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Foreword

:2014(E)

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,
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Introduction

This part of ISO/IEC TR 29181 is the second part of this Technical Report on Future Network — Problem
statement and requirements developed by ISO/IEC JTC1 SC6. As ISO/IEC TR 29181-1 provides an overall
perspective of the missions and requirements of the FN project, this part of ISO/IEC TR 29181 focuses
on the issue of naming and addressing. The objective of this part of ISO/IEC TR 29181 is to discuss how
to develop a clean slate designed new naming and addressing schemes (NAS) to help FN project achieve
its lofty ambitions.

Naming and addressing schemes are the cornerstones of telecommunication networks and information

systems. N
influence
top priori

NAS plays
a clean sla

!

AS designs not only provide fundamental building blocks for network designs, but cang
etwork characteristics, performance, and capabilities. Therefore, NAS needs to be among
es of network design projects.

An even more importantrole in FN. As a project aimed at designing a totally newrdetwork w
Le design approach, FN has to produce a clean slate designed naming and add¥éssing sche
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hs the new network has to produce a network structure which would allow informatior

smoothly, fast, and securely among various networks _with various kinds of naming 3
b structures, designing a new NAS which would not only function within the new system,
perate with other naming and addressing systems (sueh as old systems like DNS or teled
hnd new systems such as RFID and sensor networks)\is a very challenging task.

lg evolutionary approaches which seek to ‘engage gradual improvement with availg

technolog

es while protecting the integrity of overall’structure of old networks, a new scheme

produce a fotally new naming and addressing scheme: A clean slate design needs thorough analysis,
ing of the demand, careful planning,.and collective work. In order to achieve the maximjum
benefits and find the best solution, a strategic plahning document is needed before specific schemes
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Scope

s part of ISO/IEC TR 29181 describes the general characteristics of Future Network n
[ressing schemes, including problem statements, requirements, design objectives, gap an
elopment directions.

Problem Statements: The characteristics and problems of existingNAS in existing ne
be discussed.

Technical Challenges: A list of major technical challenges to @sstre that the FN-NAS will
provide solid technical support from the base level to meet the objectives of FN.

Requirements: The general characteristics of Future-Network are discussed and their
NAS design.

Gap analysis: Examines the gap between existing network NAS and future network pe
expectations.

Annex A, FN-NAS Standardization Plan,“design objectives, gap analysis, development
onological scenarios for future networkshaming, and addressing guidance are described i

pugh this part of ISO/IEC TR 29181 mainly presents a list of up-to-date surveyed
uirements, and plausible techniques for Future Network, it does not mean that all of thos
lied to a single Future Netwoerkin common, since the naming and addressing scheme can
he various networks, such.dsglobal networks, local networks, access networks, mobile net
specific Future Network js designed and implemented, some appropriate parts of ISO/IE(
1ld be considered depending on its network usage and its characteristics.

Terms and Pefinitions

the purpdases of this document, the following terms and definitions apply.

hming and
hlysis, and

work will

be able to

impact on

rformance

guidance,
n detail.

problems,
b would be
be applied
iworks, etc.
TR 29181

uré Network naming and addressing schemes
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Note 1 to entry: The system may design new naming schemes, new addressing schemes or an integrated scheme
that combines identification and location.

2.2

naming
scheme which gives identity to every computer or object connected with the network or the party who
is going to send or receive information from the network

© ISO/IEC 2014 - All rights reserved
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2.3
addressing
scheme which provides information on the point, where sender or receiver is located in the networks

Note 1 to entry: It contains two mechanisms, one is to define the location (address format) and another is to
specify how to find the addresses.

2.4

naming authority pointer
NAPTR

type of DNS resource record, used in particular (but not only) which is used for E.164 telephone number
to URI resplution

[SOURCE: [ETF RFC 3403(NAPTR)]

2.5
routing lgcator
RLOC
sddress offan ETR

Note 1 to enjtry: Typically, RLOCs are numbered from topologically- aggregatable blocks'that are assigned to a fite
at each point to which it attaches to the global Internet.

[SOURCE: [ETF RFC 6830 (LISP)]

2.6
end pointjidentification
EID
address uged in the source and destination fields of the most inner LISP header of a packet

Note 1 to dntry: The host obtains a destination EID the same way it obtains a destination address today. The
source EID[is obtained via existing mechanisms used to.set a host’s “local” IP address.

[SOURCE: [ETF RFC 6830 (LISP)]

2.7
ingress tynnel router
ITR
router thaf resides in a LISP site

Note 1 to entry: Packets sent by.sources inside of the LISP site to destinations outside of the site are candidates
for encapsylation by the ITR.(The ITR treats the IP destination address as an EID and performs an EID-to-RLOC
mapping lopkup.

[SOURCE: |[ETF RFC 6830 (LISP)]

2.8
egress tunnelrouter
ETR
router that accepts an IP packet where the destination address in the “outer” IP header is one of its own
RLOCs

Note 1 to entry: In general, an ETR receives LISP-encapsulated IP packets from the Internet on one side and sends
de-capsulated IP packets to site end-systems on the other side. ETR functionality does not have to be limited to a
router device. A server host can be the endpoint of a LISP tunnel as well.

[SOURCE: IETF RFC 6830 (LISP)]

2 © ISO/IEC 2014 - All rights reserved
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2.9
EID-to-RLOC database
global distributed database that contains all known EID-prefix to RLOC mappings

Note 1 to entry: Each potential ETR typically contains a small piece of the database: the EID-to-RLOC mappings
for the EID prefixes “behind” the router.

[SOURCE: IETF RFC 6830 (LISP)]

2.10

locator
LO
netfjwork layer topological name for an interface or a set of interfaces

Note 1 to entry: LOCs are carried in the IP address fields as packets that traverse the network
[SQURCE: ITU-T Y.2015 (2011)]

211
nogle ID
ideptifier used at the transport and higher layers to identify the node as well as the endpoint of a
commmunication session

Noﬂe 1 to entry: A node ID is independent of the node location as well asithe network to which the node|is attached
so ghat the node ID is not required to change even when the node.changes its network connectivity by physically
moying or simply activating another interface.

[SQURCE: ITU-T Y.2015 (2011)]

212
ID/LOC mapping storage function
stofres the mapping of NGN identifiers, node IDs, and LOCs

[SQURCE: ITU-T Y.2015 (2011)]

2.13
addlress
ideptifier for a specific termination point and is used for routing to this termination point

[SQURCE: ITU-T Y.2091 (2014)]

2.14
identifier
serjies of digits, characters, and symbols or any other form of data used to identify subscriber(s), user(s),
netfwork elenient(s), function(s), network entity(ies) providing services/applications, or othler entities
(e.g. physicaljor logical objects)

[SqQURGE! ITU-T Y.2091 (2011)]

2.15
name
identifier of any entity (e.g. subscriber, network element) that may be resolved/translated into an address

[SOURCE: ITU-T Y.2091 (2011)]

3 Abbreviations

DNS Domain Name Service

EID Endpoint ID

© ISO/IEC 2014 - All rights reserved 3
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ENUM
ID

LER
LOC
NAPTR
NAS

E.164 NUmber Mapping
Identifier

Locator Edge Router
Locator

Naming Authority Pointer

Naming and Addressing Scheme

NID

RLOR
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4.2 NAS

4.2.1 T¢g

lem statements

Node ID

Routing Locator

ning and Addressing in Network Operation

nd addressing are an engineering approach to computer negworking, and are two clog
e schemes in any network designs. Both names and addresses‘uniquely identify a host (or
n the host) Naming is a scheme which gives identity to every computer or object connec
ptwork or the party who is going to send or receive information from the network. -.

b is a scheme which provides information on the peint where receiver node is located in
[t contains two mechanisms in a single address field; one is to define the location and anot
'y how to find the addresses

, due the explosive growth of devices (especially mobile devices) and sites, scalability :
ecome hot issues to the future network:

ation networks (composed of telecom networks and computer networks) are designed

ely
an
ted

the
her

hnd

to

rmation from one point to anether remote point or from one person to another person

Therefore, a network systém must contain the naming and addressing schemes as the
fal protocols so that thé telecommunication networks and information systems know w
to send the information effectively and efficiently.

