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Internet

¢ Core network: converge (cellular and Internet — no more
IPv4 blocks available)

¢ Access networks: diverse

¢ Devices: multiple interfaces, multiple functions, mobile

¢ Traffic from Wireless device grows 3 times faster than
(exceeding soon) that of wireline devices

¢ Internet: lack native support for mobility, multi-homing, etc.
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Core network: Convergence
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Wireless access network: Cellular
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Wireless access network: 802 wireless family
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Internet: ID-Locator split problem

IP network ID-Locator Split network
Process Process
Socket = IP addr + Port # Socket
Transport (Port #) Uses ID Transport
Network (IP address of interface)| ID (of host)
Uses Locator Network (IP address)
¢ |P address (of interface) changes ¢ ID (of host): Used for session, rarely
when routing changes. Transport changes.
session does not survive under IP ¢ Locator (|P address): Used for
changes. network routing.

¢ Mapping system (control plane): maps
ID with a set of locators (IP addr)
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What Is the ID/Locator Split Protocol?

Client based / Client-network changes Network based: No change to client stack
¢ Architectural change to the TCP/IP stack ¢ Locator = globally routable IP addr in
> A new layer between IP and transport backbone/Internet only
¢ Session between Host IDs not affected ¢ |ID = edge network IP addr; session not
by locator changes affected by locator changes in Internet.
Major protocols/proposals: Major protocols:
¢ HIP (Ericsson/HIIT) ¢ LISP (Cisco);
¢ I3 (UC Berkeley) ¢ APT (UCLA)
¢ Clean slate design (Stanford) Backbonef
¢ Internet 3.0 (WashU) Transit Network
Uses Locator —
Before After Ingress Egress
@ router (IR) router (ER)
Edgei.iwork Edé‘inetwork
Transport Transport Uses ID Uses ID
______________ (KW’ 0k OW
T i Host Identity | A A
i IP layer i(: 0 i L AN \<>/<\
PR R | WREERITRERENE | Source Destination D
Link layer Link layer node (S) node (D)
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ID-Locator Split families

: EDEG ROUTING
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¢ Protocol stack (e.g. HIP)
Application Application
Transport Transport
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|P |P ........................... |P |P
L2 L2 L2 L2
L1 L1 L1 L1
Source Router Router Destination
¢ Core-edge separation: tunneling (e.g. LISP) or
ranslatjon
Application Application
Transport Transport
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Mobile IP
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Proxy Mobile IP
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Transport Transport
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Host-based versus Network-based mobility

management

Host-based mobility management (HoOA: P1.:mn, CoA: P3::mn)
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Network-based mobility management (HoA: P1::mn, CoA: P3::ar)
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Distributed mobility anchors

¢ Distributed versus centralized mobility anchors
¢ Splitting control and data planes: Architecture
¢ Unified formulation of Internet mobility

¢ DMM Route optimization mechanism example
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Centralized mobility anchors

¢ Current mobile networks are hierarchical, and existing
mobility solutions are deployed with centralized
mobility anchoring

¢ E.g. HA In MIPv6/DSMIPv6, LMA in PMIPv6, GGSN In

3GPP

GPRS/UMTS SAE MIP PMIP
GGSN P-GW HA LMA

SGSN || SGSN | [ S-GW || S-GW || FA FA || MAG || MAG

* Network: hierarchical versus flattened
* Mobility management: centralized versus distributed
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Proxy mobile IP (PMIP) with triangle routing problem

¢ Packets between MN and CN need to tunnel between
MAG and LMA, even when MN iIs far from home
network but is close to CN

———————

' -
CDN CDN CDN
server server senver
Home network ~— @ @ V|S|ted netwo

with LMA N with MAG

LMA: Local mobility anchor

= Home agent (HA) + PMIP function

: CN
MN: mobile node
CN: correspondent node
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Problem statement PS1: Non-optimal routes

¢ (1) Routing via a centralized anchor often results in
non-optimal routes, thereby increasing the end-to-end
delay.
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PS1: Non-optimal routes (continued)

¢ The problem is manifested, for example, when
accessing a nearby server or servers of a Content
Delivery Network (CDN).
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PS2: CMM does not support evolutionary trends
of mobile networks towards a flat network

¢ In contrast, distributed mobility management can
support both hierarchical network and more flattened
network.

GSM GPRS/UMTS:WCDMA EPC:LTE next?
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PS3: Low scalabllity of centralized tunnel
management and mobility context maintenance

¢ Setting up tunnels through a central anchor and maintaining
mobility context for each MN usually requires more
concentrated resources in a centralized design, thus reducing
scalability. Distributing the tunnel maintenance function and the
mobility context maintenance function among different network
entities can avoid increasing the concentrated resources..

MA

/ I\/I\N5 ‘ I\/I\NO / \

MN2 VNS MN12| (MN14
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PS4: Single point of failure and attack

¢ Centralized anchoring designs may be more
vulnerable to single points of failures and attacks than
a distributed system. The impact of a successful
attack on a system with centralized mobility
management can be far greater as well.

MA MA MA MA

MN CN
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PS5: Unnecessary mobility support to clients that
do not need It

¢ IP mobility support is not always required, and not every
parameter of mobility context is always used. For
example, some applications do not need a stable IP
address during a handover to maintain session continuity.
Sometimes, the entire application session runs while the
terminal does not change the point of attachment.

MN1§/ MN5 |v||\|6§/ MNO IVINll/ MN15
MN2 || | MN4 MN7 | MN9 MN12| [MN14
¢ ' MN3 | MNS MN13!
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PS6 (related): Mobillity signaling overhead with
peer-to-peer communication

¢ Wasting resources when mobility signaling (e.g.,
maintenance of the tunnel, keep alive signaling, etc.)
IS not turned off for peer-to-peer communication.

