MPLS (217 3)

NSC93-2213-E-009-031-
93 08 01 94 07 31

94 6 15



MPLS

NSC 93-2213-E-009-031-
93 08 01 94

9 4

07

31

(2/3)

16



Multi-Protocol Label Switching MPLS
Internet  Ad-hoc  GRPS  WLAN
Packet Forwarding End-to-End
Quality of Service QoS Mobile Intelligent
Agent Seamless Handoff

Internet  GPRS WLAN Ad-hoc

GPRS GPRS IP-in-1P
1. 2.1P
3. IP-in-1P
protocol overhead GPRS
IP GPRS IP Internet QoS
QoS

Infrastructure  Ad-hoc

Infrastructure AccessPoint AP
Mobile Host MH AP
AP MH Ad-hoc AP
MH Ad-hoc Infrastructure
Infrastructure Extension
QoS Loca

Region



End-to-end Seamless
Handoff

MPLS Internet Engineering Task Force |IETF
MPLS Label Swapping IP Routing
hop-by-hop 1P Routing Packet Routing
QoS
Ad-hoc GPRS QoS

MPLS End-to-end QoS

Seamless Handoff Ad-hoc GPRS
MPLS QoS
MPLS Label distribution and switch Ad-hoc MPLS
MPLS QoS MPLS
(GPRS Wireless LAN Bluetooth )
Extended Infrastructure (end-to-end)

|l EEE 802. 11
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Wireless

Wireline
Internet
GPRS WLAN Ad-hoc
End-to-end QoS Seamless Handoff
Routing Path QoS
QoS DiffServ differentiated services
DiffServ. QoS (datalink layer) (Label)
MPLS(Multi-Protocol Label Switch)
QoS MPLS router
Label hop-by-hop  IP routing
QoS
Ad-hoc GPRS QoS
MPLS End-to-end QoS
Seamless Handoff Ad-hoc GPRS
MPLS QoS
MPLS Label distribution and switch Ad-hoc MPLS
MPLS QoS MPLS
(GPRS Wireless LAN Bluetooth )
Extended Infrastructure (end-to-end)
Ad-hoc  routing QoS Ad-hoc
Multi-Protocol Label Switch (MPLS) Ad-hoc MPLS
Ad-hoc MPLS QoS
Ad-hoc network topology
routing path topology QoS

Extended Infrastructure network topology Ad-hoc



GPRS

protocol overhead
IP GPRS IP
QoS
Multi-protocol Label Switching (MPLYS)
MPLS 1. IP

IP-in-1P MPLS

QoS
MPLS

GPRS IP-in-1P
1 2.1P
IP-in-1P
GPRS
Internet QoS
GPRS
2.
IP-in-IP
IP

QoS



Multi-Protocol Label Switching MPLS in GPRS
MiGPRS Ad-hoc MPLS AMPLS routing Infrastructure
extenson MiGPRS
Pre-configured LSPsin MiGPRS
Differentated Service  MiGPRS
MiGPRS without GTP Tunneling
QoS  Inter-SGSN

inter-SGSN
MiGPRS
Ad-hoc MPLS AMPLS
Ad-hoc Network  network layer Routing Protocol
MPLS Label Distribution and Switch Ad-hoc network
AMPLS infrastructure Extended
Infrastructure
Pre-constructed LSP ~ On-demand LSP
QoS negotiation for Differentiated services through Pre-constructed L SPs
AMPLS
Extended Infrastructure MiGPRS
GPRS WLAN
Ad-hoc end-to-end
Mobile Intelligent Agent
seamless handoff

Gateway

[1.
MiGPRS
A. Pre-configured LSPsin MiGPRS

MiGPRS MiGPRS



Diff-Serv domain (DS domain 2) Internet Diff-Serv
domain (DSdomainl) MIiGPRS MPLS Internet
router MPLS MPLS
MiGPRS Internet  router MPLS
label switched paths

MiGPRS GGSN SGSN MiGPRS
SGSN GGSN-SGSN label switched paths
pre-configured L SPs Internet CN
MiGPRS GGSN GGSN
SGSN GGSN
pre-configured LSP label switching SGSN

MiGPRS pre-configured LSPs
pre-configured LSPs
QoS

N ‘ DSdomain 2 (MiGPRS) ‘ ‘ DSdomain 1 (Internet) ‘

L =
éBSS\ v - GGSN Fz\_!

