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Qui del i nes for Managenent of |P Address Space

Status of this Meno

This meno provides information for the Internet conmunity. It does
not specify an Internet standard. Distribution of this nmeno is
unlimted.

Abstract

Thi s docunent has been reviewed by the Federal Engi neering Pl anning
Goup (FEPG on behalf of the Federal Networking Council (FNC), the
co-chairs of the Intercontinental Engineering Planning Goup (IEPG,
and the Reseaux |P Europeens (RIPE). There was general consensus by
those groups to support the reconmendati ons proposed in this docunent
for managenent of the |IP address space.

1.0 Introduction

Wth the growmth of the Internet and its increasing globalization

much t hought has been given to the evol ution of the network nunber

al I ocati on and assi gnnment process. RFC 1174, "ldentifier Assignnment
and Connected Status", [1] dated August 1990 recommends that the
Internet Registry (IR) continue as the principal registry for network
nunbers; however, the IR may allocate bl ocks of network nunbers and
the assignment of those nunbers to qualified organizations. The IR
will serve as the default registry in cases where no del egated
registration authority has been identified.

The distribution of the registration function is desirable, and in
keeping with that goal, it is necessary to develop a plan which
manages the distribution of the network nunber space. The demand for
networ k nunbers has grown significantly within the last tw years and
as a result the allocation of network nunbers nust be approached in a
nore systenmatic fashion.

Thi s docunent proposes a plan which will forward the inplementation

of RFC 1174 and whi ch defines the allocation and assi gnnment of the
networ k nunber space. There are three major topics to be addressed:
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1) Qualifications for Distributed Regional Registries
2) Allocation of the Network Number Space by the Internet Registry
3) Assignnent of the Network Numbers

2.0 Qualifications for Distributed Regional Registries

The major reason to distribute the registration function is that the
Internet serves a nore diverse global population than it did at its
inception. This neans that registries which are located in distinct
geographic areas nay be better able to serve the local comunity in
terns of |anguage and | ocal custons. Wile there appears to be wi de
support for the concept of distribution of the registration function
it is inportant to define how the candi date del egated registries wll
be chosen and from whi ch geographi c areas.

Based on the growth and the maturity of the Internet in Europe, North
Anerica, Central/South America and the Pacific RRmareas, it is
desirable to consider delegating the registration function to an
organi zation in each of those geographic areas. Until an

organi zation is identified in those regions, the IRw Il continue to
serve as the default registry. The IR remins the root registry and
continues to provide the registration function to all those regions
not covered by distributed regional registries. And as other regions
of the world beconme nore and nore active in the Internet, the

I nternet Assigned Numbers Authority (1ANA) and the IR may choose to

| ook for candidate registries to serve the popul ations in those

geogr aphi c regions.

It is inmportant that the regional registry is unbiased and and wi dely
recogni zed by network providers and subscribers within the geographic
region. It is also inmportant that there is just a single regiona
regi stry per geographical region at this level to provide for
efficient and fair sub-allocation of the address space. To be
selected as a distributed regional registry an organi zati on shoul d
nmeet the following criteria:

a) networking authorities within the geographic area
legitimze the organization

b) the organization is well-established and has
| egitimacy outside of the registry function

c) the organization will comrit appropriate resources to

provide stable, tinely, and reliable service
to the geographic region,
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d) is coomitted to allocate I P nunbers according to
t he gui delines established by the | ANA and the IR and

e) is cormmitted to coordinate with the IR to establish
qualifications and strategies for sub-allocations of
the regional allocation

The distributed regional registry is enpowered by the I ANA and the IR
to provide the network nunber registration function to a geographic
area. It is possible for network applicants to contact the IR
directly. Depending on the circunstances the network subscriber may
be referred to the regional registry, but the IRw Il be prepared to
service any network subscriber if necessary.

3.0 Allocation of the Network Number Space by the Internet Registry

The C ass A portion of the nunber space represents 50% of the total

| P host addresses; Cass Bis 25%of the total; Cass Cis
approximately 12% of the total. Table 1 shows the current allocation
of the I P network nunbers.

Tot al Al'l ocat ed Al'l ocated (%
Class A 126 49 38%
Class B 16383 7354 45%
Class C 2097151 44014 2%

Tabl e 1: Network Number Statistics (Muy 1992) [ 2]

G ass A and B network nunbers are a linmted resource and therefore
all ocations fromthis space will be restricted. The entire Oass A
nunber space will be retained by the 1ANA and the IR No allocations
fromthe Cass A network nunbers will be nmade to distributed regi ona
registries at this time. (See section 4.1.)

Al'l ocations fromthe Cass B network nunber space will be restricted
al so. Small blocks of nunbers may be allocated to regiona
registries, which will be required to ensure that the allocation
guidelines are met. The IRw Il nonitor those allocations. (See
section 4.2.)

