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Abstract— Pervasive services provided to the enterprise
require from increased speed, performance, degree of
personalization, ubiquitous access and reliability. 4G
broadband wireless systems and multihoming technologies
provide a working framework where such challenges could
be met. In the context of a user driven broadband
multimedia service and heterogeneous multiple-flow
communication network supported system, this paper
presents the MULTINET architecture as an enabler for next
generation service delivery. The paper will discuss the main
entities involved in the system, the main functionality
supported and performance. The paper will also highlight
initial architecture set-ups and evaluate benefits and
drawbacks of the proposed configurations to meet the
identified QoS requirements.
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1. INTRODUCTION

With the advent of 4G systems the use of heterogeneous
communication systems in a transparent manner will
effectively facilitate the deployment of ubiquitous services.
The availability of multiple communication networks allow
data communications and services, providing mobility to
users with improved performance connectivity technology,
facilitating seamless and intelligent mobile broadband
communications at a lower cost, either in terms of battery
power consumption or price. This strategic objective is
developed by providing European large enterprises and
SMEs with the necessary mobile broadband technology to
support the Always Best Connected (ABC) paradigm
communications. The heterogeneity and multiplicity of
networks, available at various locations will enhance the
user experience in terms of improved service performance,
perceived Quality of Service (QoS) and reduced costs.

This is achievable by means of the MULTINET
communication system which will be capable of providing
the network and application functionalities so that multiple
simultaneous networks can be seamlessly handled to
optimize communications in multiple dimensions; while
sustaining the existing mobile industry and attracting new
business revenue.

The capabilities provided by MULTINET will facilitate
high quality mobile broadband multimedia communication

services at optimum cost, tailored to the communication
requirements. The MULTINET technology provides the
necessary networks and  application  functionality
enhancements for seamless data communication mobility in
a scenario where the user can benefit without intervention
from simultaneous transparent network connectivity among
the available access networks.

Current broadband applications provided to the enterprise
account for Mobile Office applications (PIM, email,
messaging...), will evolve in the near future into a Mobile
Workforce (Sales Force, Field Engineers, Logistics...).
However, to unveil the full potential benefits of broadband
communications to the enterprise it is necessary to develop
the IP and network connectivity management functionality
which grant access to strategic information assets, i.e.
realizing the Mobile Enterprise Applications - ERP, CRM,
SCM, PLM. This demands that a more intelligent and
flexible use of the available wireless infrastructure is
achieved meeting these requirements.

Based on the scenarios described in [2] a number of
common needs have been identified as drivers for next
generation service enablers. The common needs include:

- Need to Accelerate Transmission at users indication.

- Need to Autonomously Redirect Established Sessions

- Need to Set Up Preferences

- Need for Ubiquitous Access

- Need for Reliability

Current IP-based wireless broadband communication
systems suffer from limitations in the aforementioned
aspects. It has been only recently that new mechanism to
handle multiple IP addresses and managing mobile nested
networks were proposed [3]-[8]. Bearing all these
requirements in mind and the new emerging multihoming
technology, the following paper presents a MULTINET
architecture and some initial conclusions on most suitable IP
and flow management configurations analyzed.

The paper is organized as follows. Next Section will present
the MULTINET reference architecture. Afterwards, some
working assumptions will be presented and the main issues
regarding IP configurations in a multi-homed environment
will be discussed within the scope of the proposed
architecture. Finally, the main conclusions will be drawn
and future lines of research detailed.
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Figure 1 — Multinet Reference Model

II. MULTINET REFERENCE ARCHITETURE

The previous Section has presented the main issues and
scenarios addressed by the MULTINET system. The
MULTINET reference model is intended for user-driven
network-supported approaches to next generation services.
Next generation communication systems will be
characterized by a number of wireless communication
systems that will cooperate in a seamless manner. Thus, the
number of possible network parameter configurations and
ultimately the number of options presented to the user will
increase significantly.

It is generally acknowledged that early identification,
adoption and continuous evaluation of user-requirements in
technology development processes is advantageous in terms
of succeeding in developing sustainable advanced
communication services and applications from a business
perspective. Thereby, user is put in control of the
communication experience. However, this paradigm shift
implies in many cases that complex decisions are left to the
end user. Hence, it is necessary that mechanisms are in
place to ease the decision making process for technology
illiterate end-users.

MULTINET advocates an approach where the user is in
control of the communication process and expresses their
communication needs through simple commands, e.g.
increased speed, increased reliability, increased QoS. These
dynamic needs are translated into network level commands
through appropriate middleware functions and decisions are
supported through advanced network algorithms. The
development of such middleware allows that the user is
leveraged from complex network configurations through
interaction with simpler interfaces. This approach supports
wider adoption of next generation services.

