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Abstract: In this paper we describe Terastream all IP 
architecture including market and economic drivers, IPv6 
addressing scheme, routing and tunneling protocols,  
interfaces and optical integration, front end data centers, 
home networking and performance aspects initial findings. 
We point out standardization efforts where we are 
contributing and present initial findings after actual 
implementation of pilot network. 

I. INTRODUCTION

Work on new IP architecture started in 2011 within 
Deutsche Telekom. In 2012 pilot Terastream network was 
implemented by Croatian Telecom. In 2013 we will 
continue research activities and provide additional 
contributions to standardization work performed by IETF 
and other standardization organizations.  

This paper is describing architecture, implementation 
and initial findings during implementation. New research 
activities are only mentioned where appropriate. 

II. MARKET AND ECONOMIC DRIVERS

Over the top providers, cable operators, mobile 
operators and fixed operators are in fierce competition. 
They are facing massive IP traffic growth driven by 
improved broadband access technologies, new Internet 
services and new business models. Mobile and Fixed 
operators are moving from legacy multi-layer networks 
with too much complexity.

In order to reduce complexity and enable service 
innovation, more features, faster provisioning resulting in 
revenue increase — operators need simplification and one 
truly converged de-layered network to enable cloud era 
economics. 

With Internet traffic growth forecasts increasing from 
conservative 10 times to more than 50 times in next ten 
years operators are facing major changes. Ongoing 
migration from IPv4 to IPv6 is adding to complexity. In 
order to get revenue and cost balance right, new service 
delivery model based on simplified IPv6 network 
architecture is needed. 

III. ARCHITECTURE OVERVIEW

Traditional models produce IP connectivity using 
separate networks for telecom services and other providers 
in a way that is too costly to provide for traffic growth. In 

order to enable more economical IP connectivity 
Terastream relies on following design principles: 

� Reduce the amount of technologies used 

� Use IPv61 only for all internal functions and 
services 

� Size the network to handle IP traffic without 
packet losses 

� Integrate optical and IP network as much as 
possible 

� Avoid internal interfaces 

� Use one network for all services 

Architecture is using two types of routers. One we call 
R2 - they deal with peering, data center connectivity and 
are meshed among them self to produce telecom network. 
They have dual stack capability IPv4/IPv6, huge number 
of 100GE ports to connect so called R1 routers in a 
horseshoe and number of 10GE ports for directly 
connecting front end data center computers. 
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Figure 1. Terastream Architecture Overview 

In order to benefit from x86 architecture, network 
services are implemented using off the shelf servers 
connected directly to R2 routers. Services like L2 and L3 
virtual private networks or IPv4 through DS-Lite2 tunnel 
termination require throughput and low latency offered by 
front end data center infrastructure. Store and forward 
services like mail or messaging are implemented in 
regular data centers. 
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IV. IPV6 ASPECTS, ROUTING AND TUNNELING

IPv6 address uses 128 bits which enables huge address 
space with near 3.4×1038 available addresses. This solves 
shortage of IPv4 address and its address translation 
mechanism (except in some special cases). 

There are different address scopes in IPv6: local,  global 
addresses and Unique Local Addresses - ULA. ULA 
addresses are equivalent of IPv4 private addresses.  

Addresses can be generated automatically by the client 
without preserving state using SLAAC – Stateless 
Autoconfiguration which relies on RA (Router 
Advertisement) messages from the router.  DHCPv6 
protocol can also be used for better control. 

Service providers used to build hybrid networks using 
Ethernet in aggregation part and IP/MPLS in the core part. 

TeraStream is pure IP network which lowers the number 
of used protocols and simplifies network management.  

More specifically TeraStream is pure IPv6 network 
because all other protocols are tunneled (if needed). That 
includes IPv4 protocol which becomes only one of the 
network services. Tunneling is done between the Home 
Gateway and the network AFTR (Address Family 
Translation) service that sits in the Data Center (using DS-
Lite or Lightweight 4over6) as shown on Figure 2.

Figure 2. IPv4 as a service over IPv6 using DS-Lite 

Routing in Terastream is done using familiar IS-IS and 
BGP (Border Gateway Protocol) protocols. IS-IS protocol 
is used only for exchanging loopbacks and interface 
addresses. Whole network is one IS-IS Level 2 domain. 
All customer prefixes are exchanged using BGP with R1 
routers being RR clients of R2 routers. R2 routers can 
have external BGP peerings. 