Types

lecom Network Naming and Addressing Schemes — addressing mode

Thefirstg

system sendirig analogue signals through circuit switches and copper lines (or modernized fiber opt
lines). Thlmmwwmwmm#mwummmwm

bnenation of network is the traditional telecom network which is typically known for teleph

duct the delivery, the sender must know the other party’s name and where the other pﬁ

In
rty
ost
om

bne
cal

164

numbering system has been being used. The phone numbers have two different characteristics. One is a
pure object identifier (a name), the other is function as an address.

For fixed line communication in first generation telecom networks, the fixed line telephone number is a
simply address mode. A phone number actually contains information about the location and path. Fixed
line telephone number is a system that mostly relies on addressing schemes. Furthermore, the E.164 is
regarded as an easy-to-remember well organized addressing scheme.

Note: For example, when people dial number 861088888888,the telecom switch instantly know the
identification of the party been called, but also knows which country (86) which city (10) and which
location (88888888) the party is located. The telephone address is fixed, but the person who was called
is unsure or not a requirement for communication.

© ISO/IEC 2014 - All rights reserved
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Name : 861088888888 (phone number)
—® Address: China (86), Beijing (10), Phone
Number: 88888888

Communication
Requester

Figure 1 — Addressing Mode NAS (Telecom network)

4.2r2— Telecom Network Naming and Addressing Schemes — naming mode

Other than the fixed line telecom networks, there is another type of network which sendsiCommunication
sighals not through wire but through the air, mobile telecom network, in which E.164-number]ng system
is dlso being used. In these kinds of networks, the same E.164 addressing does not provide the location
(or|[device name) and path at the same time. The address is just a device name onlyywhile moblle telecom
netfwork provides the path to the point where the device name is located using location manggement.

Name : 1088888888 (cell number)
Communication 2

Requester N\
() Location Management
¢\

./ Location
L
Figure 2 — Naming Mdde NAS (Mobile Telecom network)

4.2.3 Computer Network Naming.and Addressing Schemes — dual mode

Angpther generation of network is represented by Internet which mostly sending digital signalls through
royters and fibre optical backbones to connect computer hosts. In computer networks (Internet), there
is glso an address only comniunication mode. Internet address is composed of subnet prefix and host
Ideptification, where host.identification is to locate the host, while subnet prefix is advertised to the
royters for routing patht

Singe the internet address itself identifies a host or subnet, it faces some serious problems: (1)[it does not
scaﬁe well due-tothe finite address size limitation, (2) due to the renumbering, occurring whenever the
netfwork topologies change, more addresses are required, (3) the increased size of address fjeld comes
to be heavy especially in the short data payload packet, and (4) the size-increased addresfs is worse
human‘understandable.

Since even though tf F refatively shorter than that of 1P is not still
human friendly, the name is used and translated via DNS server. It means two or more names can be
assigned to the same host or site.

There is a dual mode NAS in telecommunication and information networks, in which both name and
address are required for information exchange. IP based computer networks are typical dual mode NAS.
IP network communication relies on domain name and IP addresses which are two different structures.
Most of the computer communication involves a process inputting a domain name, finding matches
involving a DNS server and converting into registered IP address.

© ISO/IEC 2014 - All rights reserved 5
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'{ Name ( DNS Server ) J
Information
Requester _
 J
IP Address J
rlgul e 3— Dual Mode NAS ﬁ? metwor k)

4.2.4 .Computer Network Naming and Addressing Schemes — naming mode

While the|current internet address identifies a subnet and a host in a same address)field, the other
alternative is to separate hostidentification and subnet routing path. A same addressfermat is separated

into two ngw numbering spaces: an host identifier (or name) and routing locator. Edchhost has a glob

unique ID(jor EID) or name. Packet with EID is sent to the default locator routerRouting Locator, or I

11y
['R)

which thep map EID to destination RLOC using EID-to-RLOC database. The packet will be traverged
from sendfing ITR to destination ETR using conventional routing mechafism. Finally the destinatjion

ETR will deliver the packet to the destination host.

While Turinel Routers manage and maintain the routing path ameng them using the conventignal
routing m¢chanisms, the user only keeps the unique EID’s for communication. From user’s perspectjve,

the interngt access network behaves like telecom network, while the internet core itself performs
conventiofal way.

Name: EID
) (DNS Server)
Information Name:EID & l
Requester UTR)
xO
\{‘ IP address: RLOC
RS

Eigure 4 — Naming Mode NAS (IP network)

4.2.5 Hybrid Network Naming and Addressing Schemes — Addressing mode

ma

Even though inpternet is widely deployed network and popular to users, (mobile) telecom network is

another p
combine them ks: A
telecom network or internet.

owerful and popular network as well. As long as two types of networks exist, it is natural to

Since E.164 numbering is more user friendly and telecom network is more widely deployed up to date, a
telephone number can be used to identify a host, while the telephone number is translated to the IP address,

Note that the use of any/multicasting changes the one-to-one association of an address wit
physical endpoint

h a

6 © ISO/IEC 2014 - All rights reserved
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Name : ENUM
(DNS Server)

NAPTR

Name: (phone number)

(PABX)

Information

Requester

Name : (DNS Server)
N

IP AddressV

o

Figure 5 — Addressing Mode NAS (Telecom network + IP'network)

4.3 Problems in Network Integration

Th
to

iintegrate existing networks.
Telecom networks and computer networks have different addressing formats.

Telecom networks and computer networks have different naming formats and different
addressing searching, transporting and forwarding.

if not impossible. Even though technigians can find technologies to allow information sha
the networks, it would be a huge effort to overhaul the existing network infrastructures

In order to avoid duplicating«ganstruction, sharing network resources, providing more

seamlessly transmitted-among networks. This is one of the objectives for Future Network

Considering the fagt that IP networks have the potential to be a platform for futur

other networks,it would bring more broad and severe problems.

4.4 NAS and Network Performance

In

hetwork designs, naming and addressing are not only essential and indispensable, but s

ocdupy top priority in design schedules. Reasons are:

©lI

e brief reviews of network naming and addressing schemeés-iridicate some problems for any attempt

method in

Many formsofnamingandaddressinginold networks makethenetworkintegrationverycomplicated,

red among

hnd better

services,thereisatendencytointegrate variouskindsofnetworksinto one systemtoallowinformation

¢ network

integration, its gwn problems should be fundamentally resolved. Otherwise, if they are spread into

hould also

Only after naming and addressing schemes are set, the whole architecture and other subsystems

such as router designs and application services can have a base to start work on.
NAS structures may affect network performances
NAS format influences network security

NAS format influences accuracy for information delivery, etc.

SO/IEC 2014 - All rights reserved
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4.5 Technical Limitations of Existing Naming and Addressing System

4.5.1 Central Registration Authority

The existing schemes require the Central registration authority, which maintains the control of
the key facilities of the Internet. This causes widely concerns of information security among the
international community.

4.5.2 Address Space exhaustion

[Pv4 addrdssing space would be in danger of exhaustion due to the increased numbers of wireless devijtes,
always-on|connections, or higher Internet adoption rates. The development and planned deploymeénit of
[Pv6 was jegarded to be a long-term solution to this problem. However, its deployment is being'delayed.
4.5.3 Name and Address Costs

The centrplized domain name registration schemes create economic burdens for‘heavy IP address
users or nations.

4.5.4 Identifier-Locator Separation

[P addresq identifies an attachment point of an IP node for data delivéry: Also It is used as a transport
layer sessipn identifier, or even by some applications as node identifierzZWhen host changes its IP addre¢ss,
transport Jayer session breaks downs, and so does application on-top of it.

4.5.5 Rquting Table

Routing taples are becoming more and more bulky. It causes problems for management and maintenapce
and incredses router work load due to the increasednumber of sites, or possibly due to the increaped
address site.

4.5.6 Vdrtical Addressing Structure

Centralized domain name system forms'a vertical addressing structure with multiple redundancy or
bottlenecks which generate or increase heavy network congestion.