This approach follows the experience gained through
complex mobile communication systems such as UMTS,
where the set of most common configuration parameters

supported by the Network Operators are defined and agreed

in advance in order to optimize network performance and

QoS provision. In this way, it is possible to reduce

uncertainty and work with a manageable degree of

complexity.

The reference model adopted by the MULTINET project is

depicted in Figure 1 MULTINET targets following key

features:

- Use of wireless access networks.

- Seamless perception of the user to network
connection. The ABC (Always Best Connected)
paradigm targeted by Multinet frees the user from
selecting a particular network, as it is the system’s
intelligence decides the most suitable access network.
Nevertheless, the user can have access to a
configuration facility which represents an input for the
corresponding decision algorithm.

- Flow management support. Traditional services such
as Internet browsing, multimedia services and file
downloads are already supported by wireless networks
(GSM, GPRS, WLAN), MULTINET targets broadband
multimedia service delivery supported on flow
management basis (flow split and handover) taking
advantage of the various networks interfaces available
to the nomadic user in their network.

The MULTINET reference model defines an open access

platform supporting IP-based multi-media services,

endowed with the desired functionality in terms of:

- Multihoming

- Load balancing

- Dynamic bearer selection

- Service-aware best-connection and QoS intelligence
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Figure 2 — MULTINET Architecture

It is worth noting that the MULTINET approach does not
put additional requirements on the application side. With
this respect the proposed reference model decouples

“standard” windows-based applications from the advanced

MULTINET functionality. This reflects on the development

of a Personal Gateway as will become apparent in the

following Sections.

One important feature in the reference model above is the

fact that a Common Radio Resource Manager is capable of

optimizing load balancing and dynamic bearer decisions for
each flow. Furthermore, these decisions are based on user
initiated service-aware QoS requirements.

The user environment is split into two domains:

- User devices. The user device tends to be a simple
device, a common laptop, PDA where changes in the
applications are avoided or minimized. This allows the
use of a Windows platform and common applications.
The network driver also runs a common IPv4 stack if
required, so less demanding requirements are put on the
terminals. This separation is particularly relevant when
we consider mobile workforces that normally cooperate
in the field and where it is advantageous also to
coordinate the communications of the various devices
involved in a particular task transparently to the
working team.

- The personal gateway (PG). The PG allocates part of
the workforce team communication environment
intelligence. The PG represents a multimode device that
permits the use of both many access networks
simultaneously or switch from network to network. It
provides at least functionalities for mobility,
multihoming and [Pv4/IPv6 translation support.

The Access Router (AR) represents the external router of

each access network; this means that any packets arriving

from a different network must traverse this AR for

establishing contact with any of the nodes located in this
access network. This is typically the case of a
Corresponding Host (CH) contacting the Mobile Host (MH)
through the interface of the PG connected to the AR. As the
Multinet platform comprises several wireless access
network, each of them will have an access router. It is
assumed that all ARs are communicated where other entities
— Common Radio Resource Management, Monitoring
Manager, Split Manager - are also attached.

The Common Radio Resource Management (CRRM)
provides supports to the PG in order to determine the best
access network (AN) for a given application and in the
handover process, since the PG cannot optimally fulfill this
process autonomously due to lack of overall knowledge of
network conditions.

The Monitoring Manager is responsible for collecting
information about how the radio resources are being used. It
implies inspecting at a flow-level QoS performance. This
entity is also responsible for security mechanisms. The
Multinet platform handles the split of a flow for service
delivery to various IPs related to a single user device. Thus,
fractional network bandwidth could be exploited. Without
flow splitting individual service performance suffers in
terms of both delay and throughput, since there may be
insufficient resources to satisfy all service flow QoS
requirements. Furthermore, within broadband wireless
networks lack of flow-splitting functionality also translates
into overall system performance degradation, since each
services contends for the resources available and this
impacts negatively on already established network
connections. The Split Manager is responsible for
managing multiple flows belonging to the same session.
Thus, the corresponding host only perceives a single, high
bandwidth flow.
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III. MULTINET FUNCTIONAL

ARCHITECTURE e
The previous Section has presented the
main components of a reference

MULTINET architecture and the main
entities. One of the most relevant
features of  the MULTINET
architecture is the capability of the PG,
as an extension of the devices and
applications attached to it, to benefit
from simultaneous connections to
various communication networks. This
situation demands that the means to
identifying the user devices, sessions
and flows operating over the PG are
identified univocally. To satisfy this
requirement various options exist
based on the entity which is in control
of the configuration process. The aim of this Section is to
present the functional aspects related the MULTINET
approach in this context and discuss some associated
implications. Current research work focus on Multiple Care
of Address and flow distribution aspects. However,
discussion in this Section mainly focuses on implications
from IP address configuration perspective for user and
application identification.

