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This report provides an overview of several indicators and data sets for measuring IPv6 deployment.
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MAIN P OINTS

One of the major challenges ftire future of the Internet is its ability to scale to connect billions of
people and device# key part of scalability is the Intern&rotocol (IP) The Internet Protoclospecifies
how communications take place between one deviceaanther through an addressing system. Each
device must have an IP address in order to communicate. Howvilegecurrently used version of the
Internet Protocol, IPv4s expeded to run out of previously unallocated addressesOn2? IPv4 addresses
are nearing full allocation, with just 8% of addresses remaining in March 2010.

When IPv4 addressese fully allocated operators andervice providersmust supporthe newer
version of the Internet Protocol (IPv$) order to addadditional customersor devices to their networks.
Otherwise, they will neetb employcomplex and expensive layers of network address translation (NAT)
to share scarce IPv4 addresses among multiple users and devices. For this reason, the timely deployment of
IPv6 by network operatorsnd content/application providers is an increasing priority for all Internet
stakeholdersin terms of public policy]Pv6 plays an important role in enabliggowth of the Internet to
support furtheinnovation In addition, security, interoperability and competitissues are involved with
the depletion of IPv4

Encouraging the deployment of IPv6 is an explicit goal of OECD and of a growing number-of non
OECD countries. In June 2008, in tBeoulDeclaration for the Future of the Internet Econgriviinisters
highlighted the importance of encouraging IPv6 adoption, in particular through its deployment by the
private sector and by governmeffEo this end, benchmarking IPv6 deployment at the international level
is necessary in order to help build awareness of theesagh scale of the issue, to support informed policy
making, and to monitor the impact of various policies.

Previous OECD workncludes fiEconomic Considerations in the Management of IPv4 and in the
Deployment of IPw® published in April 2008.The presenteport builds orthis work by investigating
various indicators of IPv6 deploymeneach of which offers information on a specific aspect of IPv6
deployment and from a particular vantage point. The difficulty of such a measurement exedctbe
caveats associated with each indicator are underscored.

By early 201Q IPv6 was still a small proportion ofhe Internet. However, IPv6 useas growing
faster than contired IPv4 use, albeit from a low base. And several lagge deployments are taki
place orare planned. Overall, the Internet is still in the early stages of a transition whereby end hosts,
networks, services, and middleware are shifting from 1&w§ to support both IPv4 and IPv6. During a
potentially long transition, both IPv4 arBv6 will coe x i st -$ hadikdduadperati on on
Internet That said some greetfield IPv6-only deployments will also take place for npwrposessuch as
mobile Internet oim the deploymenbf sensor network¥ey findings are:

1 Networks that can run IPv6 and thabpose IPv6 services are critical to IPv6 deployment.
5.5% of networks on the Internet (1 800 networks) could handle IPv6 traffic by early 2010. IPv6
networks have grown faster than IPedly since mie2007. Similarly, demand for IPv6 address
blocks has gnn faster than demand for IPv4 address blocks. Even more encouragingly, Internet
infrastructure players seem to be actively readying for IPv6, with one out of five transit networks
(i.e. networks that provide connections through themselves to other nejwakdling IPv6. In
practice, several indicators are closely correlated and point to the same countries as having the
most IPv6 network services. Thaselude Germany, the Netherlands, the United States, and the
United Kingdom.

INTERNET ADDRES3NG: MEASURING DEPLOYMENT OF IPV6
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1 As to endusers the penetration of operating systems that supports IPv6 indicates the number of
Internet computers devices that could potentially run IPv6 if IPv6 connectivilgs available.
The number ofpotential uses is quite high with over 90% of the installed basf operating
systems being IPv6apable, and roughly 25% of end users running an operating system that
supports IPv6 by defauilt January201Q such as Windows Vista or Mac OS X. Howe\aatual
IPv6 connectivityby users is very low. A one year experiment by Googtanaged that just
0.25% of users had IPv6 connectivity (and chose IPv6 when given the choice) in September
2009, up from less than 0.2% one year before. After France, the top countries by percentage of
native IPv6 capable users in September 2009 were C8imeden, the Netherlands, the United
States, and Japan.