Home networks .. _ __ __ .4, Visited network
with LMA Ss with MAG

"2 —— I — I — e

MN CN
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PS7 (related). Deployment with multiple mobility
solutions

¢ There are already many variants and extensions of
MIP. Deployment of new mobility management
solutions can be challenging, and debugging difficult,
when they co-exist with solutions already deployed In
the field.

¢ Variants: MIP, PMIP, HMIP, FMIP, DSMIP, ..., etc.
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PS8: Duplicate multicast traffic

¢ IP multicast distribution over architectures using IP
mobility solutions (e.g., RFC6224) may lead to
convergence of duplicated multicast subscriptions
towards the downstream tunnel entity (e.g. MAG In
PMIPv6). Concretely, when multicast subscription for
iIndividual mobile nodes is coupled with mobility
tunnels (e.g. PMIPv6 tunnel), duplicate multicast
subscription(s) is prone to be received through
different upstream paths. This problem may also exist
or be more severe In a distributed mobility
environment.
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IETF dmm WG charter work items

¢ Solution Requirements: Define precisely the problem of
distributed mobility management and identity the
requirements for a distributed mobility management
solution.

¢ Practices: Document practices for the deployment of
existing mobility protocols in a distributed mobility
management environment.

¢ Gap Analysis and extensions: identify the limitations in the
current practices with respect to providing the expected
functionality.

¢ If imitations are identified as part of the above deliverable,
specify extensions to existing protocols that removes
these limitations within a distributed moblility management
environment.
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REQZ1.: Distributed processing

¢ IP mobility, network access and routing solutions
orovided by DMM MUST enable distributed
orocessing for mobility management so that traffic can
avoid traversing single mobility anchor far from the
optimal route.

¢ Addresses PS1, PS2, PS3, and PS4

What | have is only borrowed from God so distributed and dynamic mobility management Wireless broadband network
that | may serve others. H Anthony Chan Page 28 January 11, 2014



REQZ2: Transparency to Upper Layers when
needed

¢ DMM solutions MUST provide transparent mobility
support above the IP layer when needed. Such
transparency is needed, for example, when, upon
change of point of attachment to the network, an
application flow cannot cope with a change in the IP
address. However, it is not always necessary to
maintain a stable home IP address or prefix for every
application or at all times for a mobile node.

¢ Addresses PS5, and PS6
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REQ3: IPv6 deployment

¢ DMM solutions SHOULD target IPv6 as the primary
deployment environment and SHOULD NOT be
tailored specifically to support IPv4, in particular in
situations where private IPv4 addresses and/or NATsS
are used.

¢ This requirement avoids the unnecessarily complexity
In solving the problems in Section 4 for IPv4, which
will not be able to use some of the IPv6-specific
features
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REQ4: Existing mobility protocols

¢ A DMM solution SHOULD first consider reusing and
extending IETF-standardized protocols before
specifying new protocols.

¢ This requirement attempts to avoid the need of new
protocols development and therefore their potential
problems of being time-consuming and error-prone.

What | have is only borrowed from God so distributed and dynamic mobility management Wireless broadband network
that | may serve others. H Anthony Chan Page 31 January 11, 2014



REQ5: Co-existence with deployed networks and
hosts

¢ The DMM solution MUST be able to co-exist with existing
network deployments and end hosts. For example,
depending on the environment in which DMM is deployed,
DMM solutions may need to be compatible with other
deployed mobility protocols or may need to co-exist with a
network or mobile hosts/routers that do not support DMM
protocols. The mobile node may also move between
different access networks, where some of them may
support neither DMM nor another mobility protocol.
Furthermore, a DMM solution SHOULD work across
different networks, possibly operated as separate
administrative domains, when allowed by the trust
relationship between them.

¢ This requirement address PS7
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REQG6: Security considerations

¢ A DMM solution MUST NOT introduce new security
risks or amplify existing security risks against which
the existing security mechanisms/protocols cannot
offer sufficient protection.

¢ This requirement prevents a DMM solution from
Introducing uncontrollable problems of potentially
Insecure moblility management protocols which make
deployment infeasible because platforms conforming
to the protocols are at risk for data loss and numerous
other dangers, including financial harm to the users.
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REQ7: Multicast considerations

¢ DMM SHOULD enable multicast solutions to be
developed to avoid network inefficiency in multicast
traffic delivery.

¢ This requirement addresses the problems PS1 and
PS8.
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Distributed mobility anchors

¢ Distributed versus centralized mobility anchors
¢ Splitting control and data planes: Architecture

¢ Unified formulation of Internet mobility

¢ DMM Route optimization mechanism example
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Distributed mobility anchors-Architecture

¢ LMA functions: mobility routing + location
management + HoA allocation.

> 3 > 5
MR MR MR MR

------------

LM: Location management (control plane)
MR: Mobility routing (data plane)
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Distributed mobility anchors-Architecture

MR: Mobility routing Location Management

function (data plane) function (control plane)

¢ Network-based: MR In & LM Is supported by
every network, at GW distributed database

which may move down
to AR In flat net

¢ Host-based: MR at

host

MR MR

MN31 MN32 MN11
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Distributed mobility anchors

¢ Distributed versus centralized mobility anchors
¢ Splitting control and data planes: Architecture
¢ Unified formulation of Internet mobility
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Unified formulation of Internet mobility standards

3 Basic Mobility
3 Basic Internet Functions Management Functions

¢ 1. allocates IP prefixes ¢ 1. Session
or addresses are to the . e
hosts. Identification

¢ 2. manages information ¢ 2. Location
such as in maintaining
DNS database system manag.e.ment (I_‘M)
and in exchanging ¢ 3. Mobility routing (MR)
routing information
between routers.

¢ 3. Router forwards
packets using
appropriate information
In the routing table
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Session continuity

¢ Session may continue when Session ldentifier
(original IP address) does not change.