A. Multiple IP Address Approach. Network-Centric

The MULTINET functional architecture is based on IP
address management supporting Mobile IPv6, through
Multiple IP address based solution that is network-centric.
Alternatives to such configuration and associated drawbacks
are discussed in [9][11]. To facilitate discussion we will
consider two access networks, ANA & ANB with
associated IP address blocks [al ... an] and [bl ... bn]
respectively. The presence of an intelligent server is also
assumed, which is in charge of controlling and diverting
data flows accordingly. Its location in the architecture
diagram below suggests that it executes access network
selection in conjunction with the Network Intelligence
Server, based on port addresses. Due to its location in the
network it is referred to as the pivot router. As we will
discuss later in the paper, for a multiple IP address solution,
this component operates as a traditional router, forwarding
packets based on destination IP address.

The network operator provides standard telecoms and
Internet services in addition to the Multinet solution. The
Multinet solution must not interfere with pre-existing IP
solutions for non-Multinet users either in the core or access
network. Non-Multinet users attached to access network
ANA, for example, must be able to communicate with, and
hence route to, other users in the Internet and also access
network ANB. Thus, any packet within ANA with a
destination address associated with ANB will be forwarded
to ANB via the pivot router.

The approach taken by the MULTINET project entails that
the MN sends binding updates to the MIPv6-based HA. The
idea is that the BUs register multiple CoAs with the home
agent: one per interface. Unlike a user-centric approach, no
port information is associated with each CoA registration;

IPV6 system for
management

Correspondent A

Web
Traffic:

Correspondent B

Figure 3 — Multiple IP

therefore, the HA will have total discretion in mapping
flows (via port addresses) to CoA and hence ANs. An
intelligent network element, e.g. the CRRM, could generate
a mapping policy on a node per node basis and send the
policy to the HA, as shown in Figure 3.

This approach enables the network to retain control of the
direction of flows in the following manner. The CRRM
could operate intelligent network selection algorithms that
generate a policy which informs the HA to forward all web
traffic (port 80) over ANA and all FTP traffic (port 21) over
ANB, for example. The HA would then implement the
policy by mapping all port 80 traffic to CoA al and port 21
traffic to CoA bl.

B. Performance evaluation of the CRRM module for
WLAN

In the previous Section it has become apparent that the
MULTINET architecture relies importantly on a CRRM and
the NSA to determine the flow to port mapping. This entails
that intelligence in the network should not be handicapped
by propagation delays of network policies, excessive
overheads and that relevant information is passed to the core
decision engine, the NSA, of the MULTINET system.

This Section presents some preliminary studies on the
CRRM performance, data estimation accuracy and
overheads that will be substantiated in the final version of
the paper with initial test-bed results currently being
obtained.

The CRRM operation can be described as follows. CRRM
collects measurements from the different access points of
the subnetworks. Measurements could be collected
periodically or when the WLAN's RRM receives a
measurement request from the CRRM module.

The measurements collected by the WLAN's RRM concern
mainly the available resources in terms of bandwidth at each
access point connected to the available access routers. The
measurements are sent back to the CRRM.

The tool used for bandwidth availability estimation is called
wimeter (wireless meter tool). Wimeter captures and
analyzes on real-time all frames going to or coming from an
access point in order to estimate the traffic load and to
compute the available bandwidth. To this end, our tool
incorporates new sophisticated methods to split the duration
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of a measurement period between defer, backoff, busy, and
free timeslots. One important result that we got from the
analysis is that the estimated bandwidth is a function of the
size of data packets expected to be sent during the free
period as well as the link-layer capacity of the sender and
the receiver stations as 802.11 uses a link-layer rate
adaptation technique to enhance the reception and
transmission quality. The observations made based on
extensive real experimentations show that wimeter is able to
capture almost all frames and provide an accuracy estimate
of the available bandwidth in a very dynamic fashion. The
reader can find in [10] extensive details about the
functionalities of wimeter as well as the theoretical features
that it includes.