<+ — —»: Pre-configured LSPs
L SPi#j: LSPi, label j

Pre-configured LSPs in MiGPRS Networks

B. Differentated Service  MiGPRS

MiGPRS SGSN GGSN-SGSN
pre-configured LSPs label switched paths (connection-oriented)
QoS control MiGPRS
Diff-Serv pre-configured LSPs EXP-Inferred-PSC LSPs
(E-LSPs) Label-only-Inferred-PSC LSPs (L-LSPs)

MiGPRS pre-configured LSPs E-LSPs



Diff-Serv MiGPRS pre-configured LSPs

L-LSPs Diff-Serv
MiGPRS pre-configured LSPs E-LSPs E-LSP
PHB Scheduling Classes (PSCs) Explicited Forwarding (EF) Assured
Forwarding (AF) Default Forwarding (DF) QoS control CN
(Internet) MiGPRS GGSN
QoS EXP fied QoS
E-LSP SGSN
MiGPRS pre-configured L SPs L-LSPs L-LSP
PHB Scheduling Class (PSC) MiGPRS
QoS SGSN GGSN-SGSN L-LSPs
QoS QoS control CN
(Internet) MiGPRS GGSN QoS
QoS L-LSP SGSN
pre-configured E-LSPs pre-configured L-LSPs
MiGPRS Differentated Service

| DSdomein (MiGPRS)| | DSdomain 1 (Intemet) |

tagressEgressLSR ..
-~/  SGSN gGGSN?""

0
'''''
------
---------

e
*e
.
. .
.......
............

¥ N 4 ELSP

1 E-L SP, support
more PSCs

GGSN tunnelsincoming datain an
E-L SP, and sets EXP field that
specifies the PHB associated with
the data

Pre-configure E-LSPs in MiGPRS Networks to Support Diff-Serv



' DSdomein (MiGPRS)| | DSdomain 1 (Internet) |

EgressLSR" Ingress’Egress L.SR

P
.....
.
‘e

N AL

>N ¢ :L-LSP

1L-LSP, supports
one PSC

VAN

éBSS /é‘/"\\

Data (EF) | *,

GGSN tunnelsincoming data
in an L-L SP that supports the
PHB associated with the data

Pre-configure L-LSPsin MiGPRS Networks to Support Diff-Serv

C. MIGPRS without GTP Tunneling

MiGPRS without GTP tunneling

GTP
Gn

transmission plane

GTP

transmission plane

20 bytes

GTP layer

label stacking

P
way
mocg@ MPLSMPLS
(Frame(Framg
LLC( (Frame Relay/| Relay/
RSVP- RSVP- /Fij'_a)’ ATM)/ATM)
TE /GTP}—| TE/GTP| ——{BSsGP| ™)/
MPLS MPLS NW
L2 L2 Services L2 L2 | L2
L1 L1 L1 | L1 L1 | L1
GSN Gn GsN Gb  sGsN Gn  GGSN

Signaling Plane

Protocol Stack of Gn Interface of the MiGPRS without GTP Tunneling

Transmission Plane

GPRS

GTP



1.

Ptotocol Stack of MiGPRS without GTP Tunneling

MiGPRS without GTPTunneling  Gn protocol stack Gn
MPLS GGSN  SGSN IP
IP-in-IP tunneling transmission plane
TCP/UDP signaing plane  UDP MiGPRS
signaling plane RSVP-TE
QoS MiGPRS pre-configured L SPs
transmission plane GTP layer
GTPlayer transmission plane Mobile Station Identification
data flow control GTPlayer transmission plane
label stacking label stacking
Label Stacking GTP Header
transmission plane GTP layer Tunnel ID(TID)
data flow control ( GTP Sequence Number GTP Flow Label
GTP SNDCP N-PDULLC Number ) GTP layer  transmission
plane TID another label (inner 1abel)
inner label inner shim header MPLS label (20 bits)
EXP (3 bits) 23 bits inner shim header  EXP
|abel inner
|abel MiGPRS domain unique label SGSN TID
inner label MS Identification Label (MID Label)
7 bytes
Shim header

+
extensions for GTP

4 bytes

< >

Label S TTL Extension header

<«—23 bits—
3 bytes

\‘ GSEQ | GFLOW ‘GSNDCP-I;I

GSEQ: GTP Sequence Number
GFLOW: GTP Flow Label
GSNDCP-N: GTP SNDCP N-PDULLC Number