Process
Socket
Transport
~ Session Identifier =original IP address of session
_____ Locator (CoA) IP address
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Existing protocol: MIPv6
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Existing protocol: PMIPv6
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Host-based versus Network-based mobility
management

(a) Host-based mobility management

SID | SID ) 0

IP of MN IP of MN
CN Routing Management MN+RM+LMc

(b) Network-based mobility management

SID s SID ) . SID SID

IP of AR IP of AR
L2 > L2
CN Routing Management AR+RM+LMc MN
What | have is only borrowed from God so distributed and dynamic mobility management Wireless broadband network

that | may serve others. H Anthony Chan Page 44 January 11, 2014



Hierarchical
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Deploying MM In each network
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Selective mobility support
without ongoing application requiring session continuity
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Selective mobility support

with ongoing application requiring session continuity

ESIqu E% “rm3

SID12,P3:2rm3

Net3

Allocate!
P3::/64
ID11-P31 -mnll

SIE}Z-PSZ ard2

Allocate!
PI::/64
@ i
:MNlli Move >
S1D11=
P11: mnll
(P_)__i _____ |
' MN12 Move >
SID12="
P12::mnl1l2

What | have is only borrowed from God so
that | may serve others. H Anthony Chan

RMS+LM, S

P33 rm3
I\

AR32+RM+LNMc
| 4 P32::ar32

MN11+RM+LMc
SID11

P31::mnll

MN12
SI1D12

distributed and dynamic mobility management

Net2

Allocate!
P2::/64
|

RM2

N\
\

\

CN21
SID21=
P21::cn21

Wireless broadband network
Page 48 January 11, 2014



Selective mobility support
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Mobility Management Framework:
Home network of application (where appl started)
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P21::cn21
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Selective mobility management

gs 1011653 - - rm3 NEAES Nz
SID12 P3::rm3

Allocate’ ~~~_" Allocate! Allocate!
P1::/64 R P3 - /64 P2::/64
! A — ID11,P31::mnd — !
e T SIE;Z;PSZ -an32 —~~ i

) — —F — S el
RM1  1st packet RM3+LM RM2
) P37k rm3
I
AR32+RM+LMc
@ ; L 4 P32::ar32
' MN11 | Move > [MN11+RM+LMc CN21
STDI1= SIDIT SID21=
P11: mnll SID31= P21::cn21
: P31::mnll
() i
' MN12 : Move > MN12
SIDI2=" SID12
P12::mnl2 SID321=
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Selective mobility management

SIqu B% - rm3 Net3 Net4d Net2

ESIDlZ P3:2rm3

Allocate’ ~~~_" Allocate! Allocate! Allocate!
P1: /64 N P3 - /64 P4-:/64 P2-:/764
A — LD111P31 -mnid ! !

e T IDIZ;PSZ -an32 . 0

e 4\ - -

RMl 1ﬁ|meﬂ RM3+LM RMA4+L M RM2

/ﬂ‘ rm3 P4-imrd /
I \\
Yi
& AR32+RM+L Mc AR42+RM+LMc
(@) /i v P32:-:ar32 P42::ar4?
' MN11 | Move > [MN11+RM+LMc CN21
STD11= SIDIT SID21=
P11: mnll SID31= P21::cn21
: P31::mnll

()

' MN12 : Move > MN12

STD12=" SI1D12

P12::mnl2 SID321=
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Successive move
MN moves again to Net4

SI Dﬂ%ﬁ: - rm4 Net3 Net4 Net?2
SIDI2,P4: rm4

Allocate’ ~~~_" Allocate! Allocate! Allocate!
PI::/64 “~~._ P3T:/064 P4::/64 P2::/64
= 7 Te~a STD1Z5RA2: tar42 SIDT2<P4::rm4
RM1 RM3+L M RM4+L V] RM?2
A P3arm3 P4 - armd
I
/ .
AR32+RM+L Mc AR42+RM+LMc '
(@) /i = P32:-ar32 P42::ar42
' MN11 ([ Move >IMN11+RM+LMc {[ Move »|MN21+RM+LMc MN21
SIDI1="— ; V T SIDIT SID21=
P11::mnlX P21::mn21
sipats
- -mnN
o: |
MNIZD [Move > [MNI2) [Move» [MN22 MN22
SID12= SID12 SID22=
P12::mnl2 P22::mn22
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Successive move
MN'’s session initiated at Net3

Net4d

Allocate!
P4 -/64

SJD31 P41::-mn2
S|D321 P42::ar

Net2

D
Allocate!
P2::-/64

}1%—8“[[)31 P4 rm4

RM4+LM

S SID3q Ei Zrm4)
ESID321 P4: rm4)

-

Allocate! ~~-_" Allocate!

PY::/64 “r-._ P31:/64
G [Tesie——
RM1 RM3+uﬁ_'_
P3

AR32+RM+LMC

rm4

AR42H?M+LMC ///\\

@ / : P32
. MN11 | @EM!\J}JfMB_ﬂ_MQ_: Move > 'Vl N21+'V| R+L 'VIC MN21
: SID21=
; SID31= SID31 P21::mn21
: P31::mnll SID41=
: P41::mn21
) I R
'MN12; [Move » {MN12; ::I\/Iove > [MN22 MN22
SID22=
SID321= SID321 P22::mn22
What | have is only borrowed from God so P%%tlu;eé m;lﬂgrnic mobility mana Q421_ Wireless broadband network
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Successive move

MN’s sessions Initiated at Netl and Net3
€3|qu b5 - rm4g €5|D3q BA- - rmay Mg Net2

SID12,P4: :rm4 SID324,P4: rm4)

Allocate’ ~~~_" Allocate! Allocate! Allocate!
Pl1::/764 “F~._ P3 - /64 P4-:/64 Igillé?4P4 .
! A = = om Zrm
=TT - ESTE% §§2%aﬁ42 anﬁfféTU121331 A rn

RM1 RM3+L N RM4+LM

B P3xrm3 rm4

AR32+RM+LI\/IC AR42+RM+LI\/IC
(,_a_)___i _____ HE NN AN P3
' MN11 | I\/Iove > MN11+RM+LMc [ Move > MN21+RM+LI\/IC MN21
STD11= SIDIT T SIDIT SID21=
P11: mnll SID31= SID31 P21::mn21
: P31::mnll SID41=
; P41::mn21

) I R .