In Terastream concept IPv6 address bits (Figure 3.) have 
special meaning attached to them:

� Defining if address is public, belongs to 
infrastructure or service  (so called PIE bits), 

� Defining service type  (so called SSS bits, they 
have values for Internet, IPTV or  other service) 

� Defining user location (router, interface,VLAN) 
 

Examples:   Source  Destination 
   PIESSS  PIESSS 
--------------------------------------------------------- 
User -> IMS  000110  011110 
IMS  -> User  011110  000110 
User -> User (best effort) X00001  X00001 
User -> Internet (best effort)100001  XXXXXX 
Internet -> User (best effort)XXXXXX  100001 
Lan-Lan service  010101  010101 

 
 

R Registry 32 bit, Registry/IANA assigned 
P Public 1 bit, 0=traffic internal to Telekom, 1=traffic external to Telekom 
I Infrastructure 1 bit, 0=end user traffic, 1=infrastructure packet 
E Endpoint/Service 1 bit, 0=network endpoint, 1=service  
S Service type 3 bits, 0=res, 1=internet, 2=res, 3=res, 4=video, 5=L2 service, 6=voice, 7=mgmt 
a R1 Area 5 bits, Indicates what R1 that the address is delegated from, max 32 R1 
p R1 User 13 bits, User identifier 
u User subnet , Delegated to user 

Figure 3. Terastream IPv6 addressing PIESSS examples 

Each customer gets /56 prefix for each of the used 
services (Internet, IPTV, etc.). Concept enables not only 
connection of the HGW but also end devices to the 
Terastream network.  

Idea is to also enable more complex topologies so the 
home network can have connections to multiple service 
providers or just be multihomed. 

Multi-functional end devices can get multiple address 
prefixes, one for each service. Current IPv6 standards use 
longest prefix match rules to choose the right source 
prefix for the destination. As such approach has many 
limits suggestion is to use so called “coloring” mechanism 
which will “color” the prefix given to the customer. Each 
device or application will then be able to choose the right 
“color” to reach the desired service prefix (that will also 
be colored). Policies could be preconfigured or 
downloaded from network management server.  

V. IP AND OPTICAL INTEGRATION

Key idea is integration of 100G transponders in routers 
without classical Dense Wavelength Division 
Multiplexing – DWDM – components: (ROADM, MUX, 
DEMUX) using only splitters and amplifiers.  This is now 
possible using coherent tunable transponders which can 
tune its transmitters and receivers to any of 80 optical 
channels. 

With this approach we can avoid double optical/electrical 
conversion and reduce number of interfaces as shown on 
Figure 4 with separate transponders and on Figure 5 with 
integrated transponders. 

Figure 4. Classic concept with DWDM and IP separated ports 
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Figure 5. IPoDWDM with integrated transponders 

Client ports in router and transponder are not needed since 
transponder is integrated in router card. This concept 
reduces CAPEX costs and provide improved resilience of 
the network (less OPEX cost). 

Each R1 (max 8) site has a splitter combination to add / 
drop channels and is connected to two different R2 routers 
to enable services in case of fiber interruption. Optical 
connectivity is shown on Figure 6.
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Figure 6. Terastream optical connectivity 

All circuits are 100Gb/s3 Ethernet point-to-point utilizing 
50GHz spacing.  Typical overall distance of the horseshoe 
is 600Km. 

The solution must also be adapted to the Core network of 
meshed R2 sites (not depicted).  

Each R1 site is equipped with 8 optical channels. We start 
with utilized two 100Gb/s channels per R1 site. 

The DWDM network leverage a “Drop and Waste” 
architecture where every wavelength that is dropped at an 
R1 site will be wasted or not available to upstream nodes 
as shown on Figure 7.  

Figure 7. Terastream “Drop & Waste” architecture with splitters

Important fact in this architecture is that every optical 
channel is available at every transponder due to the usage 
of splitters and not filters as in classical DWDM system. 
With previous transponder technology this architecture 
would be impossible to implement. 

Coherent technology enables us to simplify optical 
network using only splitters and amplifiers from classical 
DWDM systems eliminating need for expensive 
ROADM, MUX/DEMUX and other components. 

This concept is applicable in presented “Horseshoe” 
topology with 600km span limit. 

VI. FRONT END DATA CENTER

Data center directly attached to the TeraStream 
network is called front end data center. The name was 
derived from its function. Such data center primarily runs 
front end (customer facing) services. Data centers 
traditionally offer compute, storage and network 
resources, while here it is a platform for hosting:

� basic network service

� voice (VOIP), television (IPTV)

� content delivery network

The front end data center is designed in form of cloud, 
which enables high flexibility, agility and scalability for 
the services hosted in it. By using standardized cloud 
platform4 with well-defined API (Application 
Programming Interface) it is possible to decouple 
hardware from software, so that servers from different 
vendors can be used in the same data center more easily. 
This approach would enable easier replacement of 
hardware in future.