MPLS Shim Header Extension for GTP data flow control



GTP layer data flow control shim

header (extension fields) MiGPRS
inner shim header S bit extension fields
MiGPRS MiGPRS
inner shim header extension fields MiGPRS
GGSN  SGSN inner shimheader S Shit
1 MPLS shim header  label stack entry extension
GTP GTP Sequence Number GTP Flow Label
GTP SNDCP N-PDULLC Number byte
inner shim header  label (MID label)
SGSN inner shim header GTP data flow
control GTPlayer transmission plane

QoS  Inter-SGSN

inter-SGSN MiGPRS SGSN
E-LSPs E-LSPs  dedicated handoff E-LSPs
E-LSP MPLS 3-bits EXP CoS
PHB MiGPRS SGSN dedicated handoff E-LSPs
QoS

1. Transmit streams via pre-configured L SPs
2. Forwardsin-flight packets via dedicated handoff E-L SPs
3. Transmit streams via pre-configured LSPs in new route

~

— MS smultimedia streams -ﬂf] /
@ Pre-configured L SPs . é

= Dedicated handoff E-LSPs

QoS Support for Inter-SGSN Handoff



SGSN SGSN GGSN

inter-SGSN SGSN
GPRS GPRS
SGSN (forwarding) in-flight QoS
MiGPRS SGSN SGSN dedicated handoff
E-LSP (forwarding) in-flight in-flight QoS
SGSN1 GGSN  SGSN1
pre-configured LSP SGSN1 SGSN2 inter-SGSN
handoff SGSN1 SGSN2 dedicated handoff E-LSP( 2)
in-flight inter-SGSN  handoff
GGSN  SGSN2 pre-configured LSP
MS N-SGSN O-SGSN GGSN HLR
RA Update
reguest

» SGSN Context request

MID Labe request
SGSN Context response

h
MID Label response

Packet forwarding

Update PDP Context request

Update PDP Context response

RA Update
@’ Accept Update Location
—_—
MPLS

Signal Flows for Inter-SGSN Handoff in MiGPRS (without GTP tunneling)

dedicated handoff E-LSP

inter-SGSN MiGPRS dedicated handoff
E-LSPs
MiGPRS label stacking GTP
header MID label SGSN Tunnel ID
MiGPRS without GTP tunneling inter-SGSN handoff
MID Label SGSN



SGSN SGSN SGSN Context Request

MID Label Request SGSN SGSN SGSN Context
Response SGSN MID Label Response SGSN MID Label
Response MID Label Tunnel ID (IMSI NSAPI)

SGSN LTMIE
GPRS
E.
inter-SGSN
dedicated handoff E-LSPs (mobility behavior)
mobility model random walk
model

1. MiGPRS Dedicated Handoff E-LSP

dedicated handoff E-LSPs connection-oriented

inter-SGSN inter-SGSN
dedicated handoff E-LSPs dedicated handoff E-LSP
QoS
dedicated handoff E-LSP MiGPRS inter-SGSN
QoS dedicated handoff E-LSP
QoS MiGPRS inter-SGSN

dedicated handoff E-LSP
dedicated handoff E-LSP
Erlang-B capacity model

forced termination probability dedicated handoff E-LSP
inter-SGSN handoff
MiGPRS dedicated handoff E-LSPs Erlang-B
B(m, Ah/p) m dedicated handoff E-LSP
dedicated handoff E-LSP A h
SGSN SGSN

SGSN (inter-SGSN handoff occurrence rate) 1/u
inter-SGSN (duration of handoff time)
SGSN dedicated handoff E-LSP (forward) in-flight SGSN

Erlang-B B(m, Ah/p) dedicated handoff E-LSP
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dedicated handoff E-LSP

connection-orinted

Erlang-B (forced termination
probability) Pf
() fm
1 !
- i — <P (1)
My j /k !j
( Pr=2%) /A
u Q) m dedicated
handoff E-LSP (BELSP)
Be.Lss = M X By 2
Brms u
An SGSNs
SGSN SGSN (inter-SGSN handoff occurrence rate)
SGSN
inter-SGSN An
2. Inter-SGSN
inter-SGSN handoff
l.
<>
< SGSN n (subarea)
< SGSN (random
wak model)
1/6
> Exponential
distribution
< SGSN General distribution
Il.
< two-state Interrupt Poisson Process
(IPP) mode |PP model On Off
On
On duration Off