MN12 j@@@3> MN12'| :]£g§>> MN22 MN22
SID12=" SID12 SID12 SID22=
P12::mnl2 SID321= SID321 P22::mn22
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Mobility Management Framework:
Home network of application (where appl started)

ESIDﬂ b5 - rm4g Esm?ﬂ BA- - rmay Mg Net2

SID12,P4: :rm4 SID324,P4: rm4)

Allocate’ ~~~_" Allocate! Allocate! Allocate!
Pl1::/764 “~~._ P3T:/064 P4-:/64 P2-:/64
5 ~~J. ! ES D11/31,P41::-mn21 SIDll/Sm P4: rm4

e Tead SID12/321,P42::ar4 S|D12/3zi P4:
RM1 RM3+L M RM4+LI\/I

7 P3x1rm3 rma

AR32+RM+LI\/IC AR42+RM+LMC
(a)h _____ I Y A P32
' MN11 | Move > MN11+RM+LMc [ Move > MN21+RM+LI\/IC MN21
SIDT1= SIDIT T SIDIT SID21=
P11: mnll SID31= SID31 P21::mn21
: P31::mnll SID41=
; P41::mn21

) I R .

' MN12 : ::I\/Iove > IMN12: Mov::e > |[MN22 MN22
SID12=" SID12 SID12 SID22=
P12::mnl2 SID321= SID321 P22::mn22
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Copying LM info to all networks

€3|Df1'5% rm3g ESInygsﬁz:rmB

SID12,P3:2rm3 SI1D124P3: - \rm3

L MIHCMZIL M3 L M3HCMTL M2

Allocate! Allocate!
P1::/64 P3::/64

5 sS1D11 JP31::mnil
N SID12-P32 -ar32

RM1 RM3+L V]
A Ps.prm3
; AR32+RM+LMc
@ ¢ : P32::ar32
' MN11 | Move > [MN11+RM+LMc
STDI1= SIDII
P11: mnll SID31=
: P31::mnll
0) i
' MN12 : Move > MN12
SID12— SI1D12
P12::mnl2 SID321=
What | have is only borrowed from God so Ps(%tlb;te:dm{a ;y%mic mobility management
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sip11°h3: - rm3

SID12,P3:5rm3’

L M2+CM3HL M1

Allocate!
P2::/64
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Copying LM info to all networks
before handover

Netl Net3 Net2
LMEHIMZLMS L M3+CMTHLM2 L M2+CM3HL M1
Allocate! Allocate! Allocate!
P1--/64 P3--/64 P2-:/64

1 1 |

e .

RM1 RM3+L M

& Ps.yIrm3
i AR32+RM+LMc ‘
@ ; P32:-:-ar32
MN11 !
STDI1=
P11: mnll

(Pli ________________

'MN12 | . MN22

SID12=" STD22=

P12::mnl2 P22::-mn22
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Copying LM info to all networks

€3|Df1'5% rm3g ESInygsﬁz:rmB

SID12,P3:2rm3 SI1D124P3: - \rm3

L MIHCMZIL M3 L M3HCMTL M2

Allocate! Allocate!
P1::/64 P3::/64

5 sS1D11 JP31::mnil
N SID12-P32 -ar32

sip11°h3: - rm3

SID12,P3:5rm3’

L M2+CM3HL M1

Allocate!
P2::/64

RM1 RM3+L 1
& Ps.prm3
; AR32+RM+L Mc 3
@ ; : P32::ar32
' MN11 | Move > [MN11+RM+LMc
STDI1= SIDIT
P11: mnll SID31=
: P31::mnll

o: - -+ 1.

' MN12 : Move > MN12 EL MNZ__Z_E
STDI2=" SID12 SID22=
P12::mnl2 SID321= P22::mn22

What | have is only borrowed from God so Ps(%tlb;te:dm{a ;y%mic mobility management Wireless broadband network
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Mobility Management Framework:
HoA of application (in network where appl started

Netl Net3 Net2
(E%l::mgil,
IImr
—a](P12< :mnl2, — @
(PB: “mr3) :
Allocate ! Allocate ! Allocate
P1::/64 P3::/64 P2::/64
| | |
GW3+MR3+MC
P3::mr3
P11::-mnl11 (P12::mnl2
(P31::mn115 P32 :ar32)
R32+MC
P32::-ar32
(proxy IP32)
____________ , ' Move13 > MN11+MC CN21
PI1::mnll P11::mn11(HoAll) PII%:Zian:L
(HoA11) \ P31::mn11(IP31) (IP21)
)y
MN12 ; Move13 > MN12
P12: :mnl12(HoAl2)

P12: :mn12(HoAl2)
P321::mm12(IP32)
What | have is only borrowed from God so

distributed and dynamic mobility management
that | may serve others. H Anthony Chan
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Distributed mobility anchors-Architecture

RM: Routing Management Location Management

function (data plane) function (control plane)

¢ Network-based: RMin ¢ LM Is supported by
every network, at GW distributed database

which may move down
to AR In flat net

¢ Host-based: MR at

host

RM RM

MN31 MN32 MN11
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DMM

ESIqu B%-:rmB

SID12,P3:2rm3

Allocate! ~=--_-1_
PI-:/64 | T
RM1
@ ¢
:MNlli Move >
S1D11=
P11: mnll
(b_)__i _____ |
IMNlZ Move >
STD12="
P12::mnl1l2

What | have is only borrowed from God so
that | may serve others. H Anthony Chan

Net3

Allocate!
P3::/64

=-<(S1D11,P31: :mnll

StDlZ;PSZ -ar32

RM3+LM
P3:x1rm3

AR32+RM+LMc
P32::ar32
MN11+RM+LMc
SID11
SID31=
P31::mnll

MN12

SI1D12
S1D321=

distributed and dyrErﬁ:Z‘rlb;ity: mmagegent

Net2
3
Allocate!
P2::/64
|
RM2
CN21
SID21=
P21::cn21
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ESIqu B%-:rmB

SID12,P3:2rm3

Allocate!