4.5.7 DNS Translation

The separftion of domaimnames and IP addresses requires a Domain name to IP Address translatfion
process. Failure of DNS system may cause degradation of overall network performance.

4.5.8 Data Encryption

IPv4 can dnly, utilize data encryption (IPv6-IPSec), but its addresses cannot be encrypted. It canpot
provide addréss confidentiality.

4.5.9 Address Category

[Pv4 addresses can only provide “type” addresses, but do not provide “leveled” addresses which are
essential for high quality communication applications such as multi-media and real time information
transmissions.

1) Internet Protocol security (IPsec) uses cryptographic security services to protect communications over Internet
Protocol (IP) networks. [Psec supports network-level peer authentication, data origin authentication, data integrity,
and data confidentiality (encryption), and replay protection. The Microsoft implementation of IPsec is based on
Internet Engineering Task Force (IETF) standards.

8 © ISO/IEC 2014 - All rights reserved
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4.5.10 Policy

Existing naming and addressing schemes lacks consideration or respect for geographical or national
boundary considerations. It creates problems for national government in network management and
information security. With additional information like geographical location, it may solve the current
problems like scalability, mobility, security, etc.

4.5.11 No Address in Native Language

IP domain names and addresses schemes do not provide language (such as Chinese, Korean, Japanese,
Tatyetedirectroutin retion;andhavetorely ondomainnameconversion schemes.

atry,; Troire Ot 51U o atrtirave totrery onmaonta a o1V O

However, current domain name conversion systems do not provide multiple language supports other
n English. It does not convert domain names based on other languages such as'Chinege, Korean,

frent domain name conversion system does not provide all decimal name systems such as|telephone
mber, OID coding, mobile phone number, merchandise code, etc. Those numbers have to He inserted
intp English domain names for conversion. It makes the process complicated, reduces data sefurity, and
waktes network resources.

4.5.13 IPv6 Limitations

The major improvements of IPv6 are that it increases the length of I[P addresses and expangls address
respurces. However, IPv6 does not make significantchanges to other aspects of the IPv4 domdin naming
and addressing structure. IPv6 still carries mostiof [Pv4 problems in naming and addressing without
additional properties considering management;security and economic efficiency.

4.4 FN-NAS Development Challenges

4.6.1 Scalability

Th¢ rigid structure of centralized domain registration and hierarchical routing systems in|IPv4-IPv6
prdvent scalable networks from emerging. Scalability issues have mobility, multi-homing, renumbering,
prgvider independence routing, IPv6 impact, etc. on the today’s Internet architecture.

4.6.2 Security

Th¢ centralizedidomain name conversion and exposed IP addresses cause wide security congerns.

4.6.3  Mobility:

Cujfrent domain names and address protocols does not fit well into the future network enyironment
which will have more and more new communication devices or services such as mobile phones, RFID,
sensors, etc.

4.6.4 Quality of Service

The future network should support quality of service (QoS) from user and/or application perspectives.
The current [IP-based network naming and addressing schemes needs to give more freedom to users and
more rooms of expansion for applications.

Even though it seems that QoS may not be directly related to NAS, QoS is mentioned here since it is
closely related the routing which is based on the addressing scheme.

© ISO/IEC 2014 - All rights reserved 9
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4.6.5 Heterogeneity

Current domain names and address is incapable of providing name and address structural support for
accommodating the integrated networks.

4.6.6 Robustness:

The centralized domain name conversion and hierarchical network routing structures in current IP-
based networks is one of the causes for network congestion.

4.6.7 Cystomizability

Current npming and addressing schemes has too rigid policies and does not provide flexibility |for
customizeld network communications.

4.6.8 Edonomic incentives

Current IH especially IP domain names and addresses fee systems are too expensive for users. Befter
designed jaming and addressing structures also may produce economic incentives resulting from mpre
security apd network efficiency.

5 Requirements

5.1 Conftent Description
This secti¢n describes technical requirements for FN-NAS{design, including the following aspects:
— Systerp Requirements: Including design concepts,‘system architecture, etc.;

— Specigl NAS requirements: including address format, network space, network communicatfion
structjure, routing, DNS, communication pratocols, security, etc.

— Foresg¢eing mechanism: consider how the'Future Network will change and benefit the human society
in the[future.

— Compgtibility Requirement: considering the emergence of FN-NAS will largely influence Futpire
Netwgrk’s basic technological'designs including network space, network resources, communicatjion
proto¢ols, network architectural modes, security, QoS, routing protocols, upper layer protocpls,
interoperability, it is_desirable to have considerations and design to allow compatibility and
interoperability with\eXisting networks.

— Other§: Future @@etwork forward compatibility, future continuous development and testing and
compliance requirements.

Reasons fqr specifying these technical requirements are:

— Fromtheperspective of network performance, demonstrative Future Network’s main characteristics
and capabilities, and to show a more clear future outlook for the development of Future Network.

— To point out objectives and directions for global research on new generation networks.
— To produce clear criteria for technical assessment in the next stage (proposal evaluation)

— To provide reference criteria for other research projects in Future Network program.
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5.2 System Technical Requirements

5.2.1 System Integrity Requirement

From the perspective of system requirements,a complete NAS system should include atleastthe following
elements: naming, network space, network resources, addresses, network architecture, predictive
mathematic model, application, experiment, testing, etc. FN-NAS plan must have these elements. (From
historical experiences, some communication system may requirement single mode, such as naming only

or address only. If a proposal specifies only one mode, reasons must be given.

5.2

Bej
NA
ang
ber

.2 Intersystem Coherence Requirement

ides having many sub-systems inside FN-NAS, itis also a part of a larger Future Netwerk s
S should not only study and seek coherence among its sub-systems, but also should)seek cof
| mutual support with the larger system. FN-NAS should consider how to be _consistent, s
lefit and interoperate with other systems in Future Network. FN-NAS should not produ

ystem. FN-
npatibility
upportive,
ce conflict

witlh other systems and should avoid lowering the Future Network perfermance to meet|the lower
requirements caused by deficient NAS design.

5.2.3 Structural Requirement

5.2.3.1 Addressing Structure

Fufure Network should have a complete new addressing structure with the following requir¢ments:

— | Good human-machine interface.

— | Support conventional computing, future, gtantum computing, biological computing [and other

5.2,

Exil

computing language and various human_languages based computing, and their compat
interoperability.

Protocol, addressing format and addressing solution schemes that would form a secur

A communication method mixingvirtual layer-three circuit switchingand Layer-four packet
Directrouting networKarchitecture thatwill reduce carbon emission and produce greener
Fast and large capacity network services.

Been able to interoperate with existing networks, allowing lower cost and seamlessly {
old networks; ability to maintain forward compatibility and potential for continuous dev

3.2 Reference Architecture

sting networks mainly use two types of switching. In telecom networks (mainly telephon¢

structure supporting and satisfying the concept of authentication before communication.

ibility and
e network
switching.

networks.

ipgrade of
elopment.

b network)

cir

uitswitching isthe primmary fornr i computer metworks {rraimdy ttermet); the dormmimar

t protocol

is TCP/IP (simply referred as IP protocol) uses mainly packet switching. Future Network faces the task
of offering both data communication and video/voice communication in one network. To solve this
problem, Future Network should employ a transmission architecture model constructing a mixed layer
structure, using the layer three for virtual circuit switching to transmit video broadcasting and voice
communication while using the layer four structures for IP dada transmission.

5.2.3.3 A Network Structure mixing Virtual Circuit Switching and Packet Switching

Future network should be flexible so that it can be perceived as either packet switching network or
virtual network, as needed. It may provide both services by implementing two separate switching
mechanisms in the same intermediate node, or by implementing a new hybrid mechanism in a node.
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Figure 6 — Network Model for the future (Note: M = mixed protocol)

5.2.3.4 S$eparation of Control Layer and Data Layer

Current ifgternet has been using the layer such as control layer and data layer. However, in this
circumstahce, delivery problem of cantrol packet can occur in a situation of a flood of data packet] by
DDOS attagk or mobility of node. As aresult, control layer and data layer must be separated.