Off duration
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(Off ) (On )
B (On )
(Off ) a
< Exponential distribution
< Exponential
distribution
Pon= B /(o +B ) Pof=a /(a + )

|PP M odel

B

Stationary probability Stationary probability
Pon = B/(0+f) Pott = a/(a+()

Two-state Interrupt Poisson Process (1PP) model

1. Inter-SGSN
the MS move out of the old
the MS move into a SGSN SGSN and into a new SGSN
t, >
the previous (1)the next
connection connection
request arrival request arrival
t
« ton — pe—off ] ton >
(2)the next
connection
request arrival
|
———————————————— S A S S 5 S o U U S
Y (( Y My vV off y v S
A A A
N _ > < Lop ——»
Renewal interval ¢ Memoryless
Ah characteristic for
Exponential
the MS move out of the Distribution

boundary cell and into a
boundary neighbor cell
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Inter-SGSN

ts SGSN ( SGSN )
ton ton,
toii  toff (idle period)
JATS
3.  Inter-SGSN
SGSN n
SGSN MSSGSN
l.
SGSN
SGSN SGSN : An
Il.
1. PP model On state > Off state > On
state (renewal interval, )
renewal interval On state
Off state renewa interval  Off state  On state
2.
3. Exponentia distribution (memoryless)
(ton) SGSN
4.
inter-SGSN (An)
[I.
random walk model Pew
SGSN ( n ) cluster x sub-area
cell residential time cluster x sub-area
rate SGSN  rate M= 'R, (i)
MSsesn SGSN inter-SGSN

Jy = MSmax 3 [Py MR, ()] <P, @
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where

n:sublayers for a SGSN

R, (j):ratefor an MSmovesfromcluster j to
theouter cluster (j +1) inacell residentia time

P.(x : probability for an MSlocateswithin cluster x

. 1,for | = O,
Router (J):{ J }

[V2+(j-2)/3)/j.for 1< j< n.

. ]/[n[(n—l)/2+1],f0r x<1
e(x) _{x/[n fn-1)/2+1],for x>l}

3 inter-SGSN handoff rate bandwidth
estimation model Q) m bandwidth estimation model
2 dedicated handoff E-LSPs
F. MiGPRS
MiGPRS
GPRS MiGPRS (packet mean delay)
(packet dropping ratio) QoS pre-configured
E-LSPs  pre-configured L-LSPs  MiGPRS (connection blocking
ratio)
1
MiGPRS 7  SGSN
SGSN 6 SGSN SGSN 6
91 6
GPRS GGSN
SGSN SGSN IP-in-1P tunneling
MiGPRS GGSN SGSN SGSN
pre-configured LSPs SGSN dedicated handoff

E-LSPs MPLS label switching
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Topology Model for Simulation

MS's Mobility Model: Random

MS'sSession (3) | //

Walk Model
Input model
- »| MS's Session (1)
:{ MS's Session (2) V —
A
N 7
g ;

Input traffic

lorntas ( d‘ o)

generator

:{ MS's Session (n)
A

Connection Model

SCFQ: Self-clocked Fair Queuing a
o :leaky bucket size (bits)
p :leaky rate (bps) |BP Model @

IBP:Interrupt Bernoulli Process \B

Simulation Architecture

simulation architecture
input traffic model traffic generator leaky-bucket  regulator
connection model two-state  IBP model
(random walk
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model)
SGSN Self-clocked Fair Queuing

random walk model

simulation
discrete time mode two-state
Interrupted Bernoulli Process (IBP) model

I,
two-state (on and off) Interrupted Bernoulli Process (IBP)

model (input traffic state) ON OFF ON
OFF ON OFF
Pon-off OFF ON Poff-on
leaky-bucket
leaky-bucket (og.p) o bucket size (
bits) p leaky rate ( bits/sec.) arrival peak
rate  leaky ratep (input traffic)  arrival rate SGSN

Self-clocked Fair Queuing

Input Parametersin simulations

Par ameter Value |Unit Note

Bandwidth per link between 800,000 |Bps

GGSN and SGSN
Packet Size 4,000 |Bits
Average Packet routing 0.01 Sec. Statistical value

delay in ahop for GPRS

Average Packet routing 0.008 or |Sec.