Services which are running in the data center are 
delivered in form of virtual machines, where each virtual 
machine would contain the software for the service. Each 
service can run its own operating system which is the best 
for it, reducing the compatibility issues.

Figure 8. decoupling hardware from software using hypervisor 

Having a single data center might be beneficial for 
easier management, but in order to bring services closer to 
customers, it is necessary to have the data center at each 
R2 site. Management of multiple data centers, each 
running lots of services, is a nightmare and requires a lot 
of people involved.

By using orchestration tools, it is possible to reduce 
human errors, improve service delivery times and reduce 
service outages. The most important functions of the 
orchestrator:
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� configuration of the whole data center from the 
scratch,

� start and configuration basic data center and 
network services (DNS, NTP, orchestrator, 
logging facilities),

� deployment and configuration of a service (as a 
virtual machine or set of virtual machines),

� tearing down a service (removal from the data 
center),

� detection and correction of service, virtual 
machine or physical server failures,

� communication with other network management
systems in order to have entire end-to-end 
overview,

� reporting of data center usage and trend 
prediction.
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Figure 9. Orchestrator interfacse 

Orchestrator acts on different layers as shown on Figure 9:
hardware, base operating system on physical servers, 
cloud software (including hypervisor, storage and network 
resources), virtual machines as virtual appliances, 
operating system inside virtual machines, applications 
inside virtual machines, and helper for establishing 
communication between various virtual appliances.

VII. HOME NETWORKING

With the introduction of IPv6 in the home, customers 
now receive 2^72 IP addresses they can use for 
networking in the home. Comparing to the IPv4 
addressing space, this means the customers can connect 
more devices at their home than they are existing devices 
on the Internet today reachable via IPv4. This allows for 
all sorts of opportunities such as home automation, 
connecting all home appliances into one inter-connected 
network, etc. 

The addressing space for IPv6 is a public addressing 
space which means the customer is directly available from 
the Internet and is “on” the Internet rather than 
“connected” to the Internet. Unlike IPv4, where the lack 
of addresses implies that each customer has only one 
public IPv4 address, the whole customer IPv6 addressing 

space is public. NAT – Network Address Translation from 
the single public IPv4 address to the private addressing 
space (typically 192.168.1.0/24) used for IPv4 home 
networking brings a lot of limitations regarding home 
accessibility from the Internet and is non-existent with 
IPv6. 

The typical scenario of Internet connectivity uses a 
Home Gateway as a central point of home administration 
and a point of interconnection. However, the TeraStream 
architecture allows that the customer connects himself 
directly to the R1 router and uses only low-end switches 
to build their own home network. However, this is 
possible only with devices which are IPv6 capable. 

The Home Gateway is used for three primary reasons: 

� Firewall used for the protection of the home 
against malicious attacks from the Internet; 

� Access point for wireless connectivity. 

� IPv4 connectivity. 

Since nowadays a lot of existing equipment are IPv4-only, 
the Home Gateway is used as a endpoint for tunneling 
customer IPv4 traffic. This is accomplished using DS-
Lite, a protocol that encapsulates customer IPv4 traffic 
(from the private address space) and sends it to the data 
center where NAT to the public IPv4 address is 
performed. The traffic is then forwarded to its final 
destination on the IPv4 Internet. 

VIII. CONCLUSION

Terastream pilot in Croatian telecom was implemented 
in less than three months. It proved number of new IPv6 
technologies including DS-Lite — by using front end data 
center it was shown that it is possible to implement 
network functions like DS-Lite on standard PC hardware 
in cloud environment — as well as that it is possible to 
build 100GE coherent drop & waste optical system with 
integrated optics managed by routers on IPv6 only 
network.   

ACKNOWLEDGMENT 

We would like to thank colleagues from Deutsche 
Telekom that made simplification and improvements of 
traditional IP architecture possible in Terastream 
architecture drafted number of early design documents 
that started pilot in Croatia: Peter Lothberg, Axel 
Clauberg, Rainer Schatzmayr, Guenter Honisch and many 
others. 

REFERENCES

[1] Hinden, RM. "RFC 4291 - IP Version 6 Addressing Architecture." 
2006. 

[2] Durand, Alain et al. "Dual-Stack Lite Broadband Deployments 
Following IPv4 Exhaustion." draft-ietf-softwire-dual-stack-lite-04 
(work in progress) (2010).  

[3] Winzer, Peter. "Beyond 100G ethernet." Communications 
Magazine, IEEE 48.7 (2010): 26-30. 

[4] 26-30.Computing, Rackspace Cloud. "OpenStack Open Source 
Cloud Computing Software." 2010-12-10. http://openstaek, org 
(2012). 

440



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 841.680]
>> setpagedevice