5.2.4 Specific Technical Requirements
5.2.4.1 AddressingTechnical Requirements

5.2.4.1.1 | Address Format

Future Neftwdrk NAS should consider having a new address system which will create a totally new
network spaceforthe Future Network to exist, operate and expard.

A new address format is the foundation of a new address system. FN-NAS should have a new format of
addresses that is different from all existing NAS, but it should have the potential to allow compatibility
with existing address formats.

FN-NAS address format should go beyond of serving computer, but also make it more human friendly, to
allow users easier operate the addressing scheme while maintaining the efficiency for computing.

Digital Coding: The ten digits Arabian numerals are globally used language. Pure decimal encoding
is one of the most commonly used ways of expressing. Future Network should consider the need for
pure decimal coding from real applications such as commercial good coding, sensor coding, cell phone
number, geographic location, Space object location coding, molecule order coding for living bodies, etc.
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Character coding: the FN-NAS address format could be in characters, such as Arabian numerals, Latin

Characters or other symbols that is easy for computer recognition and human interactio
words, the address format should support various language environments.

5.2.4.1.2 Separation of ID and Location

n. In other

[P addresses are to be replaced with two types of numbers: routing locators which is assigned to
network attachment point, and endpoint numbers which is assigned independently from the network
topology. However as the mobility service is widely required, the endpoint number is further divided
into local network attachment point and node identification like a unique name. It means that each node

wi

glo

badkbone network will be used.

5.2.4.1.3 Addressing Model
Addressing through subnet prefix in address:

Future Network can use subnet prefix in address to fulfil addressing. A certain subnet pr

subnet prefix in the same time.

Addressing through direct character addressing and direet routing

omitting the process of DNS translation. The bénefits of this method is unifying the n
addressing, enhance network performance efficiency. For compatibility consideration
translation interface should be reserved.

Addressing through direction information

“ID” and “LOC”, where ID is to identify the device or any identifiable entity and LOC i
ID is to be searched through-conventional ways. If additional information such like con

physical location coordinate, and etc.

5.2.4.1.4 AddressSpace

Ad
of 4
big|is the space of the network. The longer the address, the larger the network space will be.

ong enou

gh to create an address space which would in

The léngth of addresses should be 1
nuabe 5 A

The first generation Internet (IPv4) address length is only 32 bits which created a problem

iﬁ POSSESS 1tS own unique TDfor ldenflllCaflOI’l, and its focal NETWOTK attacnment point agd

will be used to locate it. When it sends a data to a node which is located out of its localmet
bally unique routing locators which are assigned to the local network attachment point to

linked to only one link circuit or to multiple link circuit. A cerfain link circuit can posse;

Due to the scalability, mobility, and“more diverse application services, current addresg
topologically for routing. However, still even in the core network or in the edge networl

policy, or direction is assigned to LOC or ID, routing can be performed based on the packe

Iress space is.one of the most important requirements for Future Network. Address is the f
he networKspace. Address not only determine the existence of a network, but also deters

"ess which
work, new
the global

bfix can be
s multiple

Future Network can consider using the direct addréssing through character addressing and routing,

hming and
5, the DNS

is split to
5 assigned
k, LOC and
fents, QoS,
t contents,

oundation
mines how

crease the

of address

shortage. IPv4 addresses ran out only twenty years after its opening to commercialization. The next
(or 2nd) generation of Internet (IPv6) has 128 bits in address format. However, as the attachment to
this document about geographic location based addressing scheme indicates, 128 bits may not be long

enough to satisfy the needs of future applications.

Therefore, Future Network should establish a new address format with flexible length. This would also

allow larger network space and long enough to satisfy most needs in the future.
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5.2.4.1.5 Variable Address Length

In contrast with first generation and second generation internet protocols which both have fixed length
address format, Future Network may consider variable length address format to satisfy the demand of
various applications, to achieve transmission efficiency and to allow long term expansion.

5.2.4.1.6 Address Types

Future Network must go beyond the category addresses in existing networks and consider a layered
address structure. The layered structure can provide layered address to satisfy the demand of high
3 3 3 1 43 1o ] Jd £ H 14 4 3 3 £ Jas 3
quallty coprruntcatronapprications; Sstucirastne et ror —SHttrtatire oSt airsS S STo—otr it dia
real-time {nformation transmission and data packet transmission. It will expand network application
space and joptimize addressing and routing technologies.

— Direcf Routing Addresses: When characters coding are used as addresses, the routingzaddresses
are dgtermined by the location of the router and select the geographic regional @address codq as
directiing address method.

— Emergency Routing Addresses; FN-NAS should consider setting emergency)routing addresses| In
situatjons where networks are partially destroyed by unforeseen catastrophes, network adminis:llers
can uge the method of router broadcast, revise routing table, acquire othér routers for emergency use.

— Verifi¢ation Addresses: This type of verification addresses is the gerification code to be used with
addreps encryption/decryption.

— Direction Addresses: Direction address indicates a forwarding direction based on physical and
geographical location of a node. It might be obtained/by signal reception direction or GPS-like
technglogies.

5.2.4.1.7 | Address Selection

All existing networks used fixed length and fixed bit location approach. [Pv4 is 32 bits length, [Pv6
is 128 bitg length. Future Network may consider setting the base length of 256 bits to allow forwprd
expansion| But Future Network would also allow variable lengths.

This variaple length requirement along with the multiple address types, there will be requirement|for
setting addlress length option in thelheader to distinguish address types and lengths, to identify virtjual
circuit addresses (virtual circuit broadcasting address, virtual circuit unicast address for three layer
model) anfl other addresses(for four layer model ).

There may be following address selection methods:
— Fixed |ength and-ixed bits location addressing scheme
— Fixed |ength and non-fixed bits location addressing scheme

— Addréssing'scheme based non-fixed length and non-fixed bits location

5.2.4.1.8 Fields in Addressing
An address may be made up with some of these fields:
— Addressing type: the type which represents what addressing is used

— Mobile/Fixed node flag: the flag that represents whether the interface connecting with node is
mobile or fixed

— Backbone/local flag: the flag that represents whether address can be used in only local network or
in backbone network.

— Bandwidth Information: the bandwidth information of interface that is connected with node
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Processor Information: processor information of node

Virtual Circuit flag: the flag that represents whether Virtual Circuit is supported.
Virtual Circuit region: information about a range of using Virtual Circuit.

Virtual Circuit label: label that is used in Virtual Circuit

Service type.

ID: Identification of the end system of a communication session.

:2014(E)

5.2

Fut
WO

boundary network links, straight localized translation. These approaches would reorgar

net
andg

5.2
Eit
Fir

Sed

Node Information: other distinguishing information of node

LOC: Address assigned to routers or node for routing in the core network.

4.2 Future Network Domain Name Translation

ure Network proposes a distributed and cross boundary domain name)translation syst
uld allow national bodies to manage their own root servers, establishing distributed and

work information flow, reduce network congestion, optimize network performances, sé
| cut network costs.

4.3 Translation/Tunnelling between local and backbene networks
her translation or tunnelling may be needed betweetr Local network and backbone netwo
5t, these are the cases to use translation.

One-to-one address translation: One address-in local network is mapped to one address ir
network the same way of current NAT.

Many-to-one address translation: Many addresses in local network are mapped to one
backbone network the same way\of current NAT-PT.

backbone network. The address of backbone network is determined according to service
which node of local network uses.

Many-to-many address translation: Many addresses in local network are mapped to manyj
in backbone network. This is the case that both many-to-one address translation and on
address translation are used at once.

ond, thesedre the cases touse tunnelling. Tunnelling can be used inlocal network and backbon

Onge=-to-one tunnelling: One tunnelling address is used for one address.

em, which
| over-the-
ize global
ve energy

backbone

address in

One-to-many address translation: One address in local network is mapped to many addresses in

r function

addresses
e-to-many

e network.

Many-to-one tunnelling: One tunnelling address is used for many addresses. Thisisthe s

me way as

tunnelling between routers of specific section in current internet.

One-to-many tunnelling: Many tunnelling addresses are used for one address. Tunnelling
determined according to service or function used for one address.