delay in ahop for MiGPRS
ay in ahop for Mi 0,005
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Inter-SGSN handoff rate  |4.23 times’hour per MS  |only for Figure 5.3, 5.4
Packet’s delay-bound 30 MSEC. only for Figure 5.5, 5.6
MiGPRS GPRS (packet
mean delay) (packet dropping ratio)
MiGPRS label switching GPRS pure
|P-forwarding
100
90
80 /t
ey /
~ —m— GPRS (hop
Z 60 delay=0.01s)
_8 50 ¢ —A— MIGPRS (hop
% 40 | delay=0.008s)
s 30 /A —%— MIiGPRS (hop
' delay=0.005s)
20 +
o o - - S
O L L L L L L L L L L
Input Traffic Arrival Rate (Kbps)
Mean delay under various arrival rates
MiGPRS GPRS input traffic rates
packet mean delays GPRS routing delay
MiGPRS routing dealy MPLS
MiGPRS packet mean
delay GPRS input traffic  arrival rate 23
Kbps MiGPRS packet mean delay GPRS packet
mean delay MiGPRS GPRS
MiGPRS GPRS
MiGPRS label switching routing
delay
delay
bound (packet dropping ratio) MiGPRS
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GPRS delay bound values packet dropping ratio

MiGPRS traffic arrival rate
packet dropping ratio GPRS MiGPRS
GPRS
0.2
0.18
016 A— GPRS (lower arrivd rates,
g o ‘\ 18.1K bps)
X o —a&— GPRS (higher arrival rates,
()] \ 25.2Kbps)
£ u
§ oos | —&— MIGPRS (lower arrivd rates,
s \ x\ 18.1K bps)
‘\‘\‘_‘\‘\A —m— MIiGPRS (higher arrivd rates,
004 25.2Kbps)
0.02 \.§.—.—H
Packet Delay Bound (ms)
Dropping ratio under different delay bounds
MiGPRS dedicated handoff E-LSPs
packet delay-bound 30 ms
MiGPRS inter-SGSN  handoff mean delay
dropping ratio GPRS MiGPRS
dedicated handoff E-LSPs inter-SGSN QoS
80 r
0 —A— GPRS (lower ariva rates,
'g‘ 60 , 18.1Kbps)
% 50 | —— GPRS (higher arrival rates,
3 4 g / 25..2Kbps) |
(a) . —B8— MIiGPRS (lower arrival rates,
§ ‘/-A// 18.1Kbps)
S 20| = —=— MIGPRS (higher arrival rates,
; 25.2K bps)
10 A = —H
O N

423121 8.09769 11.59149 14.7963

Number of Inter-SGSN
Handoff / per hr. (per MS)

Mean delay under various inter-SGSN handoff rates
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0.2

—A— GPRS (lower arival rates,
18.1Kbps)

o1z —a— GPRS (higher arrival rates,

25.2Kbps)
008 / —5— MIiGPRS (lower arriva rates,
/ 18.1Kbps)

4 —m— MIiGPRS (higher arrival rates,

0.04
.- 252K bps)
N

Number of Inter-SGSN Handoff
[ per hr. (per MS)

0.16

Dropping Ratit

Dropping ratio under various inter-SGSN handoff rates

Inter-SGSN Analysisresult  Simulation result
MiGPRS dedicated handoff E-LSPs
dedicated handoff E-L SPs
inter-SGSN  handoffs QoS
Erlang B B(m, Ah/p)

dedicated handoff E-LSP

(b m
5[, Jo]

<P D

Be.Lsp = M X By (2
Ah SGSN
SGSN SGSN (inter-SGSN handoff occurrence rate)
SGSN inter-SGSN handoff
rate:
Ay =MSsax S [Py 1R, (1P @3)
x=0
inter-SGSN
inter-SGSN analysis result  simulation result
(random walk)
SGSN inter-SGSN handoff occurrence rate
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SGSN inter-SGSN  handoff

occurrence rate SGSN
SGSN 5.8 analysis result

simulation result inter-SGSN handoff occurrence
rate

Analysis result  simulation result

continuous time inter-SGSN handoff occurrence rate
continuous time  IPP simulation discrete time

model discrete time IBP
simulation random wak model

o
o

—A— Analysis result
—— Simulation result

o
i

o
w

©
=

\~=

Inter-SGSN Handoff Rate (per MS,
per min)