-
-~
-
—
—
-
-
-~
- om -
—~—
~
- om —
. -

DMM

RMl 1st/ packet

MN11{ [Move »
STDII=

(a)
P11: mnll

P12::mnl1l2

What | have is only borrowed from God so
that | may serve others. H Anthony Chan

|V||\i12 Move »
SID12—

Net3 Net?2
<> D
Allocate! Allocate!
P3::/64 P2 - /64
— == SIDll-PBl “mnid S1D11,P3::ar3
SrDiz,nP32¢_g_r_3_2________________I‘_D_-12~,|P3 -ars3
RM3+LI\/I after 1st packet RM2
P3 Mr'm3

u \\

i\ AR32+RM+LMc
| 4 P32::ar32

MN11+RM+LMc CN21
SIDI1 SID21=
SID31= P21::cn21
P31::mnll
MN12
SID12
SID321=
distributed and dyrgrﬁza'rlb;ity: mmagegent Wireless broadband network
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Distributed mobility anchors

¢ Distributed versus centralized mobility anchors
¢ Splitting control and data planes: Architecture
¢ Unified formulation of Internet mobility

¢ DMM Route optimization mechanism example
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DMM
direct route

ESIqu B%-:rmB

SID12,P3:2rm3

Allocate!

-
-~
-
—
—
-
-
-~
- om -
—~—
~
- om —
. -

RMl 1st/ packet

MN11{ [Move »
STDII=

(a)
P11: mnll

P12::mnl1l2

What | have is only borrowed from God so
that | may serve others. H Anthony Chan

- o
—
-~
-~

|V||\i12 Move »
SID12—

Net3

Allocate!
P3::/64

-~
-

- o

-

AR32+RM+LMc
P32::ar32

MN11+RM+LMc
SID11
SID31=
P31::mnll

MN12
SI1D12
S1D321=

distributed and dyrErﬁ:Z‘rlb;ity: mmagegent

Net2
3
Allocate!
P2::/64
|
RM2
CN21
SID21=
P21::cn21
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DMM
route segments

¢ CN—MR(CN)

¢ MR(CN)—MR(MN) 03

¢ MR(MN)—MN

What | have is only borrowed from God so
that | may serve others. H Anthony Chan

Net3

P3::/64

RM3+L M
P3:x1rm3

AR32+RM+LMc
P32::ar32
MN11+RM+LMc
SID11
SID31=
P31::mnll

MN12
SI1D12
S1D321=

distributed and dyrErﬁ:Z‘rlbi:ity: mmagegent

Net2
3
Allocate!
P2::/64
|
RM2
CN21
SID21=
P21::cn21
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DMM
CN—MR(CN)

Net2
¢ CN—MR(CN)
D
¢ MR(CN)—MR(MN) Alocate
P2::/64
¢ MR(MN)—MN !
RM2
CN21
SID21=
P21::cn21
What | have is only borrowed from God so distributed and dynamic mobility management Wireless broadband network
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DMM
CN—MR(CN)

Net2
¢ Co-locate the MR
function at a
Allocate!

convenient location to P2::/64

which the packets will .
RM2

always pass. Such
locations may be a
gateway (GW) or an
AR.
CN21
SID21=
¢ Use anycast to route STl
the packets to the
nearest MR function.
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Anycast

¢ Use anycast to route the packets to the nearest MR
function.

¢ Each MR includes all the HOAs In its route
announcements as if each of them is the destination
for the HOA. Such route announcements affect routing
tables such that the packets destined to a HoA will be
routed to the nearest MR.
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Anycast

¢ Use anycast to route the packets to the nearest MR
function.

¢ Each MA in its network owns a unique set of IP
prefixes to allocate home network prefixes or HoAs to
the MNSs registered to that network. The HOA prefixes
of all the MAs form a superset of HOA prefixes. Some
prefixes in this superset may be aggregatable, but
some may not. Each MA advertises the superset of
these HoOA prefixes using anycast so that an |IP packet
sent to any HoA will be intercepted by the MA nearest
to the sender.
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Example of Anycast of HOA Prefixes

MA of Network P MA of Network 2) ) MA of Network 2) )
. aIIoc_ates HoA with _-allocates HoA with _-allocates HoA with
~prefixes P1A, P1 _prefixes P2A, P2 _prefixes P3A, P3

PA,PB,P3C PA,PB,P3C PA,PB,P3C

¢ The MR In each network broadcasts the superset of
prefixes PA, PB, P3C, where PA is the aggregate of
P1A, P2A and P3A, and PB is the aggregate of P1B
and P2B.
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DMM
MR(CN)—MR(MN)

Net3 Net2
¢ MR(CN) pulls the LM

c c —_——_— 3
Information from LM1
_ _ _ ! Allocate!
¢ LM information is | fib
pushed to MR(CN) - « =5
P3-:rm3
CN21
SID21=
P21::cn21l
What | have is only borrowed from God so distributed and dynamic mobility management Wireless broadband network
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DMM

MR(CN)—MR(MN)

¢ MR(CN) pulls the needed internetwork location
Information by querying the LM database and uses the
result to tunnel the packets to MR(MN).