1 IPv6 support by content providers and low latency of IPv6 websites are critical foisersito
have an incentive to use IPvBnly 1.45% of the top 1000 websitesdhan IPv6websitein
January 20Q, but this figure grew to 8% in March 2010 when Google websites were included.
However,only 0.15% of the top fnillion websiteshad an IPv6 website in January 2Qa6d just
0.16%in March 2010Q. A trend may be emerging whereby large websites are deploying IPv6
alongside IPv4, whiléhe vast mjority of smallerwebsites remainavailableonly over IPv4

Adequate adoption of IPv6 to satisfy foreseeable demand for Internet deployment would require a
significant increase in its relative use, in a short space of time, and require significant nmbitisedss
all parts of the Internet. Adequate adoption of IPv6 cannot yet be demonstrated by the measurements
explored in this report. In particular, IPv6 is not being deployed sufficiently rapadiytercept the
estimated IPv4 exhaustion daMuch more mobilisation needs to occur for the Internet infrastructure to be
ready when IPv4 addresses run out in 2012.

This report concludes thatcommendations made in 2088nain valid ANNEX 1 - Main points,
OECD( 2008) , AEconomic Considerations in the) Manag
As the pool of unallocated IPv4 addresses dwindles, all stakeholders should anticipate the impacts of the
transition period and plaaccordingly to gather momentum for tbeployment ofiPv6 to decrease the
pressure otPv4. In particular, to create a policy environment conducive to the timely deployment of IPv6,
governments shouldonsider i) Working with the private sector and othstakeholders to increase
education and awareness and reduce bottlenégk3emonstrahg government commitment to adoption
of IPv6; andii) Pursung international ceoperation andnonitoiing IPv6 deployment.

INTERNET ADDRESSINGMEASURING DEPLOYMENTOF IPV6
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INTRODUCTION

The goal of the report is to present to poliogkers various data sets being used to monitor IPv6
depl oyment . The I nternetds di stributed natur e
stakeholders and components emeolved No single measurement can indicate the overall level of IPv6
deployment on the Internet, or in private netwonksr how much IPv6 isactually being usedinstead,
various indicators arergsented in this report, each of which offers information on a specific aspect of IPv6
deployment and from a particular vantage point. A goal of the report is to indicate the relegbaioyity
andrepresentativeness various indicators.

Most indicdorsin this documenare generated by entities that administer core Internet infrastructure
or by network surveyé.Many ofthesedata aremadeavailable publiclyand an examination over time, by
country and compared to IPv4, can provide useful indicatad IPv6 deploymentt should be noted that
sources of relevant data may evolve as new types of actors deploy IPv6. Actors who are not yet able to
provide data on IPv@usagefrom their vantage point include providers of amsgr operating systems,
industry associations, content distribution networks and large wired and wireless Internet service providers.

The Internet will face significant pressure in the coming years as the unallocated pool of IPv4
addresses depletesn IPv6-only network is the eng@oint of a potentially long transition phase where, on
most of the Internet, both IPv4 and IPv6 willeax i st -9 tha dikddu ad p e r a tfieldolPvV6- S o me
only deployments will also take place for new usage models such as mobile Internet or sens&s netwo
deployments. The Internet mnly in the early stages of this dusthck transition whereby end hosts,
networks, services, and middleware are shifting from 48w to support both IPv4 and IPV6.

Box 1. Phases of the transition to IPv6

For technical reasons, IPv6 is not directly backwards compatible with IPv4 and consequently, the technical
transition from IPv4 to IPv6 is complex. If a device can implement bothl Pv4 and | Pv6 networ k| |l ayer
stack O transition mec heisténsenf RyhandlPvé.sor isdiatd IPV6 devices to communicate with
one another, IPv6 over IPv4 dunnelingdbmechanisms can be set up. Finally, for IPv6-only devices to communicate with
IPv4-only devices, aninter medi at e device must fitransl|l at eo betiwekstackl|Pv4 an
dunnelingdand dranslationdi require access to some quantity of IPv4 addresses. Bearing in mind that during the entire
transition the Internet will continue to grow, experts envisage the transition to occur across three general phases:

Phase 1: In the early phases of IPv6 deployment, since about 2000, Figure A. Dual stack example

there are isolated 6islandsd of | P¥8E™Host and networlk depl
interconnect wusing éeswvenaecbrrimmrgllavMayerchni"

Phase 2: In the medium term, operating dual IPv4 and IPv6 protocol Network
stacks (dual stack) is required in cases—t0 derpin
evolution to I Pvée. The use of oO6tunnelingd echniques $houl d

Phase 3: In the final phase of the transition, IPv4 is expected to be shut down for all but a small number of legacy
IPv4-only edge networks that remain where general Internet connectivity is not required.