2 3 6
Number of Sublayersfor a SGSN

Analytical Result vs. Simulation Result (inter-SGSN handoff rate)

Ad-hoc MPLS
A. Ad-hoc Network  Network Layer Routing Protocol
Virtual Backbone Mobile Ad-hoc Network
network layer Ad-hoc Network Topology routing
protocol Ad- hoc clusters
cluster agent agent Mobile Hosts( MHS)
agents clusters cluster

core manager( core) core network
end-to-end agent to core core to core core to agent
( ) signal datapacket  routing delay

Ad- hoc network routing protocol

MPLS Virtual Backbone  survey
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Cluster 3
Cluster1 e ﬂ“\h

N e .l g’
P

Caore 1

MANET
Virtual Backbone generd clustering
clustering Agent- Based
core core Ad- hoc Backbone cluster
agent  core Ad-hoc Access Network cluster
agent core Backbone Ad- hoc cluster
Qo S
Agent- Based
host Agent- based Graph Agent- based Graph
Core-based Graph
5. Agent- Based Graph AG)
Ad-Hoc topology Agent- based
Graph( AG) Ad-hoc
MH MH
Ad-Hoc topology complete graph complete
graph Supernode MANET topology AG complete graph
complete graph MH k-complete complete
graph k MH
Ad-Hoc topology AG
Supernode s=Ck k-complete Supernode  MHs

Supernode Supernode  link
Supernode Supernode

hoss A B C Ad-Hoc topology
3-compl et e A G Supernode sl host
D Ad-Hoc topology A B C 3-complete
AG host s2 Supernode sl hosts E
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Core- Based Graph(CG)

Agent- based Graph Core- based Graph
core R. Sivakumar
core MH QoS routing flooding
AG Core- based Graph(CG)
R. Sivakumar core CG
AG complete graph  Supernode manager
AG agent core
dom( v ) dom( v ) agent  core
node A Gupernode a gn tMS core node MS
core node
@D agentu  degreed(u) u a* (u) u core
node host
(2 u broadcast message (u d*(u) d(u) dom(v))
©) MH u dom(u)
i. u v v (d(v) d*(v)) degree
core degree host
core node

22



4 u d*(u)>0 u

core node

i. u core u broadcast

path_traversed message

core

ii. agent w message

message ( i-1>0) i-1=0

hops agent w

core core

core  routing
manager cC
Ad-Hoc

AG

I

(a) &y — {8 AG H

cor e

Graph
CG

core

(W& — B H A& e OO
AG

clustering
core
router router
router router

QoS guarantee  traffic engineering

B. MPLS

23

core

message

AG

Virtual Backbone
Virtual Backbone

MANET

Label Distribution and Switch

v d*(v) 1

(u, 3, path_traversed <null)
core

core

(u, i-1, path_traversed+w)

agent u

message
hop
flooding

core

agent
Core- based
AG

topology

Link Failure

router
Virtual Backbone
connection-oriented

core

Ad-hoc



Network

MPLS Label Distribution and Switch MANET
Single Label LSP Label Distribution and
Switch Link Port Label
LSR MAC address L abel MAC address Label
|abel label assignment
label manager LSP  label distribution  label assignment
LSR MAC address/Label LSP routing path
LSR MAC address/L abel
Label Label
LSP Fault Tolerance
Source MH Destination MH MAC address Label L abel

assignment and distribution

label label manager label manager label
generating function |abel

Label generating function seedx3ix2]

Label generating function  Input seed | | seed label manager
unique i LSP
LSP j LSP j

[ 3 i 2 ] seed | | label generating

function output label manager label Input seed 5

i 23] 0 label generating function label  5*32*20=45
Input Label generating lunction Outpu
seed , i, seed d 3k D [ahkel

Label Generating Function

seed i output
label manager seed label manager
label space label generating function |abel
seed i core LSP

LSP QoS
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C. AMPLS infrastructure Extended

Infrastructure

AMPLS infrastructure extension MN

1. Mobile IP MH Infrastructure AMPLS
handoff
2. MPLS label distribution and switching
Infrastructure router
Edge-LSR wireless  wireline domai n Edge-LSR
AMPLS MPLS label distribution and switching
Seed manager Seed

data packet AMPLS Label switching
forward data source node IP
LSP packet headers Label Label
switching data source node forward  destination node IP
header IP Label routing IP routing
Ad-hoc routing