¢ Optionally the first packet or the first few packets may
be forwarded using MIPv6 or PMIPv6 while the
database query is perform in the meantime. Then, the
first packet may incur a non-optimal route rather than
wait for the query reply. After receiving the reply,
subsequent packets are tunneled directly to MR(MN).
The query result may be cached for forwarding future
packets.
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DMM
MR(CN)—MR(MN)

¢ MR(HoA) pushes the LM information of MN to
MR(CN) which may then cache this LM binding and
use this information to tunnel such future packets
directly to MR(MN).
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DMM

MR(CN)—MR(MN)

¢ MR(CN) routes the first packet to the home network
using MIPv6 or PMIPv6. The MR at the home network,
MR(H0A), intercepts this packet and, with the help its
LM server, knows whether the MN has moved to a
different network and uses the LM mapping to tunnel
the packet to MR(MN). Meanwhile

¢ MR(HoA) pushes the LM information of MN to
MR(CN) which may then cache this LM binding and
use this information to tunnel such future packets
directly to MR(MN).
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DMM
MR(MN)—MN

. Net3 Net2
¢ Intra-network mobility
S )
management
Allocate! Allocate!
P3::/64 P2::/64
1 I
RM3+L 1] RM2
P3:xIrm3
AR32+RM+LMc
P32::ar32
MN11+RM+LMc CN21
SIDI1 SID21=
SID31= P21::cn21
P31::mnll
MN12
SID12
SID321=
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Recelving 1st packet

gs 1011653 - - rm3 NAEE
SID12 P3::rm3

Allocate’ ~~-~_" Allocate!
P1: /64 “k-.. P3::/64

SI1D12,P32:--ar32

; _______J%SLDlllPBl TmRd
RMl 1st/ packet RM3+LI\/I

m\ rm3
I\
AR32+RM+LMc
@ ; L 4 P32::ar32
' MN11 | Move > [MN11+RM+LMc
STDI1= SIDIT
P11: mnll SID31=
: P31::mnll
() i
' MN12 : Move > MN12
STD12=" SI1D12
P12::mnl2 SID321=
What | have is only borrowed from God so Pa%tlb;tf;dm{a ;y%mic mobility management

that | may serve others. H Anthony Chan

Net2

Allocate!
P2 - /64

S1D11,P3::ar3
IﬁiZyP3 -ar3

RM2

CN21
SID21=
P21::cn21
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Recelving subsequent packets using cache

binding at MR2

€3|qu B5- -3 NEAES
SID12,P3:2rm3

Allocate’ ~~-~_" Allocate!
P1: /64 “k-.. P3::/64

! _ A(SID11,P31: :mnd
== == ) SIDZI:2,|P324 zan32

RMl lst packet RM3+LI\/I
& P33 rm3

; 3 “\_AR32:+RM+LMc
@) ; : v P32::ar32

' MN11 | Move> MN11+RM+LMc
S1D11= SIDI1
P11: mn11 SI1D31=

: P31::mnll

:—_M-NI_ZHE Move MN12
SIDI2=" E S1D12

P12::mnl2 SID321=
Pa%tlb;tf;dm{a ;y%mic mobility management

What | have is only borrowed from God so
that | may serve others. H Anthony Chan

after 1st packet RM2

Net2

Allocate!
P2 - /64

S1D11,P3::ar3
IﬁiZyP3 -ar3

CN21
SID21=
P21::cn21

Wireless broadband network
Page 78 January 11, 2014



Other packets from GW2 may also use this

Cache binding

€3|qu B5- -3 NEAES
SID12,P3:2rm3

Allocate’ ~~-~_" Allocate!
P1: /64 “k-.. P3::/64

! _ A(SID11,P31: :mnd
=== 7 SIDZI:2,|P324 zan32

RMl 150 packet | RMB+LM
7 PAsE P33 rm3

i 3 L\ AR32+RM+LMc
(@) ; : v P32::ar32

' MN11 | Move> MN11+RM+LMc
S1D11= SIDI1
P11: mn11 SI1D31=

: P31::mnll

:—_M-NI_ZHE Move MN12
SID12=" E SID12
P12::mnl12 SID321=

What | have is only borrowed from God so Pa%tlb;tf;dm{a ;y%mic mobility management
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after 1st packet RM2

Net2

Allocate!
P2 - /64

S1D11,P3::ar3
IﬁiZyP3 -ar3

AR21

CN21
SID21=
P21::cn21

MN22

SID22=
P22::mn22
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Cache binding at MR2 timeout when no more
packets are received from MR2

€3|qu B5- -3 NEAES
SID12,P3:2rm3

Allocate’ ~~-~_" Allocate!
P1: /64 “k-.. P3::/64

SIDIZ;PSZ -ar32

A - _‘.%SLDll JP31::mid
RMl lst packet RM3+LI\/I

/R‘ml"
I\

X 2 AR32+RM+LMc
G | 4 P32::ar32
MNI1 | @ MNLL+RM+LMc
STDI1= SIDII
P11::mnlk S1D31=

: P31::mnll
) i
: MN12 Move > MN12
SID12=" SID12
P12::mnl12 SID321=

Pa%tlb;tf;dm{a ;y%mic mobility management

What | have is only borrowed from God so
that | may serve others. H Anthony Chan

Net?2
D
Allocate!
P2::/64
|
RM2
AR21
CN21
SID21=
P21::cn21
MN22
SID22=
P22::mn22
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Sending 1st packets by tunneling back to MR1

gs 1011653 - - rm3 NEAES
SID12 P3::rm3

Allocate! ~~-_" Allocate!
PY::/64 “k... P3::/64

! - SLDll JP31: -mpkb)—
= :: SID12,|P32 -ar32

RMl 1st/ packet Flgl\él3+LI\/l

i&rmB
If source SID12
tunnel to RMl

u

I\ AR32+RM+L Mc

(@ ; " oo ars2
' MN11 | Move > [MN11+RM+LMc
STDI1= SIDIT
P11: mnll SID31=
: P31::mnll

