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Objectives

• Broadband wireless access networks

• Multichannel multipoint distribution service, 

MMDS

• Local multipoint distribution service, LMDS

• IEEE 802.16/WiMax networks

• Components of wireless access network

• Base station (BS)

• Subscriber station (SS)

• Wireless medium

• Wireless spectrum

• Basic principles of wireless communication

• Free space propagation

• Terrestrial propagation

• Cellular mobile environment

• Fading phenomena

• MMDS and LMDS

• Deployment in rural areas

• Line-of-sight (LOS) limitation

• Operational spectrum and modes

• Similarity with cable access network
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Objectives (cont.)

• IEEE 802.16/WiMax networks

• IEEE 802.16 spectrum 10 to 66 GHz

• WiMax spectrum windows in the 2 to 11 GHz

• WiMax mesh network eliminates LOS 

limitation

• Management of BS and SS

• Spectrum management

• Service flow management

• Management using wmanIfMib

• Mobile wireless network

• 2.5, 3, and 4G technologies

• TDM, TDMA, and CDMA protocol systems

• Management issues

• Use of mobile IP

• Mobility management

• Power and resource management

• QoS management

• Security management

• VSAT network and management
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Wired & Wireless

Broadband Networks

Notes

WAN
Access

Network

Customer

Premises

Network

Wired
IP

ATM

MPLS

Cable

DSL

Ethenet LAN

USB

Wireless
IP 3G

Wired Backbone

Fixed Wireless:

-LMDS

-MMDS

-Satellite

3G Mobile

Wireless LAN

-802.11B

-BlueTooth

-UWB

 Mobile PDA

Analogous Wired and Wireless Broadband Network Segments

• Wireless Mobile ATM (WmATM) is not shown in   Wireless WAN as it does not appear to 

be in the   current road map of technology.
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Wired/ Wireless technologies for  :

1. WAN

2. Access Network 

3. Customer premises network



Wireless Broadband Networks

Notes

MAN

GSM / GPRS

CDMA

WLAN

PAN

PAN PAN

PAN

WLAN

PAN PAN

PAN

WLAN

PAN PAN

PAN

PAN

PAN

Figure 14.1  Wireless Networks

• Access Networks

• MAN a.k.a. WiMax

• Wireless LAN (WLAN)

• Personal Area Network (PAN)

Chapter 14 Broadband Wireless Access Networks

Network Management: Principles and Practice

©  Mani Subramanian 2010

5



Basic Principles in wireless 

communication 
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Outdoor Propagation

Notes

Figure 14.2  Wireless Outdoor Propagation

Radio Tower

Mobile Unit

DIRECT

REFLECTED

SCATTERED

DIFFRACTED

• Adverse Characteristics:

• Attenuation

• Dispersion: Frequency and Phase 

(independent of refractive index)

• Dispersion due to refractive index

• Decreasing signal strength due to beam 

pattern

• Water absorption

• Fading: short and long

• Doppler effect

Chapter 14 Broadband Wireless Access Networks

Network Management: Principles and Practice

©  Mani Subramanian 2010

7

http://missionscience.nasa.gov/ems/03_behaviors.html http://www.dictionaryofengineering.com/

http://missionscience.nasa.gov/ems/03_behaviors.html




 Doppler effect: A change in the observed frequency of a wave, as of sound or 

light, occurring when the source and observer are in motion relative to each 

other, with the frequency increasing when the source and observer approach 

each other and decreasing when they move apart. 