Tier Manager TM ™
™
™ HA update

™ GPRS  HA update GPRS
MIP

D. Pre-constructed LSP  On-demand LSP

Label distribution and switching
Virtual Backbone LSP Pre-constructed LSP core
Backbone Ad-hoc core agent Access Network
Pre-constructed LSP Pre-constructed LSP MANET routing topol ogy
Pre-constructed LSP Pre-constructed
LSP Signal LSP Backbone Data LSP

Signal LSP core  agent core  core MH agent
On-demand (On-demand connection request) agent core
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Signal LSP core On-demand connection request core On-demand

connection request core core core Signal
LSP core On-demand data L SP
data forwarding Signal LSP agent connection request
LSP label switching On-demand LSP
MH On-demand data L SP
data packet IP address  prefix QoS Signal
LSP data packet  source core destination core
Backbone Data LSP core core
On-demand data LSP Backbone Data LSP data forwarding
Signal LSP  Backbone Data LSP QoS |abel
Signal LSP  Backbone Data L SP Backbone Data LSP
On-demand data LSP Backbone Data LSP Backbone Data LSP

On-demand data LSP

On-demand data L SP MH end-to-end LSP On-demand
dataLSP tunnel Pre-constructed Backbone DataLSP  ( ) On-demand
data LSP Pre-constructed Backbone Data L SP Pre-constructed Backbone
DataLSP On-demand data LSP

[ —— - Chy-dermand data LEP

Pre-conatructed backbone data LEF o~

MIN

Pre-constructed Backbone DataLSP  On-demand data LSP

E. QoS negotiation for Differentiated services through Pre-constructed L SPs
Pre-constructed LSP Ad-hoc Differentiated
Service(DiffServ) DiffServ QoS Pre-constructed LSP
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LSP tunnel  On-demand LSP QoS

core Pre-constructed LSP

Label LSP CoS end-to-end
QoS core CoS Pre-constructed LSP
Pre-constructed LSP Ad-hoc network topology routing path

Pre-constructed LSP LSP fault
tolerance QoS LSP

LSP Pre-constructed LSP
Pre-constructed LSP On-demand LSP QoS

Pre-constructed LSP
Pre-constructed LSP core Pre-constructed
LSP fault tolerance LSP

Pre-constructed LSP

F. AMPLS
Simulation AMPLS AMPLS
Backup Path Recovery Scheme Flooding
(Connection Blocking Ratio) signal signal packet
Host Flooding AMPLS signal

signal packet Host

AMPLS  Flooding

source  destination Source>D->E—>F-> Destination
Source>G>H->1->Destination Source>J2>K->L->M->Destination
Source>N->0->P->Q—->R->Destination
0.2 0.3 04 0.5
Connection Block Connection
Block
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AMPLS core Pre-constructed LSP
peer-to-peer  Signal LSP AMPLS Backup Path Recovery Scheme

Connection Block

signal control packet connection request
acknowledge flooding source  destination packet
D control packet connection destination success
acknowledge acknowledge signal AMPLS
peer-to-peer Signal LSP source destination
Flooding connection signal 2(
Source  Destination destination  source  acknowledge )
acknowledge signal 1
signa 3 connection request
signal( acknowledge) connection request  acknowledge
signal
connection flooding
AMPLS blocking prob. connection block
Avg.signal signal Avg.hop signal
packet  host AMPLS  Backup path 1
Source>G>H—>1->Destination 2 Source>G2>H-> 1>

destination Source>J2>K->L>M->Destination 3
Source>G—>H=>1->Destination  Source—~>J> K—->L->M->Destination Source>N->0->P~>
Q~>R->Destination

Flooding

Blocking prob. | Avg.Signal Avg.hop

1.1912% 6.6 26.03
AMPLS
Backup path Blocking prob. | Avg.Signad Avg.hop
1 5.9645% 4.0213 5.1023
2 2.3917% 4.1886 5.3172
3 1.1966% 4.2478 5.3999
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AMPLS Blocking Flooding
blocking Blocking AMPLS
Avg.Signal  Avg.hop Flooding AMPLS

Avg.Signal  Avg.hop
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