() i

' MN12 : Move > MN12

STDI2=" SI1D12

P12::mnl2 SID321=
What | have is only borrowed from God so Pa%tlb;tf;dm{a ;y%mic mobility management
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ES I DZi\IeFEF -rm4

SID22 P4::-rm4

Allocate!
P2::/64
|

[ [ — .
5-

RM2

AR21

MN21

SID21=
P21::mn21

MN22

SID22=
P22::mn22
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Sending subsequent packets
using cached binding

Esmﬂ Bs--rm3 e Esmzi\'eptf rma

SID12,P3:2rm3 SID22:P4::-rm4

Allocate’ ~~-~_" Allocate! Allocate!
Pl1::/764 “k... P3::/64 P2-:/764
! 0 SAD11 JP31::mpl)— . 5
- T TASIDE2P32iTars) T =
RM1  1st packet | RM3+LM after 1st packet RM2

If source SID12 use
(S1D21,p2::rm2)
else tunnel to RM1

| I\ AR32+RM+LMc AR21
@ ; : ; P32::ar32
' MN11 | Move > [MN11+RM+LMc MN21
STDI1= SIDIT SID21=
P11: mnll SID31= P21::mn21
5 P31::mnll
() i
' MN12 | Move > MN12 MN22
SID12=" SID12 SI1D22=
P12::mnl12 S1D321= P22::mn22
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DMM with 4 networks

ESIDﬂ B5:-rm3 e A gsmzi\'eﬁtf rm4

SID12,P3:2rm3 SID22:P4::-rm4

Allocater ~=~<" Allocate! Allocate! Allocate!
PI::/64 “F~n--PYC - /64 P4::/64 P2::/64
! S1D11,iP31::mnll ! !
L SIDIZ;PSZ -ar32 - 0
RM1 RM3+L M RM4+L M RM2
2 P31§rm3 P4: nrm4
I\ /
W\
- I\ AR32+RM+LMcC AR42+RM+LMc AR21
@ ¢ ) P32::ar32 P22: - ard2
' MN11 | Move > [MN11+RM+LMc MN21+RM+LMc MN21
SID11= SIDIT STDZT SID21=
P11: mnll SID31= S1D41= P21::mn21
5 P31::mnll P41::mn21
0) i
’MN12: Move » MN12 MN22 MN22
SID12=" SID12 S1D22 SID22=
P12::mnl12 SI1D321= SI1D421= P22::mn22
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Both nodes move

sipt 1€k} : - rm3 M ML SI1D21 B~ - rma
SID12,P3:2rm3 SID22 P4::rm4
< >
v
Allocater ~~~<" Allocate! Allocate! Allocate!
P1::/64 “k-._ P3::/64 P4-:/64 P2-:-/64
5 ‘S1D11 P31 :=mn1l) (SID21 P41 mn21 !
e SIDIZ;PSZ -ar32) (SID22,P42::ar42 0
RM1 RM3+L M RM4+L M RM2
P3 ﬂ'rmB P4: nrm4 :
I\ / -
H 5 \
: I\ AR32+RM+LMcC AR42+RM+LMc ¥\ “AR21
@ ¢ ) P32::ar32 P42 ara2 [
' MN11 | Move > [MN11+RM+LMc MN21+RM+LMc <::Move 'MN21:
S1D11= STDIT SI1D2T SID21="
P11: mn11 SID31= SID41= P21 : mn21
; P31::mnll P41::mn21 :
0) i AN
' MN12 : Move > MN12 MN22 < Move L|\/|N22
SID12=" SID12 SID22 SID22=
P12::mnl12 SID321= SID421= P22::mn22

What | have is only borrowed from God so Ps(%tlb;te:dm{a ;y%mic mobility manaE)e‘ﬂigtl Egs mm22
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Both nodes move

1st packet
SIDLICPS: - rm3 NAEE NSz S1D21°F%L - rma
SID12,P3:2rm3 SID22 P4::-rm4
< >
v
Allocater ~~~<" Allocate! Allocate! Allocate!
P1::/64 “Faac? P3: /6'4 P4::/64 pP2: /614
! SR IY - — —€SID21 -P41::m|12
_w:'_" ‘\,,-i SID22 -P42 ar4 T TS e
RM1  1st/ packet | RM3+LM RMA+L N Rlviz
P3S g Irm3 PA4: arm4
If source SID12
tunnel to RM1 I
4
I\ AR32+RM+LMc AR42+RM+LMc ¥\ “AR21
@ ¢ ) P32::ar32 P42 ara2 [
' MN11 | Move > [MN11+RM+LMc MN21+RM+LMc <::Move 'MN21:
SID11= SIDIT STDZ21 SID21="
P11: mn11 SID31= SI1D41= P21: mn21
: P31::mnll P41::mn21 :
0) i e
' MN12 : Move > MN12 MN22 < Move L|\/|N22
STD12=" SID12 S1D22 SI1D22=
P12::mnl12 SI1D321= SiID421= P22::mn22
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Both nodes move