Many-to-many tunnelling: Many tunnelling addresses are used for many addresses. This
that both many-to-one tunnelling and one-to-many tunnelling are used at once.
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5.2.5 Complementary Technical Requirements
5.2.5.1 Security Technical Requirement

5.2.5.1.1 New Communications Rules To Supplement New NAS

In order to protect the addressing security, Future Network may consider adopting a new communication
rule requiring verification of source address and destination address before sending message to the
networks. The new rules should design and utilize better and newer authentication and verification
systems to achieve system wide security.

— To conjstruct a true identity authentication, verification and certification system.
— To chdnge from passive and defensive network security into proactively managed cybersecuritjy.

— Toprove communicator trueidentity, verify network (internet) addressand routing path authentidity,
and prrevent unauthorized access, and realize trusted connection.

— To certtify the authenticity of software and the consistency of software identity and software dta,
achieying trusted computing.

— Trustéd connection which is the key for trusted systems. Trusted roGting is the key for realizing
trustegd connection.

5.2.5.1.2 | Address Allocation Encryption System Requirement

Future Nefwork should consider address encryption in address allocation system, so to form a mpre
secure nefwork environment and prevent addresses and user information are used for hostilel or
malicious purposes.

This requirement can be realized in address allocatioh management system and DHCP system.

The addrgss encryption is used during the gommunication process, local address display does ot
require shpwing of encrypted form.

5.2.5.1.3 | Header Requirement

Address emicryption system requires’head to have sufficient expansion function. During the transmission
process, only those nodes which.are related to expanded head will process them, the middle routers only
pay attentjon to the hoppinglimit field and routing head. The head can be flexibly reorganized accordjing
application and network demand, to achieve the option of mobility.

The systein supportIPlevel certification authentication, carried-on encryption negotiation, and sqme
specially defined.dpplications.

The systerp should have enough addresses to allow one host machine to be used in different location and
different tjmes, to perform irregular frequency hopping. These methods would prevent attackers frjom
getting hold and locking on the user IP address value, which means better network security.

5.2.5.1.4 Emergency Routing

In Future Network protocol, there should have an emergency status code, so that emergency routing
acquisition function can be established.

5.2.6 Extension Technical Requirement

Conventional internet is based on territorial surfaces. As the space activities are increased, since the
internet addressing scheme is relatively free from landscape limitation, future space communication
and space-earth communication will rely more and more on internet system. There will be a new
application area in Space Internet.
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The Space Internetwould require anew setof namingand addressing schemes. FN-NAS also should consider
how to make interconnection and interoperability between earth internet and future space internet.

5.2

.7 Evaluation and Test Requirement

During the process of Future Network development and design, the testing and experimenting
technologies and certification requirements should also be developed and standardized. Criteria should
include, but not limited to, functions, media transport, equipment, performance, network management,
power usage, environment, security and economic benefits.

5.2

FN
est

.8 Infrastructure Requirement

NAS should consider the need and time requirement from the perspective of networkinfr
pblishment such as:

The construction of Future Network experimental platform

Construction of Future Network Backbone

Experiment of transition of existing networks to Future Network
Construction Future Network system and connect with existigmnetworks.
Building management systems.

Building application platforms.

Testing and compliance

hstructure
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Annex A
(informative)

FN-NAS Standardization Plan

This techmcal report outllnes the ob]ectlves tasks and requlrements for FN-NAS and produces many

1mportan

-NAs is also an important ob]ectlve for this report. This plan should not only cover.wha

do, but alsp a general time line.

A.1 Gap Analysis

Future Neftwork is to create a network that would be able to satisfy future long-term technical 3
socio-ecorjomic needs. To achieve these objectives, FN would take the clean slate:design approach, wh
means to design a new network based on fresh new ideas, principles, rules, methods and structures

Thecleans]ate designapproachwould face several problems. The firstproblemisthatfor manyyearsnetw
designers have been accustomed to doing maintenance and amendingwork. The clean slate approach wo

create challenges to them both mentally and technically. Another problem is the complication of networ
The

One of the pbjectives of Future Network is to allow information rin Smoothly among various networks.

technology. Factors would have huge impact upon~the way how FN standardize. And these are h
technical ¢xperts handle those non-technical influénces.

The same phall apply to NAS. For example, there are many different schemes in naming and address
in existing networks. FN-NAS has to know the advantages and deficiencies of existing NAS so t
advantagess can be preserved and defedts are corrected or avoided in the new NAS.

Facing the

technical feport first before formal standards are developed. This approach would allow techn
experts arnld network designers'see the whole picture of the situation and have a clear and common v

— Current IP-based networks have some deficiencies.

ind
ich

prk
uld
ks.

for

ow

ing
hat

e hard challenges, it iswise for Future Network to take a cautious approach by developing

cal
ew

the

Th R Y H A P 4o 4o 1 H
I OSeerrcrencres resurt rronr structurar UCTSISILS.

— Problems in current IP-based networks were largely related to inefficiency in naming and

addressing schemes.
— Itisimpossible to overcome those problems without structural overhaul.
— The evolutionary approaches such as IPv6 may be still inadequate to fix the problems.

— A clean-state design must include redesigning the naming and addressing schemes.

In order to achieve the design goals of Future Network, gaps between the goals and current systems

should be resolved
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A.2 FN-NAS Development Plan

FN-NAS development plan include five steps:

Step 1 Situation Analysis: to study the need for NAS and its relationship in Future Network.

:2014(E)

The focus

is on whether NAS be included as a project in FN. This step has mostly completed during 2007-2008.

Step 2 Project Visioning: To set missions for FN-NAS, set project objectives, identify major
look for approaches, establish development guidelines, etc. Chinese expert contribution in 6N

problems,
13948 has

produced a solid ground for this work. This technical report will incorporate 6N13948 and go a step

further by taking the work specified in step 3.

Step 3 Technical challenges: To achieve the lofty visions of Future Network, FN-NAS hds to overcome
mapy technical challenges. A successful NAS design has to show the ability to supportteechnologies that

wolld satisfy demands from all kinds of applications in the future. Knowing whatthe cha
wolld help developers to produce a well-planned scheme.

This technical report describes design principles and technical requirementsfor FN-NAS. Th
of producing this report is to provide general guidelines for network researches to assist thei
and design new NAS that would be usable in FN. Another purpose is to séta list of technical pe
stajndards based on which prospective technical proposals can be evaluated and selected.

Deyeloping NAS is a very daunting task, requiring a lot of thinking; experimenting, huge res
technical challenges. ISO/IEC does not have the resources to-develop the technologies. ISO/
Network can invite members to contribute mature new NAS technologies and standardiz
Intgrnational Standards. However, ISO/IEC should not sjt ahd wait for new NAS to appear and|
is gvailable. As the organization controlling the standardization process, ISO/IEC can set
dirgctions, requirements and qualifications for NA§ technical proposals.

Stelp 4 Proposal evaluation: After Step 3 is complete (common criteria for evaluation of NA
strength is set) SC6 should send out calls for,proposals which would compete for accepta

enges are

e purpose
r research
rformance

urces and
EC Future
e them as
take what
ruidelines,

b technical
nce as FN-

NASF candidate and technology provider. Competing proposals then will be evaluated or organized. The

prgposal or a combination of proposals.which meet the prerequisite conditions and can ove
mofgt challenges will be accepted as core FN-NAS project.

Step 5 Standard development: NAS standards will be developed based on the core FN-NAS t

A.3 FN-NAS Standardization Plan

A.3.1 Major Tasks)In the Future
The major tasks-in the future for FN-NAS include:
— | Refine'and complete this technical report

— | Look'for and select the best proposal for a general framework on FN-NAS

rcome the

echnology.