IPv6 represents very small proportion of the Internelowever,the relative use of IPv6 in today's
Internet as compared to IPv4 is increasing, so that whileR¥e Internet continues to grow, IPv6 use
seems to bgrowing slightly faster. On balance, it istnget clearwhenlIPv6 will be widely adopted by
access andontent provider networksor generallyhow the transition will be supported in the Internet's
component networks. There is widespread expectation that the transition to IPv6 is inevitable. However,
Internet service providers have different broad strasetpemeet future service delivery requirements:

i) even denser deployment of IPv4 Network Address Translation (NAT), whereby more devices are
connected with fewer public IPv4 addresses by using private netviipriksing network middleware IPv4

INTERNET ADDRES3NG: MEASURING DEPLOYMENT OF IPV6
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/ IPv6 prdocol translators, and/onji) likely deploying IPv6 in the medium term to extend IPv6
connectivity services to all end points in the entire Internet.

Several large operators and content providers such as Comcast or Google are deploying IPv6
alongside IP4. It should be highlighted that beyond providing IPv6 public Internet access or content,
service providers, corporations, public agencies andusats are leveraging IPv6 for advanced and
innovative activities omprivate networksFor example, IPv6 is ad for network management services to
simplify and better control appliances across large and heterogeneous infrastructures with coexistent IPv4
and IPv6 networks. IPv6 is also used in 6LowPAN clouds of smart objects connected with the Internet
Protocol wthin intranets. These advanced and innovative activities use IPv6 as a business
stimulator/enabler, rather than just a way to scale existing Internet services. But while promising, services
offered and used on private networks are very difficult to queatitl are not included in this report.

This report considers data in three main ar8astdicators of infrastructure readine$s,determine
the portion of the Internet that would support IPv6, should it be turn®dipindicators of actual use of
IPv6 on thelnternetand;iii) Operator survey information.

i) Indicators of infrastructure readiness, January 2010

Experts deem that much of thev@Ptechnology seis operationally ready. There is clear evidence that
IPv6 hosts and service delivery platfts are being gedoyed. There is also evidendbat a visible
proportion of theorganisations that manage the infrastructurhefinternet are undertialg various forms
of IPv6 deployments. IPv6 interconnectedness is increasing quickly. However, tlom pdrthe Internet
that is IPvBcapable is still small compared to the portion of the Internet that isdRly4All the data that
follows is dateckarly2010.

1 Allocations of IPv6 addresspaceshow interest in potential IPv6 deployment, since obtaining
IPv6 address space is a first step in deploying [Pv6.

Over 4 000 IPv6 prefixes (address blocks) dhéaeen allocated/assigned’he top countriesin
terms of prefix allocations were th&nited States, Germany, Japan, United Kingdom, the
Netherlands, and Ausalia.

It should be noted that the IPv6 address space is so large that4tf®0 IPv6 prefixes
allocated/assignetb daterepresenjust 0.003% of the total available IPv6 address spéce.

1 The IPv6 global routing tables show the netwdrk8 Aut o n o mmsws 03y HidtaRdos 0 )
some extent capable of handling IPv6 tratfi&es peer with one another to exchange traffic.

Network providers

There were 2 500 routed IPv6 prefixedaddress blocks)

on the Internet, i.e.60% of allocatedIPv6 prefixeswere P Transit P Mobile ISP
routed o -~ W><} =

L | @
Importantly, over 55% of neéworks on the Internet (over o/ IX \
1 800 networks)were IPv6-enabled.IPv6 has had higher ISPANLSP; P O
growth than IPv4 since mi€2007. s Gea

Even more significantly,20% of IPv4 transit networks, i\ &

i.e. networks thatprovide connections througkhemselves

to other neéworks, also announed IPv6 prefixes. This signals thatinternet infrastructure
players are actively readying for IPv6

INTERNET ADDRESSINGMEASURING DEPLOYMENTOF IPV6
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The top IPv6 networks were different from the IPv4 networks. The top countries by presence
of IPv6 peers were Germany, the Netherlandege United States, China, and the United
Kingdom.

1 As key infrastructure to exchange local Internet traffitgrnet eXchange PointX{P) support of
IPv6 is a preaequisite forfast andinexpensive IPv6 connectivityHaving Internet Service
Providers (ISB) and transit providers offer IPv6 is also key to enabling IPv6 connectivity.