Isotropic Propagation

Notes

Figure 14.3  Isotropic Antenna Propagation

Receiver

Transmitter

d

Pr = (PT / 4πd2) watts /m2 (14-1)

Pr = Received power per unit area and 

PT = Total transmitted power.
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isotropic : (of an object or substance) 

having a physical property that has the 

same value when measured in different 

directions



Non-Isotropic Propagation

Notes

Figure 14.4  Non-Isotropic Propagation

Transmitter Receiver

PR = PTGTGR (λ / 4d)2 (14-5)

PR = Received power

PT = Transmitted power

GT = Transmitter antenna gain

GR = Receiver antenna gain

λ =  Wavelength

λ
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isotropic : (of an object or substance) 

having a physical property that has 

the same value when measured in 

different directions



Satellite Free Space Propagation

Notes

Figure 14.5 Satellite Transmission

Satellite
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Terrestrial Propagation

Reflected

Path

Figure 14.6  Terrestrial Two-Ray Propagation Model

Direct Path
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Notes



Path Loss Dependency

Figure 14.7  Path Loss Depending on Distance
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Path loss (or path attenuation) is the reduction in power 

density (attenuation) of an electromagnetic wave as it 

propagates through space. Path loss is a major component 

in the analysis and design of the link budget of a 

telecommunication system.

https://en.wikipedia.org/wiki/Path_loss

https://en.wikipedia.org/wiki/Attenuation_(electromagnetic_radiation)
https://en.wikipedia.org/wiki/Electromagnetic_wave
https://en.wikipedia.org/wiki/Link_budget
https://en.wikipedia.org/wiki/Path_loss


Shadow Fading

Notes

• Large-scale fading or Shadow fading

• Slow spatial rate compared to wavelength

• Slow rate of change

• Small-scale fading

• Spatial dimension comparable to wavelength

• Rapid rate of change
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Figure 14.8  Shadow Fading over Average Path Loss
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Fixed Wireless Networks
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Fixed Wireless Network

Notes

WAN

Public Telephone

TV/Video

BWA Service

Provider

SONET BS

BS

BS

TS

NIU

TV PC TEL

Multiplexer

CM/SS

Home

Enterprise

NIU

TS

CM/SS
LAN

TEL
VoIP

• Fixed wireless access

• a.k.a wireless local loop 

• Point-to-multipoint network architecture 

• Benefits:

• Less capital investment

• Quick and cheap to install and operate
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Figure 14.9  Fixed Wireless Access Network
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MMDS Network

Notes

BS BS

WAN/

MAN

Figure 14.10  Multichannel Multipoint Distribution Service

50 Km

2.5 to 2.686 GHz 2.5 to 2.686 GHz
• Point-to-multipoint architecture

• Range between BSs is 50 km

• Operates over 2.5 to 2.686 GHz band

• Could operate on multichannels and 

hence capable   of providing 2-way high-

speed communication

• An implementation using cable modem 

equipment   at both ends 
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Multichannel Multipoint Distribution Service



LMDS

Notes

BSU BSU

WAN/

MAN

Figure 14.11  Local Multipoint Distribution Service

10 Km

27.5 to 28.35 GHz

31 to 31.3 GHz

27.5 to 28.35 GHz

31 to 31.3 GHz

• Point-to-multipoint architecture

• Covers 5 km radius; BSUs spaced 10 km apart

• Operates over 27-28.35 and 31-31.3 GHz 

bands

• Sensitive to rain attenuation

• Deploys cable modem equipment at both ends
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Local Multipoint distribution service



Notes
•Head end:

• Signals from multiple sources multiplexed

• Frequency conversion for local signal 

• NIU demarcation point between customer and

service provider networks

• Cable modem: RF-to-Ethernet conversion
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Head

End

Fiber
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Cable

Modem

2-WAY

COAX

NIU    Network Interface Unit

(a) HFC Network

Figure 14.12  LMDS/MMDS Network Management

FiberWAN

ISP

Satellite

NIU

Fiber

Node

Workstation

 TV Monitor
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HFC Plant

MMDS / LMDS Network Management

Cable Modem Termination System 

Wireless Modem Termination System



MMDS / LMDS Network 

Management

Notes

• Head end is replaced by base 

station

• Cable modem replaced by 

transceiver and   subscriber station

• HFC plant replaced by wireless 
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(b) LMDS/MMDS Network