— Standardize the general framework of FU-NAS
— Make standards of specific schemes under the general framework of FN-NAS
— Make complementary standards or imbedding FN-NAS into Future Network system

— Provide NAS assistance to study of Future Network applications

— Start work on registration and distribution of numbers and addresses for Future Network

— Make a plan for address resources management policies
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A.3.2 Time line

A3.3 Cd

Future Nef
attract att
are some g

a)

b)

d)

20

Table A.1 — Timeline of FN-NAS Development

NAS System o
NWI TR-Stratgy NAS TR Application
Standardization Development

Maint
witho
have §
other

FN-NA
how t
develg
these

For ol
polici¢
state
new N
peace

provid
techn
benefi

The s
SDO’s

ordination with Other Organizations

work NAS research would have an extensive impact on network research and would theref]
ention from many organizations. How to coordinate with other organizations? Thé follow]
uiding principles:

pre
ing

hin Independence: Future Network is developing a new set of naming and'addressing schenes,

1t complying with restrictions in any old rules. Therefore, Future Network project sho

uld

elf-determining rights regarding the format and content of FN-NAS: Any relationship with

prganizations should not undermine this right.

LS will face two types of issues when interacting with other organizations. The first kin

1 is

b deal with old NAS schemes, and the other is how to deal with new NAS projects tha is

ped in parallel with the ISO/IEC project. Different guidihg principles should be developed
fwo situations.

for

d NAS systems and their developers/maintainérs, Future Network can adopt the followjing

s: Clearly explain the difference between evolutionary and clean slate designed NAS proje
Clearly that FN does not oppose the continued existence and improvement of old NAS;

Cts;
the

AS would not seek to disrupt or destroy old network; the old and new networks can haye a
ful coexistence, develop in parallel path, utilize each other’s advantages and strengths; the New
NAS development work does not discriminate or reject research and development on technologies
ling compatibility and interoperability between old and new network systems; when rlew
logies emerges which can enhance both old and new networks, we will consider mutjual

cial actions such as either joint development, dual adoption or making recommendation.

andardization on Future Network Naming and Addressing should be proceeded with
which are interested\in this subject

hiny
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Annex B
(informative)

Current Internet technology

B 14— IR I D sl
. IviITr vO

HMIPv6[1] allows nodes’ communication with correspond nodes without changing its [P\addiress while
mofving in [Pv6 network. HMIPv6 mobile node has HoA and CoA. HoA of mobile node’doesn’t change
whijile movement. CoA is an address only in visited foreign network. While mghilé node moves the
forpign network, basically mobile node and corresponding node communicate by the tunnelled packet
through home agent. The tunnelled header contains the mobile node’s CoA and home agentfs address.
If mobile node and correspond node use additional signalling, mobile node,and correspond node can
corhmunicate directly.

LGzl - 160
RSoR1: 101,22

=
LCoAd: 1--d-a
PG 118

Figure B.1 — Handover in HMIPv6 network

B.2 <LISP

LISPI4[Z] proposed for solving routing scalability problem. LISP separate IP address with RLOCs
(Routing Locator) and EIDs (Endpoint Identifiers). An EID is a 32-bit (for [Pv4) or 128-bit (for IPv6)
value used in the source and destination address fields of the first (most inner) LISP header of a packet.
An EID is allocated to a host from an EID-prefix block associated with the site where the host is located.
EIDs use for end-to-end packet exchange. A RLOC is an IPv4 or IPv6 address of an egress tunnel router
(ETR). A RLOC is the output of an EID-to-RLOC mapping lookup. An EID maps to one or more RLOCs.
RLOCs are numbered from topologically-aggregatable blocks that are assigned to a site at each point to
which it attaches to the global Internet. A RLOC is the output of an EID-to-RLOC mapping lookup. RLOCs
use between ITR and ETR. During end-to-end packet exchange between two Internet hosts, a host sends
a packet using only “inner header”. IP addresses in “inner header” are EIDs. And an ITR prepends a new
LISP header (“outer header”) to each packet and an egress tunnel router strips the new header. The IP
addresses in this “outer header” are RLOCs.
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Figure B.2 — Information flow in LISP using EID/’and RLOC

L router which accepts an IP packet with a single IP header (more precisely, an IP packet 4
ontain a LISP header). The router treats this “infier” IP destination address as an EID 3
hn EID-to-RLOC mapping lookup. The router then prepends an “outer” IP header with
hlly-routable RLOCs in the source address field and the result of the mapping lookup in
h address field.

a router that accepts an IP packet where the destination address in the “outer” IP heade
pwn RLOCs. The router strips the “euiter” header and forwards the packet based on the n
found.

ation based routing

ased routing algorithms eliminate some of the limitations of topology based routing by ug
information. They-use that location and node mobility information of the nodes for rout
hch node knowslogation through Global Positioning System (GPS)[251[26] or some location serv

cal routing, protocols use location and node mobility information for the routing proc
ided Routing (LAR),[24] The Distance Routing Effect Algorithm for Mobility (DREAM)[2Z]

location information to reduce routing overhead of the ad-hoc network. Normally the L

hat
ind
bne
the

ris
ext

ing
ing
ice.

PSS.

and
ocatiensService (GLS) use the information in different ways and provide different services.

AR

protocol

SES the GPST0 exploit Tode 5 focation IMfoTTation. T e IMoDbile Todes RIMOWS tere phys

cal

location through GPS. LAR assumes that every node knows every node’s location information. LAR can
be combining with a reactive routing protocol. Aims of LAR are effective route discovery and to restrict
the flooding of route request packets. Each packet has location information of destination in the packet.
On the contrary, DREAM can be combining with proactive routing protocol and every node maintains
every node’s location information. In DREAM, the location update frequency is decided by the distance
between nodes and mobility characteristics of node. GLS is not a routing protocol, but it offers a location
service. In GLS, each node in network has several location servers scattered throughout the network
which provide location information.

Although the flooding is constrained in both LAR and DREAM by using location information, they are
still not suitable for large-scale ad hoc networks. Their poor scalability roots in the directional flooding
reactively initiated in LAR and proactive location information flooding in DREAM. On the contrary, GLS
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can be used in large-scale mobile ad hoc networks with high node density. In GLS, a node chooses a small
set of location severs throughout the network. LAR and DREAM exploit flooding for location update and
query, but GLS doesn’t exploit flooding for location update and query.

B.4 Connectivity between MANET and Internet

Aim of MANET routing protocolsis maintain route within MANET-[10][12][28][29] MANET routing protocols
do not utilize connection between node in MANET and node in Internet or infrastructure network. The
purpose of MANET is to allow users to communicate reliably and cost effectively through Varlous media,

nodles to find the Internet gateway and obtain the global prefixiinformation, so that the MA

carj

y between

in Internet
tide the FA
NET. It can

T nodes to
nternet is

ough nodes called Internet-gateways, which are connected to the Internet using a wirelji interface

connected to MANET using a wireless interface. It has proposed two methods to ena

generate a global IPv6 address, which is used for sending/neceiving packets from/to the

le MANET
NET node
[Internet.
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Annex C
(informative)

Current Internet Views

According to views, these are comparisons of such suggestions.

,ID is HoA (Home Address). HoA of node does not change when node is even moved to differjent
network of IPv6 address. Therefore, HoA is global ID. HoA has home network prefix. The node which is
moved to ew network creates new CoA. This CoA is ID in local network. CoA has foreigh network prefix.
In end-to-¢nd communication, each node uses HoA as ID. In MPLS,[23] ID in MPLS dothain is IPv6 address
or IPv4 address. In End-to-end communication, each node uses IP address as [B.2An 6LoWPAN,[30] ID is
interface iflentifier. Node of 6LoOWPAN creates IPv6 address using network prefix information of royter
advertiserhent and interface identifier. In LISP, ID is EID (End-point ID). EID,ofnode does not change when
node is evg¢n moved to IPv4 address. In End-to-end communication, each nede uses EID as ID. In Locatfion
based routing, ID does not change when node is moved to IP address. In.end-to-end communication, epch
node uses|[P address as ID. HMIPv6 and MPLS have ID in a certain network. In HMIPv6, 6LoWPAN, LISP
and Location based routing; IP address is used as ID.