At least 23% of Internet eXchange Points explicitly supgattPv6.

The top countriesdby number of ISPs offering native IPv6 serviceere Germany, the United
States, Japanthe United Kingdom, and France.

The top countries in terms of service offerings bative IPv6 transit provides were Germany,
the Netherlands, the United Kingdom, France, and the United States.

End users / customers

1 The penetration of operating systems that support IPv6 by |tiefdicates __ _~~ "~~~ "~
the number of | nter nhedastcsoomp uttreats | dewlijd eso t( diretr
run IPv6. FE

| :
| Mobile Services 1

by default, in particular Windows Vista or Mac OS >Over 90% of the 'Q Devices.

1
1
installed bag of operating systemss IPv6-ready, but often requiresextra | svstems 1
configuration. :

The top countries by number of productspprovedby the IPv6F o r u
IPv6-ready logo programwere Japan, the United States, Chinese Talpel !
Korea,and China. oo TooTaoT

1 IPv6 support in ta Domain Name System (DN®nables IPv&@ nabl ed computers |
reach other IPv@nabled computerdNS data also helps indicate IPv6 support by content

providers.

C_or_lte_nt_ p;o;ld_er_s" 0
7 out of 13 of the rooDNS serverswere .,’_«- ' ' =
accessible ovedPv6. In terms of IPv6 | ,,,@A_l.e,;a'_:
suppaot by TopLevel Domains (TLDs), [ = g ~——
65% of TLDs hal IPv6 records in the root Eanpecon -Zéﬁi”s -m?,qs -'fefv?cﬁs S

zone file while 80% of TLDs hd name
servers with an IPv6 address.

Domain name system

At least 1.5 million domain names, roughly 1% of registered domain namesd,|IR&6 DNS
records.

Some 1.45% of theop one thousand websites (ranked by Alexapfan IPv6 website. Only
0.15% of the top one million websites (ranked by Alexaplan IPv6 website, of which the
contentwasmostlyidentical to the IPv4 content.

ii) Indicators of actual use of IPv6 on the Iternet, June-November 2009
However, indicators of actual use of IPv6 on the Internet today, in terms of service access, show that

IPv6 adoption on the Internet remains very |@lthough it is growingData considered include ender
IPv6 connectivityandobserved IPv6 traffic levels the second part of 2009

INTERNET ADDRESSNG: MEASURING DEPLOYMENT OF IPV6
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1 Enduser systems that chose IPv6 when given the choice-gthe) and endser systems that
have IPv6 connectivity are two very important indicators of IPv6 uptake by users. They are
particularlyimportant for content providers.

A one yearexperimen by Google estimated that about 0.25%usfers were IPv6 capable by
September 2009, of which almost half were using MacOS operating systems and almost half
Windows Vista

On other, technicallyoriented websites, about 0.9% of enders connected via IPv6 when
possible in June 2009.

Googl eds experiment finds that the top count:
September 2009 were France (1%), China (0.4%), Sweden (0.1%), the NethsyldnedUnited
States, and Japan (under 0.1%) in September 2809.

Googled experimentalsofinds that the networks originating most IPv6 traffic are universities
or research institutions, with the notable exception of free.fr in France.

Finally, Google faund native IPv6 latencyto becomparable to that of Pv4 while latency of
IPv6 relay mechanismsvas higher than that of IPv4lt should be noted that ther research
finds IPv6 latencyto be muchhigher than that of IPv4at this stage.

1 The percentage of fifec that uses IPv6 on the Internet is a general indication of uptake of IPv6,
although numerous caveats must be stressed.

At free.fr, a French IPv6enabled ISP,IPv6 traffic per optin customer represented on

average some 3% of e dic ih Octobes 2009n{400 608, orgli0% bfa | t
subscribers, opted in).

At one ofthe largest IXB, AM-1X, 0.3% of the total traffic exchanged waBv6.
iii) Survey data, June and September 2009

Operator surveys in the RIPE and APNIC service areas laenehedby GNKS/TNO on behalf of
the European Commission in 2080T hey provi de some insight on net
deployments and perceived barriers. In particular, levels of deployment seem similar in tRad\ia
region and Europdahe MiddleEast and parts of Central Asiaack of vendor support remains a barrier to
IPv6 deployment as does the lack of business models.