Figure 14.12  LMDS/MMDS Network Management



802.16 Fixed Wireless System (WiMax)
Notes

• IEEE 802.16.1 specifications for 11 GHz to 66 GHz

•Encompasses multiple end configurations and 

transmission   modes

• Point-to-multipoint architecture

• Early implementation based on cable network 

• HFC medium replaced with wireless carrier

• Transceivers perform up-conversion and down-

conversion

• Subscriber station a more complex modem than CM

• Base station functions as enhanced CMTS

• TDMA (Time Division Multiple Access) downstream

transmission

• DAMA (Demand Assigned Multiple Access) – TDMA 

upstream   transmission

Chapter 14 Broadband Wireless Access Networks
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- A cable modem termination system or CMTS is a piece of equipment, typically 

located in a cable company's headend or hubsite, which is used to provide high 

speed data services, such as cable Internet or Voice over Internet Protocol, to cable 

subscribers.

- OFDM: OFDM (Orthogonal frequency-division multiplexing)is a frequency-division 

multiplexing (FDM) scheme used as a digital multi-carrier modulation method.

- Orthogonal Frequency-Division Multiple Access (OFDMA) is a multi-user version of 

the popular orthogonal frequency-division multiplexing (OFDM) digital modulation 

scheme. Multiple access is achieved in OFDMA by assigning subsets of subcarriers 

to individual users as shown in the illustration below.

- DAMA: Demand Assigned Multiple Access (DAMA) is a technology used to assign 

a channel to clients that don't need to use it constantly. DAMA systems assign 

communication channels based on requests issued from user terminals to a network 

control system. When the circuit is no longer in use, the channels are then returned 

to the central pool for reassignment to other users.



802.16 Base Station

Notes

• 802.16 uses sector technology for base station   antenna (HFC uses tree topology)

• Point-to-multipoint transmission

• All SSs in a cell terminated at the head end

• Downstream in broadcast mode

• Upstream transmission by DAMA-TDMA

• Allocates bandwidth requested by SS to meet   QoS

• Gateway to the external (core) network

• Multiplexes and demultiplexes signals

• Frequency converts upstream to downstream   signals in FDD (Frequency Division 

Duplex)

• Can be designed either as a bridge or router
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802.16 Subscriber Station

Notes

• Highly directional antenna

•Downstream in broadcast mode

• Upstream transmission by CM/SS coordinated by   head end
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IEEE 802.16 Extensions

Notes

• IEEE 802.16a

• 2 to 11 GHz; Supports mesh deployment

• IEEE 802.16b

• 5 TO 6 GHz; Real-time DiffServ service

• IEEE 802.16c

• 10 to 66 GHz

• IEEE 802.16d

• Improvement over 802.16a

• IEEE 802.16e (future)

• Standard networking between carrier base stations

• High-speed handoff with moving vehicles
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Differentiated services or DiffServ is a computer networking architecture that specifies a simple, 

scalable and coarse-grained mechanism for classifying and managing network traffic and providing 

Quality of Service (QoS) on modern IP networks. 



handoff

29

When a mobile user travels from one area of coverage or cell to another cell within a 

call’s duration the call should be transferred to the new cell’s base station. Otherwise, 

the call will be dropped because the link with the current base station becomes too 

weak as the mobile recedes. Indeed, this ability for transference is a design 

matter in mobile cellular system design and is called handoff.



802.16d WiMax- Worldwide Interoperability for Microwave Access

Notes

• WMAN … Wireless Metropolitan Network

• 802.16a can support no-line-of-sight access         (unlike 802.16)

• 802.16a operated in the frequency range of 2–11 GHz and thus supports both 

licensed   and unlicensed spectrum

• Modulation scheme is OFDM as in 802.11a   and 802.11g

• Support for mesh architecture.
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Figure 14.14  WiMax Mesh Network
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802.16d: MAC Layer

•32

Notes

• Supports mesh network 

• Two sublayers

• Convergence-specific: transport-specific

• Common: independent of transport mechanism 
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Fixed BWA (Broadband Wireless Access) Management

Notes

• Components to be managed: 