C.2 LO(C (Locator)

CoA of node changes when node is moved to the different network of IPv6 address. CoA of moved npde
is used for{routing between moved node and correspond node. In MPLS domain, LOC is MPLS label vdlue
among label switching routers. Label switching\router decides next-hop from MPLS label value. MPLS
label, whidh includes MPLS label value, is prepénded in MPLS ingress node and removed in MPLS egriess
node. Therefore, MPLS label is used among*MPLS switching routers. In LISP, LOC is Routing Locdtor
(RLOC). RLOC changed to new RLOC when‘node is moved to IPv4 address or IPv6 address of ETR. Npde
doesn’t notice its own RLOC. RLOC is used for the outer header between ITR and ETR. This outer heafder
is prepended in ITR and removed in ETR. It is assumed that in location based routing, every node knqws
LOC inforgnation through GPS or location service. In HMIPv6, node notices LOC but In MPLS and L|SP,
node doesp’t notice LOC. LOCdsdifferent information from IP address. In HMIPv6 and LISP, IP address is
used as LQC. In HMIPv6, MRLS and LISP, tunnelling is used to use LOC.

C.3 Routing within local network

In HMIPv§, routing within local network is routing between MN and HA. Routing within local netwprk
is formed [aecording to MN’s HoA or MN’s CoA. In other words, current [Pv6 address routing within
local netwlsrk—stormedtn-MRLS routing within local network iswithout MRLS domain—tnWithbut
MPLS domain, next-hop is decided according to IP. In 6LoWPAN, each node in network has routing same
as MANET. In the node of network, routing within local network is capable using the routing table.
In LISP, routing within local network is routing between node and ETR or ITR. Routing within local
network is formed according to EID, which is IPv4 address or IPv6 address, in the inner header of packet.
In the connection between MANET and Internet, routing within local network can be classified into
proactive and reactive location based routing protocols. Proactive routing protocols maintain all nodes
in MANET about one or more routing tables. They attempt to update the information of routing tables
either periodically or by change in network topology information. Reactive routing protocols initiate
a route discovery mechanism by the source node about destination node. Discovery start the source
node has data packets to send to the destination node. Location based routing protocols use location
and node mobility information for the routing process. HMIPv6, 6LoWPAN, LISP, In HMIPv6, 6LoWPAN,
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LISP and MANET, IP address is used for routing. Location based routing protocols additionally use extra
information of location.

C.4 Routing within backbone network

In HMIPv6 routing within backbone network is routing between CN and HA. In HMIPv6, routing within
backbone network is the same as general IPv6 routing. In MPLS, routing within backbone network is
MPLS domain. In MPLS domain, next-hop is decided according to MPLS label value. MPLS label that
includes MPLS label value is prepended in MPLS ingress node and removed in MPLS egress node. In LISP,
routing within hackhone network is routing hetween ETR and ITR. Routing within hackhone network
is formed according to RLOC which is IPv4 address or IPv6 address in the outer head of padket. In the
corjnection between MANET and Internet, routing within backbone network is the same ps current
IP routing. In HMIPv6, MPLS and LISP, routing within backbone network is used tunnelling|for packet
forwarding. HMIPv6, LISP and MANET use IP address to decide next-hop.

C.3 Mapping information

In HMIPv6, HA maintains MN’s HoA and CoA mapping. At this time, H6A uses ID and CoA udes LOC. In
MPLS, IP address becomes ID and MPLS label value becomes LOC. In(MPLS ingress node, IP adldress and

MPLLS label value mapping are maintained to prepend MPLS label-according to IP address. In
adgptation layer between [Pv6 and IEEE 802.15.4 maintains mapping of both [Pv6 address an
ideptifier. Adaptation layer can restore IPv6 address comp¥ressed through the interface id
recdeived packet and can compress [Pv6 address of packet to.be sent. In LISP, EID is used by ID
is ysed by LOC. At this moment, ITR prepend RLOC by,seeing EID of packet to be sent to bac
ETR respond to MAP request from backbone. Theréfore, ITR maintains EID and RLOC m4
ETR maintains local network prefix and RLOC mapping. In Location based routing, IP add
and location information is LOC. Each node maintain mapping of IP address and location in
In ¢onnection between MANET and Internet, gateway between MANET and Internet know
nodles or network prefix of MANET. That’s because the gateway decide whether received pac
of MANET or not. The nodes of HMIPv6,.6LOWPAN and MANET maintain mapping informati
other hand, In MPLS, LISP, node doesn@t have to maintain mapping information.

C.6

HM
thi
val
Sw
RL

Who use LOC?

[Pv6 does tunnelling byusing CoA between HA and MN when MN moves to the different n
5 time, CoA is used asiaddress of tunnelling. This CoA represents LOC of MN. In MPLS, after

lie is checked frommlabel switching router, next-hop is decided. MPLS label value is used fo
tching routers(In'LISP, RLOC is used for outer header of packet between ITR and ETR. ITH
DC to outercheader and sends the packet to backbone network. ETR removes RLOC and
padket to localietwork. Nodes don’t know RLOC. In location based routing, all of nodes kno
infprmatien_of nodes in network. Also, all the nodes perform routing by using location infor
Comnection between MANET and Internet, because gateway between MANET and Internet sh

bLoWPAN,
H interface
entifier of
and RLOC
kbone and
pping and
iress is ID
formation.
list about
ket is node
on. On the

etwork. At
MPLS label
r between
. prepends
sends the
w location
mation. In
ould know
node, list

the loeation information about whether the destination of received packet is in MANET or iﬂl

abd
C.7 Packets transmitting and receiving of node

In HMIPv6, a MN sends a packet to a CN includes the mobile node’s HoA in the Home Address option.
Source address of the packetis CoA of the MN and Destination address of the packetis address of the CN. A
CN sends a packet to a MN. The IP header of the packet contains the HoA of mobile node in the destination
address field, and the address of CN in the source address field. The home agent intercepts the packet
and forward to the MN through tunnelling. The tunnelling header contains the CoA of mobile node in the
destination address field, and the address of home agent in the source address field. In MPLS, a sending
node sends a packet to receiving node. Source address of the packet is address of the sending node and
destination address of the packet is address of the receiving node. MPLS ingress node receives the packet
and prepends a MPLS label between layer 2 and layer 3. MPLS ingress node forwards the packet to MPLS
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domain. MPLS egress node receives the labelled packet and removes the MPLS label. MPLS egress node
forwards the packet to MPLS edge node. In 6LoWPAN, a sending node generates a packet that using IPv6.
And adaptation layer compresses packet’s [Pv6 header to 6LoWPAN header. A receiving node receive the
compressed packet that using 6LoWPAN. Then, adaptation layer decompress packet’s 6LoWPAN header
to IPv6 header. In LISP, a sending node generates a packet that using EID. Source address of the packet’s
inner header is EID of the sending node and destination address of the packet’s inner header is EID of
the receiving node. ITR receives the packet and prepends an outer header. Source address of the packet’s
outer head is address of ITR and destination address of the packet’s outer header is address of ETR.
Address of ETR is RLOC of receiving node. Next, ITR forwards the packet to LISP site. ETR receives the
packet and removes the outer header. And, ITR forwards the packet to local network. . In HMIPv6, MPLS

and LISP,
compress§
tunnelling

C.8 Fun

In HMIPv
home age
and itself.
backbone
and forwa
to MPLS d
gateway i
are ITR an
from thel
packet’s

i
EID—prefi)i ETR removes outer header received from LISP'site and is forwarded to the local netwq

Gateway K
decides th
LISP, the 1
and MANH

C.9 LO(

In HMIPv6
moves. Fr
agent ever
media infi

In Locatioh based routing;-all nodes suppose location information of nodes in network. Therefore, I
managemeént isn’'t a matter to consider. In MANET and 6LoWPAN, IP of node includes LOC informat
Therefore| when node moves, node updates information of neighbour nodes and broadcasts or rep
its new information: HMIPv6 and [EEE 802.21 inform the changes whenever they move. LISP confiy
LOC in regulatiintervals.