The European and AsidPacific regions hal similar levels of IPv6 deployment although there
seemed to be more entities with péan to deploy in the RIPE region than in the APNIC
region.

The European and AsidPacific regionsboth found IPv6 traffic to be mostly insignificant (for
approximately 80% of respondentsiiowever, 7% of APNIC respondents claimed to have
equal or more IPv@raffic than IPv4 traffic, compared with 2% of RIPE respondents.

Those respondents that were not implementing IPv6 saw cost as a major barrier (over 60%),
while for those that were implementing IPv6 it was less of a barrier (about 40%). The primary
obstade for those implementing IPv6 was the lack of vendor support.

INTERNET ADDRESSINGMEASURING DEPLOYMENTOF IPV6



10 | INTRODUCTION

Figure 1. Stylised view of the Internet
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SUMMARY OF INDICATOR S CONSIDERED

Type of data

Why is it important?

I ndicator(s) considered and selected data
points

RIR allocations/
assignments of
IPv6 address spac

RIR allocations/assignments of IPv6

addresses show interest in potential IP
deployment, since obtaining IPv6 addre
space is a first step in deploying IPv6.

Number ofIiPv6 prefixes (address blockshich
have beemllocated/assigned by the RIRs

Size of IPv6 prefixes allocated/assigned

IPv6 global
routing tables

The IPv6 global routing tables show the
networks( i Aut onomous
fi A S etlsabaye to some extecapable o
handling IPv6 trafficASes peer with one
another to exchange traffic.

Number of puted IPv6 prefixes
Number oflPv6-enabled networks

Top IPv6 networkdy interconnectedness
(adjacencies)

IPv6 support by
IXPs, ISPs and
transit providers

As key infrastructure to exchange local
Internet traffic,Internet eXchange Point
(IXP) support of IPV6 is a preequisite
for fast andnexpensive IPv6
connectivity.IPv6 service offering by
Internet Service Providers (ISPs) and
transit providers is also key.

- Top countries by number of ISPs offering nati

Percentage of Internet eXchange Points that
support IPv6

IPv6 service

Top countries by number of native IPv6 transi
providers

INFRASTRUCTURE READINESS

End-host readines:
for IPv6

The penetration of operating systems t
suppat IPv6 by default indicates ¢h
number of Internet computedgvices
(Aetmodst so) t hat
IPV6.

co

IPv6-capable Operating Systems (OSs) and
market penetratian

Top countries by number of products approve
the | Pv6 FeadydgodregramP v ¢

IPv6 support in the
Domain Name
System (DNS)

IPv6 support in thelomain name systern|
enablesIPv& nabl ed comp
to reach other IPv&nabled computers.
DNS data also helps indicate IPv6 supj
by content providers.

- Registered domains returning IPv6 records

Number of rod serversaccessible over IPv6
Top-level domain (TLDs) suppodf IPv6

Relative latency of IPV®NS resolutiornversus
IPv4

Percentagef the top one million websites
(ranked by Alexa) wittan IPv6 website

End-user IPv6

Enduser systems that chose IPv6 whe

Percentage of endser systems in a given

connectivity given the choice (duatack) and endisery  population that chose IPv6 if given a choice of
0 systems that have IPv6 connectivity ar¢  dual stack service poiit.
o two very important indicators of IPv6
>_ .
Y uptake by users. They are particularly
= . .
N E important forcontent provider?
D
a) &E’ Traffic levels |The percentage of traffic that uses IPv€ - Percentage of IPv6 traffic at aRu6-enabled ISF
Z . . . .
| the Internet is a general indication of | _ pgrcentage of IPV6 traffic at an Internet eXche
uptake of IPv6, khough numerous Point
caveats must be stressed.
x . Operator surveys Such a survey provides information - Surveysof network operators the RIPE and
@) Q in the RIPE and |planned deployments and perceived APNIC service arelaunched by GNKS/TN®@n
K LW APNIC service |barriers. behalf of theEuropean Commissidh
Tl areas
o
o9
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1) INFRASTRUCTURE READI NESS

IPv6 address allocations/assignments by RIRs
Number ofIPv6 prefixesallocated/assigned by the RIRs

Obtaining an IPv6 assignment/allocation from a Regional Internet Registry iGiR) first stegor
an entity interesteth deployment ofPv6. Entities can and are going through the RIR processes to obtain
IPv6 allocations. The number of allocated prefixes provides an indiaaititte number of organisations
interested in implementing the IPv6 protocol.