• CM/SS management

• BS management

• Wireless link management

• RF spectrum management

• 802.16 Recommendation OSI standards

• FCAPS functions managed 
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BWA NM Reference Model

Notes

• Reference:

“MAC and PHY MIB for WirelessMAN and   

WirelessHUMAN BS and SS,”

IEEE C802.16mgt-04/04r1, 

http://ieee802.org/16
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Figure 14.15  BWA Network Management Reference Model



Class of Service and QoS
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• 802.16 supports classes of service with various   QoS for bearer services

• Bandwidth negotiation for connectionless service

• State information maintainable for connection- oriented service

• classes of services:
–in IEEE802.16d (UGS, rtPS, nrtPS, and BE) 

–in IEEE802.16e (ertPS)

• IETF Traffic categories: (Integrated services  RFC   1633 and differentiated 

services RFC 2475) 

• Elastic: 

• Interactive bursts (Telnet)

• Interactive bulk (FTP)

• Asynchronous bulk (email)

• Real-time

• Guaranteed service (audio and video conferencing)

• Predictive service (video playback)



WMAN IF MIB

Notes

wmanIfBsObjects

(1)

wmanIfMibObjects

(1)

wmanIfMib

(184)

wmanIfSsObjects

(2)

transmission

(mib-2 10)

wmanIfCommonObjects

(3)
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Figure 14.16  WMAN IF MIB



Usage of ifTable Objects for 

Base Station

Notes

• SNMP agent in a common base station controller:

Each BS sector will have an entry in the ifTable

• SNMP agent in the sector controller: 

One entry for the BS sector in the ifTable
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Table 14.1  Usage of ifTable Objects for the Base Station



Usage of ifTable Objects for 

Subscriber Station

Notes
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Table 14.2  Usage of ifTable Objects for the Subscriber Station



Mobile Wireless Networks
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Mobile and Wireless

• Mobile Network

• A network with ability to perform computing   anytime/anywhere

• May or may not use wireless transmission   medium

• Types of mobility 

• Cellular: Always-on

• Nomadic: Session not active while in motion

• Wireless Network

• A network with wireless interface to computing   devices and/or wired 

network

• Deployed for networking both fixed and mobile   users

• Mobile and Wireless Broadband Network Management

• Management of integrated wired/wireless and    fixed/mobile broadband –

voice, video, and    data networks
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Notes

Mobile Wireless Evolution

AMPS

US: 824-849 MHz

DS: 869-894 MHz

1G

Analog

IS-136 / DAMPS

US: 824-849 MHz

DS: 869-894 MHz

2G

Digital Ckt

Switched

GSM-2G

US: 890-915 MHz

DS: 935-960 MHz

IS-95

800-900 MHz

Duplex

CDMA

W-CDMA

UMTS/IMT-2000
cdma20003G/2.5G

Packet access

Ckt switched

core

GPRS

US: 890-915 MHz

DS: 935-960 MHz

IS-136 / DAMPS

US: 824-849 MHz

DS: 869-894 MHz

EDGEEDGE

4G

Packet

Xmission

802.11

Wireless

LAN

• IS-136/DAMPS TDMA-based

• GSM TDMA-based

• IS-95 CDMA based

• FDD (Frequency Division Duplex)

• IS-136, GSM/GPRS, and IS-95
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Notes

Cellular Network

Internet

Home

Agent

Home

Network

Foreign

Agent

MN/

MA

Foreign

Agent

Foreign

Agent

MN... Mobile Node

MA... Mobile Agent

Chapter 14 Broadband Wireless Access Networks

Network Management: Principles and Practice

©  Mani Subramanian 2010

42

Table 14.17  Cellular Network



3G Management Issues
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• Hierarchical LAN

• Joint management with wired network

• Mobile computing unit

• Hardware limitations

• Software limitations  

• Mobility management

• Location tracking

• Resource management 

• Wireless QoS management

• Power management

• Security management



Mobility Management

• Mobile IP

• Location tracking

• Discovery of Foreign Agents by Mobile Units

• Broadcasting/advertising to locate an MU

• Solicitation by MU 

• Handoff management

• Packet control function (PCF) / Radio Network

• Handoff of PCF to PCF within PDSN

• Handoff of PCF between PDSNs
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The Packet Data Serving Node, or PDSN, is a 

component of a CDMA2000 mobile network.[1] It 

acts as the connection point between the radio 

access and IP networks.