26

FUTIe ing 15 used during transmission and Teceiving packet but im 6LoWPAN, TP teade
d into 6LoWPAN header. In HMIPv6, MPLS and LISP, node does not know the address used
However, in 6LoWPAN, node can decompress the compressed header.

ctions of Nodes between local network and backbone network

, there is home agent between local network and backbone network( The function of

In MPLS, there are MPLS ingress node and MPLS egress node between local network {
network. . MPLS ingress node prepends MPLS label to packet frem the outer MPLS dom
[)ds to MPLS domain. MPLS egress node removes label from labelled packet and is forwar

main. In 6LoWPAN, there is a gateway between local network and backbone network. ]

d ETR between local network and backbone networkcITR prepends outer header to pad
cal network and is forwarded to LISP site. ITR queries RLOC from destination EID of recei
ner header of received packet. ETR replies byyMAP-reply about MAP-request of its o

etween MANET and Internet maintains list\about nodes or network prefix of MANET :
ht it forwards to either MANET or Internet@ccording to the list information. In HMIPv6, MK
odes maintains mapping table and performs encapsulation and decapsulation. In 6LoWH
T, the gateway enables to communicdte between heterogeneous networks.

. management for node

, node performs binding updates to inform home agent of its own movement whenever n
m the binding updates, iode is able to receive the packet coming to itself through the hg

rmation service.onthe way to move. Then, node can decide handover through the informat

is
for

the

t is tunnelling of packet which goes to MN through HoA of MN, CoA/mapping management
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[he
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though it moves. In\IEEE 802.21, node offers network information of user terminal throfigh
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(informative)

Packet Transferring using Geographical addressing scheme

This Annex is to show some examples how geographlcal address in end-system or routers can be used
- shows the
ires. Most

functional aspects of geographical addressing, not formal protocols and detalled proced
deffinitions herein are extended version of definitions defined in LISP

D.1 Definitions

Ge
ged

graphical Addressing (GA): Geographical location-based addressifig”scheme, whi
graphical location information to node. Node may denote routers, servers, or host.

th adapts

Geggraphical address: Address which indicates a physical and geographical location of a nod
be ppbtained using GPS or similar technologies. Geographical address can be represented b
geqgraphical address or Relative geographical address.

Absolute geographical address: Absolute geographical address is represented by latitude,
altjtude, and its range from the physically absolute position information.

e. It might
y Absolute

longitude,

tance and
reference

Rellative geographical address: Relative geographicalvaddress is represented by relative dis
rarnjge from reference point. Distance information.is to represent relative location from thg
point. Range information is to represent as areawith reference point as a centre.

Ge
be
rel

ork. It can
hddress or

graphical Locator (GLOC): GLOC represents geographical location of a node in the netw
pither Absolute GLOC or Relative GLOE, which are represented by absolute geographical
ntive geographical address, respectively.

Ge
by
ged

graphical ID (GID): GID represents geographical location of an end system. It can be rg
Absolute GID or Relative.GID, which are represented by absolute geographical address
graphical address, respectively

presented
br relative

Endl-node: An end-nodelis a device like an end-system defined in LISP. However end-node ma
GID, and perform GID-related functions like EID-GID mapping lookup, EID-GID managemn

ess-node: An\access node is an access point which resides in the edge network with EI

y have EID
ent, etc.

D and GID.

erarchical
bnd-nodes.
ng lookup,

ess-nodejs Tocally identified, not globally identified. When EID blocks are assigned ina h
ner inthe edge network, access-node may be an anchor point for the sub-access network
ess{igde may have EID and GID, and perform GID-related functions like EID-GID mappi

-GID management etc. hke end- node And access- node will keep and manage the hst ofe

its k
to its GITR or the another access- nodes Wthh are connected each other

GA-site: A set of routers in an edge network that are under a single technical administration. GA routers
which reside in the GA edge network are the demarcation points to separate the edge network from the
core network.

Geographical ETR (GETR): It is like an ETR which can accepts the packet with geographical address.
When GETR receives GLOC-encapsulated IP packets from the internet, it decapsulates and once again
re-encapsulates using EID-to-GID mapping lookup, if GID is available.

Geographical ITR (GITR): Itislike an ITR thatresides in GA-site. If the packet destination EID is to outside
of the GA site, using EID-GLOC mapping lookup, GITR will encapsulate it with GLOC if available. If GLOC
is not available, RLOC will be used. Routers in core network may equip with either GLOC or RLOC.

© ISO/IEC 2014 - All rights reserved 27


https://iecnorm.com/api/?name=ec6f330a91e7c6cdb8309e12be135d99

ISO/IEC TR 29181-2:2014(E)

Geographical PETR (GPETR): It is a like PETR with geographical address capabilities.

Geographical PITR (GPITR): It is a like PITR with geographical address capabilities.

EID-to-GID database: The EID-to-GID database in alocally distributed database in a GA-site. Itis updated

and kept li

ke a neighbour discovery manners in an edge network

EID-to-GLOC database: The EID-to-GLOC database is a global is global distributed database like EID-to-
RLOC database in LISP.

GA-Site: A set of routers or routable hosts in an edge network with geographical addressing is applied.

D.2 Ged

Geographi
address, a
altitude, a

is represenmted by relative distance and range from reference point. Distance inforration is to repres

relative 10|
pointas a

The Geogr
informatic

to describ

range information. Also, the address is able to describe relative location away as distance informat

from spec

Detail des

geogr

Code ]

graphical address

cal address can be represented by Absolute geographical address or Relative geograph
5 shown in Figure D.1. Absolute geographical address is represented by latitude, longity
hd its range from the physically absolute position information. Relative geegraphical addr

cation from the reference point. Range information is to represent<as-area with refere
Centre.

Range

. .
.

Figure D.1 — Locations represented by absolute address and relative address

Distance
(x Y,7)

Reference Point

aphical address which is'given to a node with LOC or ID, is composed of code identifier, ra
n, distance information and location Information fields. That is, geographical address is 4
e specific location 4nformation and area centring the specific location information by us

fic location.
Cription ef'€ach field is as following.

dentifier Field: Code Identifier field contains information which divides format and kind

cal
de,

ess
ent
hce

hge
ble
ing
ion

5 of
or

hphical address. That s, it divides whether LOC is represent by ASCII format, Binary formatj,

brmat dafinad ]n user-Also—codeidentifier-divrdeskinds-oflocationinformationrepresen

code fl

ed

oo e TIIretr oo tote HerehtHerahHae s+ as-oettecatio e RaHeR+ TPt

in location 1nformat10n field. The code represented by absolute location information becomes
absolute location code while the code represented by LOC, alias, area/country code, so on, becomes
relative location code. Composition of range and distance information can be different according to
code identifier information. Therefore, first of all you should analyse code identifier field of LOC.

Range Information Field: Range information represents an area centring the point represented in

location information field. Range Information can be variously utilized as sensing range of node,
area covering of node or error range, so on. It is composed of range, unit, and scale, so on. Unit
indicates length such as Km, m, etc. only when range information is described. Range information
field may not be used to according to option.

Distance Information Field: Distance information field is used to represent relative location from the

point include location information field. That is, final location is away as the distance information
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from the reference point included location information field. Distance Information may be not used

according to option. Generally distance information is not generally used since it is unnecessary
information in absolute position code.

— Location Information Field: Location information field includes absolute location or reference
point of relative location. And location information field should be hierarchical structure. Absolute
location information is described by latitude, longitude, and altitude while reference point of relative
location is described by using various formats such as the LOC, alias, or area/country code, so on.

The structure of LOC should consist hierarchical. Detail structure of LOC is as following.

Crde brisrd Sar R e Fdefars=a Irdn B = orbim i

IR EHIR SRR
il abeen 3

Absmiule Aodmess dade

e Feid P Fange! | Quione | Distance | Pt acied e
byt rnedia | o I‘F Linit ! |_".hu. it} )
" 1 iden bk = e Scale " Hoale Y 4
Arpn modo

ArBa coded
sfunir: e-ds

Figure D.2 — Detailed LOC structure

D.3 Transferring packets in backbone network using GA

This section shows how packets from GETR\are delivered to GITR using GLOC as shown in Figure D.3. It
is dnly focus on the packet transferring.insthe core network.

Here itis assumed that both GITR and*GETR keep and manage the list of end-nodes inside theif own edge
netfwork. For more details in the édge network, refer to D.3.

Figure D.3 — Core networks and edge networks with GETR, GITR, end-node

When GITR receives a packet from the inside of its own edge network, it performs the EID-to-GLOC
mapping lookup for the destination EID, encapsulates with its own source GLOC and destination GLOC
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