
No new creative services and researches.

MVNOs, 3rd Parties, R&Ds
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Technical background for Open Mobile Network
enabling Win-Win business strategies




OpenMIND
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Virtual
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Virtual
Operator’s

Virtual

Operator’s Mobile Wireless Core

Subscriber
Network

Broadband Networks




Virtualized Mobile Wireless Networks

for
Experimental, 3"-Party, Enterprise, MVNO
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“Spectrum and radio access
network as shared resources
and products”

® Nation-wide MVNO
(e.g. EBS Mobile)

@ Regional-area MVNO
(e.g. Gyeonggi Mobile)

® Spot Area Company Operator for Wireless Office
(e.g. Samsung DMC Mobile, LG MC Mobile)

Spectrum
Manager

IEEE 1588 . e Common resource
Master Clock Control
! * QoS Coordination
» Dedjcated
resource allocation

Virtualized
MME/SGW

Virtualization Features:
» Authentication

» Authorization

» Mobility control

* Security for AN

* QoS for AN




Case Study

OpenMIND for Mobile TCP







TCP enhancement for last
hop wireless networks

Bottleneck links in
wired network

TCP Tahoe,
TCP Reno,
TCP New Reno,
TCP SACK,
TCP Vegas,
TCPW,
TCPWA,
JTCP,
ECN

Last hop wireless networks

Cellular last hop WLAN last hop

Snoop, METP,
SNACK-NS, EBSN,
TCP SACK aware DDA
Snoop,
Freeze TCP,
I-TCP,
M-TCP,
ELN

Satellite network

TCP-Peach




TCP enhancement for last
hop wireless networks

Connection management
related approaches

Split connection

I-TCP, Freeze TCP,
M-TCP, TCP Probing,
METP TCPW,
TCP Veno,
JTCP,
TCPW-A

Wireless loss related
approaches

Localization Explicit notification

Snoop, ECN,

DDA, ELN,

TCP SACK-Aware Snoop, EBSN,
Snack-NS ELN-ACK




Mobile Operator Application Servers

, ?

Mobile
User A

Air Llnk IP Switch
Radio Network

Remote 3rd Party Application Servers

GGSN

® Practical Condition for TCP

Air Link, IP Network,
Radio Network Peer’s Access Network #Note IP Switch rk,

Small ~ Medium,
Less Dynamic

Large & Dynamic
Wireline User

RTT/Delay * Air link transfer delay
* Queuing delay * Network transmission
* RF-Scheduling * Congestion

¢ Dynamic BW Modem/ Broadband
RGW User

Frequent Scarce

* Mobility
* Air link error (FER=1~5%) * Congestion
* Handoff

Cellular User

#Note: Except for cellular peer user case
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Enterprise’s 1\/1()]311e WiI’GlGSS Enterprise’s

Mobile Intranet

Worker Broadband Networks Data-center




Mobile Operator Application Servers

Remote 3rd Party Application Servers

IP Switch Firewall 11 o iteh

® Basic Design Principles
(D Rate-based Control a ?
= Previous) Aggressiveness (loss based control), or RTT

IP Switch

based (delay based control)

Wireline User

=  Proposed) Access technology transmission rate based (e.g.
SLA, Peak/Mean/Min)
@ IP Network & ISP Independent — ServiceBox
= Internet, ISP network environments (or status) does not

Broadband
User

impact to TCP performance over mobile network
@ Access Network(or Technology) Independent — AccessBox
= Wireless link status (e.g. error, dynamic BW/RTT, handoff, @
etc.) is hided to IP Network & ISP %

@ ServiceBox & AccessBox are also mutually independent IS Cellular
ode User

Cellular User




. FTP
ﬂ Server

FTP Server sends TCP/IP packets

Service-Box virtually terminates TCP session through ACK transfer

(if buffer size exceeds pre-configured threshold, ACK transfer is suspended)

Service-Box sends TCP/IP packets to Access-Box according to estimated data-rate

Access-Box stores and sends TCP/IP packets to MS

MS sends ACK for received TCP/IP packets (or request retransmission for corrupted TCP packets)
Access-Box modifies RWND field of TCP packet using own session buffer size

(if required, re-transmit corrupted TCP packets to MS. SNOOP algorithm is used for retransmission)
Access-Box sends ACK packet to Service-Box

Service-Box terminates ACK packet, and re-estimate data-rate using RWND & experienced RTT




Rnew (b/s) =

V-RWND (bits)

RTT (ms)

x 6

* V-RWND Size (in bits)
= Receiver windows size at AccessBox
= Number of packets X packet size

* RTT (in seconds)
= Measured RTT at ServiceBox from ACK packet

* TE sensitivity (6)
= Weighting factor used to limit the maximum
transmission rate of a TCP session




® Planned Network
=  Well planned radio cell (e.g. urban center, suburban outdoor)
*  Guaranteed medium to high datarate with small datarate fluctuation and targeted FER

= Peak rate: 10 Mb/s, Minimum rate: 8 Mb/s, and Mean rate: 9 Mb/s (uniform distribution.)

® Un-planned Network

= Poor quality radio cell, high speed mobile mover (e.g. shadow, inter-radio-cell)
= Abrupt datarate change with high datarate fluctuation and large FER
= Peak rate: 10 Mb/s, Minimum rate: 1 Mb/s, and Mean rate: 5.5 Mb/s (uniform distribution.)
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—&— TARA with Snoop (1 Users, 10MB, Planned-Network) o - - -
—B— TARAwith Snoop (3 Users, 1MB, Planned-Network) —5— TARAwith Snoop (1 l‘ sers, 10M B'.L nplanned-v.\ etwork)
-~ FAST TCP with Snoop (1 User, 10MB, Planned-Network) —=—TARAwith Snoop (3 Users, IMB, Unplanned-Network)

-~ FAST TCP with Snoop (3 User, IMB, Planned-Network) --Ze-- FAST TCP w%th Snoop (1 User, 10MB, U nplanned-'.\ierc:n*k)
-->¢-- FAST TCP with Snoop (3 User, IMB, Unplanned-Network)

FER 0% FER 1% FER 5% FER 0% FER 1% FER 5%







OpenMIND Researches

* OpenMIND interface design, implementation and standardization
* OpenMIND based service scenario development

» Network sync. protocol based synchronous operation
= Between Terminal, physical network and virtual operator

= Between Virtual operators (who share the same physical network)

e Shared mobile resource mgnt., scheduling, QoS support among operators
= Same and/or different technology
= Same and/or different frequency

* Demo system development and field trial

and other challenging issues ...




OpenMIND for Mobile TCP

“Easy and cost-effective way of performance improvement,
supplement to air technology enhancement and radio cell planning”

® Improved performance

= User-experienced effective datarate can be impressively increased

® Feasible approach
= Legacy network & client independent deployment (Service/Access-Box)

=  Easy for traffic engineering

® Ready for fixed-mobile-converged environments

=  Seamless appliance for Macro network, Femtocell, Broadband and Hot-spot