Packet Control Function

This is an entity in a radio access network that controls 

the transmission of packets between the BS (Base 

Station) and the PDSN (Packet Data Serving Node).

https://en.wikipedia.org/wiki/CDMA2000
https://en.wikipedia.org/wiki/Packet_data_serving_node#cite_note-1
https://en.wikipedia.org/wiki/Radio
https://en.wikipedia.org/wiki/Internet_Protocol


Mobile IP

• Mobile vs. nomadic

• Mobile: activities not disrupted when point   of attachment is changed

• Nomadic: not active in motion; a.k.a.  Portable  computing

• Analogy with telephone: Subscriber assigned  an ID in both – phone number vs. IP 

address

• Mobile IP is analogous to call forwarding, except   the forwarding 

address is mobile 
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Notes

Mobile IP Functions - Roaming

• Mobile IP uses two addresses: a fixed home  address and a care-of-address that 

changes the   point of attachment

• Mobile IP functions:

• Discovery of    foreign agent (FA) and care-of-address

• Registration of current location with FA and   home agent (HA)

• Tunneling of packets to and from the HA to  FA care-of-address as mobile node

roams
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Notes

Discovery and Registration

FA

MN

FA

HA

FA

MN requests

service
FA relays status to

MN

FA relays request to

HA
HA accepts or

denies

F
A

 a
dv

er
tis

es

se
rv

ic
e

H
A a

dv
er

tis
es

se
rv

ic
e

F
A

 a
d
ve

rt
is

es
se

rv
ic

e

• Mobile node discovers foreign agent (FA) and

its care-of-address by advertisements of FA

• Mobile node can also discover by its solicitation

• Mobile node registers FA with HA
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Table 14.18  Discovery and Registration in a Mobile System



Notes

Tunneling

Source

Address

MN

Address

Pay-

load

External

Source

Home

Agent

Foreign

Agent

Source

Address

MN

Address

Pay-

load

Foreign

Address

Home

Address
4/55

Mobile

Node

Source

Address

MN

Address
Pay-

load

• Protocol number in the header:

• 4 indicates to higher level that the next header 

is an IP header with full encapsulation

• 55 indicates minimal encapsulation
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Table 14.19  Tunneling in a Mobile System



Notes

SNMP Management of Mobile IP

• IETF Specifications using SMIv2 (RFC 1902)   and MIB-II (RFC 1213)

• Functional entities in SNMP Management of Mobile IP:

• Mobile Node:  A host or router that changes   point of attachment from one 

network or subnet    to another

• Home Agent:  A router on a mobile node’s   home network, which tunnels 

packets to and   from the mobile node via foreign agent

• Foreign Agent:  A router on a mobile node’s   visited network, which provides 

services to the   mobile node
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Mobile IP MIB Groups
Groups Mobile

Node

Foreign

Agent

Home

Agent

mipSystemGroup X X X

mipSecAssociationGroup X X X

mipSecViolationGroup X X X

mnSystemGroup X

mnDiscoveryGroup X

mnRegistrationGroup X

maAdvertisementGroup X X

faSystemGroup X

faAdvertisementGroup X

faRegistrationGroup X

haRegistrationGroup X

haRegNodeCountersGro

up

x
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Notes

Mobile IP MIB

mipSecurity

(2)
mipSystem

(1)

mipMN

(3)
mipMA

(4)

mipMIBObjects

(1)

mipFA

(5)

mipHA

(6)

faSystem (1) faRegistration (3)

maAdvertisement

(1)

mipMIB

(44)

mib-2

(1.3.6.2.1)

faAdvertisment (2)

mnSystem (1) mnRegistration (3)

mnDiscovery (2)

mipSecAssociation

Table (1)

mipSecViolation

Table (3)mipSecTotal

Violations (2)
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Figure 14.20  Mobile IP MIB