It is proposed that the IR and any designated regional registries,
al | ocate addresses in conformance with this overall schene. Were
there are qualifying regional registries established, prinmary
responsibility for allocation within that block will be delegated to
that registry. It should be noted that the Reseaux |P Europeens

Net wor k Coordi nati on Center (Rl PE NCC) had been allocated a bl ock of
O ass C addresses (193.0.0 - 193. 255.255) prior to the adoption of
this proposal. The RIPE NCC has agreed to allocate the addresses
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within that block according to the guidelines stated in this RFC

The C ass C network nunber space will be divided into all ocatable

bl ocks which will be reserved by the 1ANA and IR for allocation to
distributed regional registries. |In the absence of designated

regi onal registries in geographic areas, the IR w Il assign addresses
to networks within those geographic areas according to the Class C

al | ocati on divi si ons.

I nspection of the dass CIP network nunbers shows that the nunber
space with prefixes 192 and 193 are assigned. The remai ning space
fromprefix 194 through 223 is nostly unassi gned.

The 1ANA and the IR will reserve the upper half of this space which
corresponds to the I P address range of 208.0.0.0 through

223. 255. 255. 255. Network nunbers fromthis portion of the Cass C
space will remain unallocated and unassigned until further notice.

The renai ning Cass C network nunber space will be allocated in a
fashi on which is conpatible with potential address aggregation
techniques. It is intended to divide this address range into eight
equal Iy sized address bl ocks.

192.0.0.0 - 193. 255. 255. 255
194.0.0.0 - 195. 255. 255. 255
196.0.0.0 - 197.255. 255. 255
198.0.0.0 - 199. 255. 255. 255
200.0.0.0 - 201.255. 255. 255
202.0.0.0 - 203. 255. 255. 255
204.0.0.0 - 205. 255. 255. 255
206.0.0.0 - 207.255. 255. 255

Each bl ock represents 131,072 addresses or approxi mately 6% of the
total Class C address space.

It is proposed that a broad geographic allocation be used for these
bl ocks. At present there are four major areas of address allocation
Europe, North Anerica, Pacific Rm and South & Central Anerica.

In particular, the top level block allocation be designated as
fol | ows:
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Mul ti-regional 192.0.0.0 - 193. 255. 255. 255
Eur ope 194.0.0.0 - 195. 255. 255. 255
O hers 196.0.0.0 - 197.255. 255. 255
North America 198.0.0.0 - 199. 255. 255. 255
Central / Sout h

Anerica 200.0.0.0 - 201.255. 255. 255
Pacific Rm 202.0.0.0 - 203. 255. 255. 255
O hers 204.0.0.0 - 205. 255. 255. 255
O hers 206.0.0.0 - 207.255. 255. 255

It is proposed that the IR and any designated regional registries,
al | ocate addresses in conformance with this overall schene. \Were
there are qualifying regional registries established, prinmary
responsibility for allocation fromw thin that block will be

del egated to that registry.

The ranges designated as "Qthers" permt flexibility in network
nunber assignnments whi ch are outside of the geographical regions
already all ocated. The range listed as nulti-regional represents
net wor k nunbers whi ch have been assigned prior to the inplenentation
of this plan. It is proposed that the 1ANA and the IR will adopt
these divisions of the Oass C network nunber space and will begin
assi gni ng network nunbers accordi ngly.

4.0 Assignnent of the Network Nunmber Space

The exhaustion of the I P address space is a topic of concern for the
entire Internet community. This plan for the assignnent of Cass A
B, or CIP nunbers to network applicants has two maj or goals:

1) to reserve a portion of the I P nunber space so that it nmay be
available to transition to a new nunbering plan

2) to assign the Cass C network nunber space in a fashion which
is conpatible with proposed address aggregation techni ques

4,1 dass A

The C ass A nunber space can support the |argest number of unique
host identifier addresses and is also the class of network nunbers
nmost sparsely populated. There are only approximately 11 O ass A
net wor k nunbers which are unassi gned or unreserved, and these 11
networ k nunbers represent about 9% of the total address space.

The 1ANA and the IR w Il retain sole responsibility for the
assignnent of O ass A network nunmbers. The upper half of the dass A
nunber space will be reserved indefinitely (IP network addresses
64.0.0.0 through 127.0.0.0). Wile it is expected that no new
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assignnents of Class A nunbers will take place in the near future,
any organi zation petitioning the IR for a dass A network nunber wll
be expected to provide a detailed technical justification docunenting
network size and structure. Class A assignments are at the | ANA' s

di scretion.

4.2 Cdass B

Previ ously, organi zations were recommended to use a subnetted C ass B
networ k nunber rather than nmultiple Cass C network nunbers. Due to
the scarcity of Oass B network numbers and the underutilization of
the C ass B nunber space by nobst organi zations, the reconmendation is
now to use multiple Cass Cs where practical

The restrictions in allocation of Cass B network numbers nay cause
some organi zations to expend additional resources to utilize nultiple
G ass C nunbers. This is unfortunate, but inevitable if we inplenent
strategies to control the assignnent of O ass B addresses. The
intent of these guidelines is to balance these costs for the greater
good of the Internet.