2nd packet
SIDLICPS: - rm3 NAEE NLE s1D21Ff - rma
SID12,P3:2rm3 SID22 P4::-rm4
< >
i
Allocater ~~~<" Allocate! Allocate! Allocate!
P1::/64 “~-.. P3::/64 P4::/64 P2: /6|4
5 ~ I--="TSok ID21 P41z :mA2
L Tt ~u=cT S1D22, ||3424 ar42 T \Al
RM1 RM3+LM RM4+LM 2nd | packet RMZ
P3;§rm3 P4: mrm4
If source SID12 use
(SID21,p2:-rm2) /l ;
else tunnel to RM1 g
; I\ AR32+RM+LMc ARA2+RM+LMc Y- ‘“AR21
@ ¢ ) P32::ars2 Paz2-iara2 i
MN11 :Move > [MN11+RM+LMc MN21+RM+LMc|¢ Move | (MN21 !
SID11= SIDIT STDZ21 SID21="
P11: mn11 SID31= SID41= P21: mn21
5 P31::mnll P41::mn21 :
(o) i e
' MN12 . Move > MN12 MN22 Move L|\/||\|22
STD12=" SID12 S1D22 /]\': SID22=
P12::mnl12 SID321= SID421= P22::mn22
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Both nodes move
subsequent packets

sipt 1€k} : - rm3 M ML SID21 B~ - rma
SID12,P3:2rm3 SID22 P4::rm4
< >
v
Allocater ~~~<" Allocate! Allocate! Allocate!
P1::/64 “~... P3::/04 P4:-/64 P2-:/64
! T~ ! SID21 P41z -mn21 5
= \‘~,| ____________ S_ !322 |P42 -ard2 o
RM1 RM3+LI\/I 3rd/ packet | RM4+LM RM2
*rm P4: arm4
- If source SID12 use
(SID21,p4:=-rmd) /l
‘ else tunnel to MR1
I\ ARZ2+RM+LMc ARA2+RM+LMc i\ ‘“AR21
@ ¢ ) P32::ars2 Pa2:-ara2 [
' MN11 | Move > [MN11+RM+LMc MN21+RM+LMc <::Move 'MN21:
S1D11= STDI1 SI1D2T SID21="
P11: mn11 SID31= SID41= P21: mn21
; P31::mnll P41::mn21 :
0) i A
' MN12 : Move > MN12 MN22 < Move L|\/|N22
SID12=" SID12 SID22 SID22=
P12::mnl12 SID321= SID421= P22::mn22
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DMM networks with Access GW and AR

ESIqu B%-:rmB

SID12,P3:2rm3

Allocate!

s
—
—
—
-~
—
—
PI::/64 B
] -
- - -
; .
—

Net3 Net2
<> D
Allocate! Allocate!
P3::/64 P2 - /64
== SIDlllPBl “mRd S1D11,P3::ar3
IﬁiZyP3 ar3

StDlZ;PSZ -ar32
<

GW1+RM 1 1st packet

MN11{ [Move »
STDII=

(a)
P11: mnll
(b_)__i _____
: MN12 ! Move
SID12— E
P12::mnl1l2
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G 3+RM3+LM after 1st packet GW2+RM2
3w rm3

u \\

i\ AR32+RM+LMc
| 4 P32::ar32

MN11+RM+LMc CN21
SID11 SID21=
SID31= P21::cn21
P31::mnll
MN12
SID12
SI1D321=

distributed and dyrErﬁ:Z‘rlb;ity: mmagegent

Wireless broadband network
Page 88 January 11, 2014



DMM with flat networks

ESIqu B%-:rmB

SID12,P3:2rm3

Allocate!

~
LS
-~
-~
-~
-
-~
-~
- o= -~
-~
~
- - -~
- —
-~

Net3

Allocate!
P3::/64

==-<(S1D11 P31z :mnl

StDlZ;PSZ -ar32
e

AR1+RM1 1st packet

MNll :|\/|ove >
S1D11=

(a)
P11: mn11
(b)_f‘e ______
: MN12 ! Move
SID12— E
P12::mnl1l2
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'l
|
n
n
n
]
n
n
]
]

y
MN11+RM+LMc
SID11
SID31=
P31::mnll

MN12

SI1D12
S1D32=

distributed and dyrgrﬁ%;b;imqagement

Net2

Allocate!
P2 - /64
S1D11,P3::ar3

AR3+RI\/I3+LM /AR3+RI\/I3+LMC

IﬁiZyP3 -ar3

after 1st AR2+RM2

packet

CN21
SID21=
P21::cn21
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DMM

sipa1ehs: - rm3 e S 2
SID12 P3::rm3
S A
Allocate! ~=--_-1_ Allocate! Allocate!
PY::/64 | T--___ P3::/64 P2::/64
" A ---T T _Iz=a-=: S1D11,P31::mnll !
- SID12 ,IP32 -ar32 1
GW1+RM1 GW3+RM3+L M GW2+RM2
£y P3Ix1rm3
AR32+RM+LMc
@) ; : P32::ar32
' MN11 | [ Move > MN11+RM+LMc CN21
STD11= STDIT SID21=
P11: mn11 SID31= P21::cn21
: P31::mnll
0) i
' MN12 | ::Move > MN12
SID12— SID12
P12::mnl12 SID321=

distributed and dyrErﬁ:Z‘rlb;ity: mmagegent
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DMM

ESIqu B%-:rmB

SID12,P3:2rm3

Allocate!

s
—
—
—
-~
—
—
PI::/64 B
] -
- - -
; .
—

Net3 Net2
<> D
Allocate! Allocate!
P3::/64 P2 - /64
== SIDlllPBl “mRd S1D11,P3::ar3
StDiZ,.PSZ -ar32 I‘D-12~,.P3 -ar3

GW1+RM 1 1st packet

MN11{ [Move »
STDII=

(a)
P11: mnll
(b_)__i _____
: MN12 ! Move
SID12— E
P12::mnl1l2
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G 3+RM3+ M after 1st packet GW2+RM2
3w rm3

u \\

i\ AR32+RM+LMc
| 4 P32::ar32

MN11+RM+LMc CN21
SID11 SID21=
SID31= P21::cn21
P31::mnll
MN12
SID12
SI1D321=
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