Notes

mipMIBObjects

Entity OID Description

mipMIBObjects mipMIB 1 Objects under mipMIB

mipSystem mipMIBObjects 1 Mobile IP system related 

parameters

mipSecurity mipMIBObjects 2 Mobile IP security 

parameters

mipSecurity

AssociationTable

mipSecurity 1 Security associations table

mipSecTotal

Violations

mipSecurity 2 Total number of security 

violations in the entity

mipSecViolation

Table

mipSecurity 3 Security violation 

information

mipMN mipMIBObjects 3 Mobile node group

mnSystem mipMN 1 Mobile node system   

information
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Table 14.4  mipMIBObjects



mipMIBObjects

Entity OID Description

mnDiscovery mipMN 2 Mobile node discovery counter 

on solicitations, 

advertisements, and moves

mnRegistration mipMN 3 Mobile node registration table  

mipMA mipMIBObjects 4 Mobile agent group 

maAdvertisement mipMA 1 Mobility agent advertisement 

configuration table present in 

both MN and FA

mipFA mipMIBObjects 5 Foreign agent group

faSystem mipFA 1 Foreign agent system 

information 

faAdvertisement mipFA 2 Foreign agent advertisement 

information plus MA 

advertisement group

faRegistration mipFA 3 Foreign agent visitors list

mipHA mipMIBObjects 6 Home agent registration group 

and mobility binding list
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Table 14.4  mipMIBObjects (cont.)



Resource Management

• Scheduling and call admission control

• Reservation of guard channels for handoff - static

• Dynamic control of call admission – complex to   control multimedia service

• Proposals for QoS-based handoffs

• Load balancing between access networks

• Power management
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Notes

Security Management

• WAP (Wireless Application Protocol) Security

• WAP Wireless transport layer security (WTLS)

• Based on transport layer security (TLS) 

or secured sockets shell (SSL)

• “Walled garden” “vertical” integrated 

approach

• 3G network security

• 3GPP (Third Generation Partnership Project) 

and 3GPP2 plan for IP to wireless device

• Open standard SNMP based
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QoS Management

• QoS support for last leg between access point and

mobile node

• Depends on mobility and resource management

• 3GPP/3GPP2 (3G Partnership Project) standards

ensure interoperability 

• 3GPP has defined four QoS classes (TS 23.107) shown

above

• Telephony handled using SIP (session initiation protocol)

• Backbone based on DiffServ

QoS

Class

Transfer

Delay

Transfer

Delay

Variation

Low

BER

Guaran-

teed Bit 

Rate

Example

Conver-

sation

Strin-

gent

Strin-

gent

No Yes VoIP, Video-

and Audio-

conferencing

Stream-

ing

Con-

strained

Con-

strained

No Yes Broadcast 

service, news, 

sport

Inter-

active

Looser No Yes No Web browsing, 

interactive chat, 

games

Back-

ground

No No Yes No email, SMS, 

TFP 

transactions
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Table 14.5  UMTS QoS Specifications

Notes



Notes

VSAT Hub

VSAT Node

ODU

IDU
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llit

e lin
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ODU

IDU

Satellite dish

Satellite dish

Satellite

S
a
te

lli
te

 l
in

k

VSAT Node

ODU

IDU

Satellite link

Satellite dish

Figure 14.22  VSAT Broadband Links

• KU Band and KA band

• 40 – 60 kbps uplink  and 500 kbps downlink
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http://searchmobilecomputing.techtarget.com/definition/VSAT

VSAT
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Notes

VSAT Components

• ODU Outdoor unit

• Power amplifier

• Up-converter

• Down-converter

• IDU Indoor unit

• Modems

• Frequency synthesizer

• Encoder / decoder

• Proxy agent for management; Later models 

with SNMP agent
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