To illustrate the performance of wimeter to estimate the
available bandwidth efficiently, we show hereafter real-
experimentation results conducted for a scenario of a single
CBR traffic.
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Figure 4 The variation of the available bandwidth
computed by wimeter when the source rate increases
from 0Mbps to 11Mbps

Figure 4 depicts the results obtained for a scenario where
there is only one source which is increasing its sending rate
from 0 to 10Mbps. As we can see, when the source sending
rate increases, wimeter is always able to capture the new
behavior of the source and to correctly estimating the source
throughput as well as the available bandwidth. Furthermore,
the available bandwidth drops to 0 when the data throughput
is close or bigger than the saturation throughput (7.4Mbps).
Hence, when the source sending rate is 8Mbps, 9Mbps,
10Mbps, and 11Mbps, the data throughput and the available
bandwidth remains constant.

Note also that the overall bandwidth (including control
and management packets) is very close to the data
throughput which means that the overhead induced by
control and management packets (such as DHCP, ARP, and
MAC beacon packets) is very low.

IV. CONCLUSIONS

This paper has presented the MULTINET approach to
enable next generation ubiquitous services. MULTINET
reference architecture facilitates a user-initiated network-
supported approach, which relies on the availability of a
Personal Gateway with support capabilities for mobility

management of nested networks, multihoming and
IPv4/IPv6 translation for mobile working force applications.
The advantages of MCoA and a network centric IP
configuration on the MULTINET scenarios have been
presented and a preliminary solution based on a Common
Radio Resource Management scheme and Multiple Care of
Address capabilities discussed. Current work is focusing on
extending the analysis on estimator accuracy and solution
scalability performance estimation.

ACKNOWLEDGMENT

This work has been partly funded by the European
Commission through IST Project MULTINET: Enabler for
Next Generation Service Delivery (No. IST-2005-027437).
The authors wish to acknowledge the Commission for their
support. We also wish to acknowledge our gratitude and
appreciation to all the MULTINET project partners for their
contribution during the development of various ideas
presented in this paper.

REFERENCES

[1] R. Wakikawa, T. Ernst and K. Nagami, Multiple Care-of Addresses
Registration, February 2006, Monami6 Working Group, available at
http://www.ietf.org/internet-drafts/draft-wakikawa-mobileip-
multiplecoa-05.txt W.-K. Chen, Linear Networks and Systems (Book
style). Belmont, CA: Wadsworth, 1993, pp. 123—135.

[2] C. Palau, B. Molina (Editors) D2.3 Requirements Analysis, Business
Cases and  Multinet Model and Solution Concept. www.ist-
multinet.org

[3] V. Devarapalli, R. Wakikawa, A. Petrescu and P. Thubert, Network
Mobility (NEMO) Basic Support Protocol, RFC 3963, January 2005,
available at http://www.ietf.org/rfc/rfc3963.txt

[4] D. Johnson, C. Perkins and J. Arkko, Mobility Support in Ipv6, RFC
3775, available at http://www.ietf.org/rfc/rfc3775.txt

[5] R. Wakikawa, T. Ernst and K. Nagami, Multiple Care-of Addresses
Registration, February 2006, Monami6 Working Group, available at
http://www.ietf.org/internet-drafts/draft-wakikawa-mobileip-
ultiplecoa-05.txt

[6] J. Rajahalme, A. Conta, B. Carpenter, and S. Deering, IPv6 Flow
Label Specification, RFC 3697, Mar 2004, available at
http://www ietf.org/rfc/rfc3697.txt

[71 K. Mitsuya, K. Tasaka and R. Wakikawa, A schema Fragment for
Flow Distribution, June 2006,Network Working Group, available at
http://www.ietf.org/internet-drafts/draft-mitsuya-monami6-flow-
distribution-policy-01.txt

[8] H. Soliman, N. Montavont and N. Fikouras, Flow Bindings in Mobile
Ipv6, February 2007, IETF Monami6 Working Group, available at
http://www.ietf.org/internet-drafts/draft-soliman-monami6-flow-
binding-01.txt

[91] O. Lazaro etal “MULTINET: Enablers for Next Generation
Services”, 17" WWRF Meeting, Heidelberg, November 2006.

[10] F. Filali, Wimeter: a novel technique for available bandwidth
estimation for WLANs and its assistance to QoS provisioning,
Eurecom research report, RR-06-165, June 2006.

[11] Wang Q, Atkinson R, Cromar C and Dunlop J “Hybrid User and
Network Initiated Flow Handoff Support For Multihomed Mobile
Hosts” Proceedings of the IEEE VTC-2007 Spring, Dublin, April
2007

Authorized licensed use limited to: IEEE Xplore. Downloaded on March 26, 2009 at 10:35 from IEEE Xplore. Restrictions apply.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