Several caveats warrant stressing in using RIR assignment data. First, allocation of poefixestd
indicate actual use of these prefix8gcond, allocations do not show sllcations from Local Internet
Registries (LIRS) to other entiti€s.

By early 2010, the RIRs had made a cumulated total of over 4 100 allocations. OECD countries
accounted for 75%f the IPv6 allocations. The United States was leading, accounting for over 25% of
allocated IPv6 prefixes. Next were Germany (7.1%), Japan (6.3%), the United Kingdom (5.1%), the
Netherlands (3.8%), and Australia (2.7%).

Figure 2. Numbers of IPv6 allocations per year, top 8 OECD countries, 1999-2009
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Source: OECD based on RIR assignment data, 1 January 2010.

While Japan had an early lead in IPv6 deployment after its 2001 national strategy for the adoption of
IPv6 (e-Japan), other countries have been catching up (Figure 2). In particular, there was a surge in the
number of IPv6 allocations in the United States starting in 2007. In 2007, 200 IPv6 prefixes were
registeredn the United States, followed by 220 in 200&aover 360 in 2009. This surge, at least at the
beginning, was | ikely linked in part to the mand
(OMB) for alll agenciesd infrastructure (network
interfacing with this infrastructure by June 2008. Several other countries have also taken a lead in
deploying IPv6 networks and the number of allocations in other countries also increased iFd@008.
example, the Australian Government Information Managen@fite has a revised Strategy for the
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Transition to IPv6 which will see Australian Government agencies being IPv6 capable by the end of 2012.
Similar initiatives and numerous awareness campaigns exist in other cotintries.

Figure 3. Number of prefix allocations by region, 1999-2009
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Source: OECD based on RIR assignment data, 1 January 2010.

By number of allocations of address blocks, the RIPE region is clearly leading, and shows extremely
large growth in 2008 anddP9 (Figures 3 and 4). In 2009, the RIPE NCC received about 500 requests from
carriers for blocks of IPv6 address space, compared to 440 in 2008 and 164 in 2007. Likewise, ARIN
allocations are increasing at a very fast rate, and surpassed APNIC in 200€. ds many allocations,
but has been growing at a slower pace. LACNIC and AfriNIC have comparatively fewer allocations, with
LACNIC growing slightly faster than AfriNIC. Cumulatively, there have been over 4 000 address block
allocations and it appeattsat growth in allocations of IPv6 addresses increased significantly as of 2007.

It should be noted thaiegional policies havan impact orprefix allocationsln particular policies
relating to provideindependent address allocatidnsRIRsto end erities vary across regions. Provider
independent address allocatiofwshich are/48 in size) enableendusers to change service providers
without renumbering their networks and to use multiple access providers iFhomkid configurations.

In total, aboutl5% of RIR allocations (617 out of0D0) wereproviderindependent address allocations to
end entitiedby early 2010i(e. of a /48 in sizg For example, bthe 1037 allocations of IPv6 address
recorded as being made to country code US, 331 ar@ K24 which may skew somewhat the results for

the ARIN regionIn addition, the top position of the RIPE region may be due at least in part to the number
of countries that are served by RIPE NCC and each country having several ¢8€s.cRanges are
bdieved to be responsible for tigegowthin allocationsat RIPE NCC and APNIC in 2002 (miD02, RIPE

NCC, APNIC and ARINinstituted policy changes regarding IPv6 allocation

Figure 4. Distribution of IPv6 Allocations by number of allocations, year-end 2009
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Size of IPv6 allocations allocated/assigned by RIRs

The size of IPv6 allocationsould in some cases help indicate the scale of planned deploygnts
this measure, the Latin American and Caribbean region services by LACNIC would appear to be close to
largescale deployment of IPv6 (Figure 5). However, it is difficult to use at an aggregate level because
extremely large allocations were made to someratprs, national Internet registries and large users. In
addition, the same caveats as for the number of IPv6 allocations apply (addresses are not necessarily used
and sukallocations from NIRs and LIRs are not detailed).