4.2.1

Organi zations applying for a dass B network nunber should fulfill
the following criteria:

1) the organization presents a subnetting plan which docunments
nmore than 32 subnets within its organi zati onal network

AND
2) the organization has nore than 4096 hosts

Organi zations applying for a Oass B network nunmber must submit an
engi neering plan that docunents its need for a Cass B network
nunber. This docunment nust denonstrate that it is unreasonable to
engineer its network with a block of class C network nunbers. The
engi neering plan nust include how many hosts the network will have
within the next 24 nonths and how nany hosts per subnet within the
next 24 nont hs.

The subnitted engineering plans will be held in strict confidence by
the Internet registries and will only be used to judge whether an
application is justified. If it is deened that the applicant’s

engi neering plan, including the nunber of hosts and subnets, does not
warrant a C ass B assignnent, the applicant will be allocated a bl ock
of Cl ass C addresses.
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There nay be sone circunstances where the organi zation is unable to
utilize a block of dass C network nunbers and does not mneet the
suggested criteria. |In such cases, the engineering plan should
clearly denmonstrate their inability to utilize a block of dass C
net wor k nunbers

4.2.2

The IR may allocate snall bl ocks of Cass B network numbers to
regional registries if so doing will inprove the service that is
being provided to the community. The IR may issue nore specific

gui delines for the further assignnent of the nunbers which will be
consistent with the stated guidelines. The IR nmay require accounting
of the block assignnent including receipt of the applicants’

engi neering plans. The IR may audit these engineering plans to
confirmthat the assignments are consistent with the guidelines.

4,3 dass C

Section 3 of this docunent reconmends a division of the Cass C
number space. That division is primarily an admi nistrative division
whi ch lays the groundwork for distributed network nunber registries.
This section addresses assignnent of network nunbers fromw thin
regi onal block assignnments. Sub-allocations of the block to sub-
registries is beyond the scope of this paper

By default, if an organization requires nore than a single Cass C
it will be assigned a bit-w se contiguous block fromthe Cass C
space allocated for its geographic region

For instance, an European organi zati on which requires fewer than 2048
uni que | P addresses and nore than 1024 woul d be assigned 8 conti guous
class C network nunbers fromthe nunber space reserved for European
networ ks, 194.0.0.0 - 195.255.255.255. |f an organization from
Central Anerica required fewer than 512 unique | P addresses and nore
than 256, it would receive 2 contiguous class C network nunbers from
t he nunber space reserved for Central/South Anerican networks,
200.0.0.0 - 201. 255. 255. 255

The IR or the registry to whomthe IR has del egated the registration
function will determ ne the nunmber of O ass C network numbers to
assign to a network subscriber based on the subscriber’s 24 nonth
proj ection of required end system addresses according to the
following criteria:
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Organi zati on Assi gnnent
1) requires fewer than 256 addresses 1 class C network
2) requires fewer than 512 addresses 2 contiguous class C networks
3) requires fewer than 1024 addresses 4 contiguous class C networks
4) requires fewer than 2048 addresses 8 contiguous class C networks
5) requires fewer than 4096 addresses 16 contiguous class C networks
6) requires fewer than 8192 addresses 32 contiguous class C networks
7) requires fewer than 16384 addresses 64 contiguous class C networks

If the subscriber’s network is divided into |logically distinct LANs
across which it would be difficult to use the given nunber of Class C
networ k nunbers, the above criteria nay apply on a per-LAN basis.

For exanple, if a subscriber has 600 hosts equally divided across ten
Et hernets, the allocation to that subscriber could be ten dass C
networ k nunbers; one for each Ethernet. The subscri ber would have to
support the request with to deviate fromthe stated criteria with an
engi neering plan.

These criteria are not intended to cause a subscriber to subnet d ass
C networ ks unneccessarily. Although, if a subscriber has a snmal
nunber of hosts per subnet, the subscriber should investigate the
feasibility of subnetting Cass C network nunbers rather than
requesting one Cass C network nunber for every subnet. |In cases
where the lack of Cass C subnetting would result in an extravagant
wast e of address space, the registries may request an engi neering
pl an detailing why subnetting is inpossible.

If a subscriber has a requirenent for nore than 4096 unique IP
addresses it could conceivably receive a Cass B network nunber.
However, there are cases where a subscriber may request a |arger

bl ock of Cass C network nunbers. For instance, if an organization
requi res fewer than 8192 addresses and requests 32 Cass C network
addresses, the regional registry may honor this request. The maxi mal
bl ock of Cass C network nunbers that should be assigned to a

subscri ber consists of 64 contiguous Cass C networks. This woul d
correspond to a single IP prefix of 18 bhits.

Exceptions fromthe above stated criteria will be determi ned on a
case- by-case basis.

5.0 Concl usion

This proliferation of class C network nunbers may aid in retarding
the dispersion of class A and B nunbers, but it is sure to accelerate
the explosion of routing information carried by Internet routers.

I nherent in these recommendations is the assunption that there wll
be nodifications in the technology to support the |arger nunber of
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net wor k address assignnments due to the decrease in assignnents of
Class A and B nunbers and the proliferation of Cass C assignments.

Many proposal s have been nmade to address the rapid grow h of network
assignnents and a di scussion of those proposals is beyond the scope
and intent of this paper.

These recomendati ons for managenent of the current |P network nunber
space only profess to delay depletion of the |IP address space, not to
postpone it indefinitely.
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