Extremely large allocations wermmade to National Internet Registries (NIR), for example by
LACNIC to the Brazilian NIR in 2008, for further assignment to Local Internet Registries (LIRS),
including ISPs(Figure 6) In addition, many large IPv6 prefix assignments were to telecommumicatio
operators. For example, Deutsche Telekom and France Telecom were each allocated a /19 prefix in 2005.
To illustrate the size of some of these prefixes, the allocation in 2006 of a /20 to Telecom Italia represented
268435456 (2% customers, under thessumption of each customer receiving a /48 and each customer
having up to & (65536) local area network8.

The policy basis under whickome ofthese allocations were madeon the basis of providing
sufficient IPv6 addresses to convert existing IPwdrastructure to dual stack operatiomithout
incremental cost to requesters and without any obligation to demonstrate IPv6 deployed infragtructure
means that requesting and being granted allocatibiBv6 addressedoes not necessarily mean actively
planning to deploy IPv@s a customer service.

Figure 5. Size of RIR IPv6 allocations to date Figure 6. Evolution of RIR IPv6 allocations by size
Measured in /32s, year-end 2010 Measured in /32s, year-end 2010
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Source: OECD based on RIR assignment data, 1 January 2010.
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IPv6 global routing tables™®

Once an organisation has been all ocated/ assigne
Internet routes tdie address blocKprefixes)used must be published in the routing tabldserefore the
data in the global routing table provides a better indicatiorpasfsible use ofPv6, compared to
allocatedassignedPv6 address space.

The routing table reflectthe addressable IP networks (called autonomous systems) that can be
reached through IPv6, which A&imbers are being used, which prefixes are being routed and other
relevant informationThe routers connecting ISPs and businesses connected to multipldetgRaine
how to forward packets based on the contents of the IPv6 routingt&@ueder Gateway Protocol (BGP)
routing tables provide snapskaf Internet topologyver time

Box 2. General caveats associated with data from the global routing tables

- While the routing table may provide a good track of the deployment of "native" IPv6 addresses, it does not take into
account the use of "special" types of IPv6 addresses for different transition mechanisms, as in the case of 6to4 and
Teredo, where the IPv6 address is synthesised from an IPv4 address.

- As with IPv4, allocated IPv6 address space is not necessarily advertised in the routing system.

- Some public IPv6 addresses may be used in private networks and therefore are not visible in public routing tables.

- The routing tables indicate capability of supporting IPv6 in routing, rather than actual use of IPv6 in services or
traffic.

- The RIRs record the country of the entity to which the address was assigned / allocated, and this may be different
to the recorded country of the assigned AS number which originates the IPv6 address, and may also be different to
the country in which the Internet service is being provided.

Routed IPv6 prefixes

Routed prefixes, which represenarp of the prefixes allocated, provide a better indicatizan
allocated prefixesf how many and where addresses are being used.

Analysis of thelnternet's global routing tableonducted by the NRO shows the number of IPv6
prefi xes fiearouedanthe mublionternet, over timeigure7 shows the number of entries in
the global IPv6 routing table from January 208#ough2002 2 500 separate IPv6 routes were being
advertised by early January 2018, 60% of the total number of prefixedadated were being advertised.
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Figure 7. Routed IPv6 prefixes, total, 2004-2009 Figure 8. Routed IPv6/IPv4 prefixes, 2004-2009
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Source: ITAC/NRO Contribution to the OECD, Geoff Huston and George Michaelson, data from end of year 2009.%

These 500 advertised IPv6 prefixes compare to some(@IBadvertised IPv4 prefixes early January
2010: some 0.8% of prefixes announced in the Internet routing system are IPv6 [jFefuess). Figure
8 also shows that the IPv6 network has been growing at a faster rate, in terms of number of routing entries,
than IPv4 since mi@007.

Several strong caveats are in order. Most importandpers deem that it is not meaningful to
comparethe number of IPv6 and IPv4 routes because of the fragmentation of the IPv4 address space: for
various r eas onAuonomauses tnemsvwrkrs ffASesod) advertise
as fAfragmentati ono) andfewerl®vb rodtels en atpar meevorbbadisegd, s i gn
the average number @Pv4 routing table entries per origin AS @&most10 compared td..3 IPv6 entries
per origin AS.In addition, he IPv6 routing tables are very small compared to IP6 6 pr ovi der
ind e p e nredixed have not been deployed significardiyd small events or mistakes can trigger large
variations in the numbers of prefixes announced.

Figure 9. Number of IPv6 prefixes advertised per country (January 2010)

Source: SixXS, beginning of year 2010.
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