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CMOS Device and Technology
e Introduction
CMOS device physics

e DC characteristics

e Gate capacitance and transition frequency
o Gate resistance and gate leakage

e Small signal equivalent circuit

e Device scaling and figure of merits

Summary & exercise

BJT Device and Technology
e Diode Small Signal Model
¢ Diode Charge Storage
e Diode Circuits
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The BJT

The BJT Physics

The BJT Small Signal Model
Summary & exercise

HBT Device and Technology

Introduction

HBT device physics
Equivalent circuit
Figure of merits
CMOS vs HBT devices
Summary & exercise

Scattering Parameters

Introduction

Definition of power gains
Formulation of scattering parameters
Stability Analysis

Figure of merits ( ft and fmax)
Constant power gain circles
Impedance matching

Summary & exercise

LNA- Low noise amplifiers

Introduction

Noise in four pole device

Four noise parameters

Noise analysis in CMOS devices

Noise analysis in HBTs devices

Noise performance in CMOS and SiGe HBTs
Noise circles and series feedback
Cascode and gm-boost LNA topologies
CMOS and HBT low noise amplifiers
LNA design flow

Summary & exercise

RF OSCILATORS

34 1

Introduction

Phase noise and RMS jitter
Time domain representation
Feedback representation
Negative resistance representation
Oscillator topologies

LC collpitts oscillators

LC cross- coupled oscillators
Circuit

Design strategy of VCOs
Summary & exercise
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Active RF Mixers

Introduction

RF mixer operation

Performance parameters of RF mixers

Double balanced Gilbert Mixer based CMOS technology
Double balanced Gilbert Mixer based Bipolar technology
Noise in RF CMOS and BICMOS mixers

Even order distortion mechanisms

Mixer design flow

Summary & exercise

RF Power Amplifiers

e Introduction
e Important parameters
e Nonlinearity Effect
e Tradeoff between linearity and power efficiency
o Amplifier Classes : class A, B, AB,C, E, F
o Configuration of output stages
e Spectral domain analysis
e RF Power Amplifier — Matching Networks
e Load Pull Technigue
e bias techniques for power amplifiers
e Summary & exercise
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NN2AYN QX DX NIvnawn 91X 2w 7Tann 802.11ac |pPn win'w? 0151' aN7al QoS nn'wn NIDX
NP0 0N . TIVI NN N0 DMINK DML IRT'T NN ,07nwn 120 WiFi Direct miw ' paiman
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Introduction

Introduction to Wireless Technologies
e The Wireless media and its properties
¢ Propagation of wireless signals and coverage
e Bits and symbols over the air
¢ Modulation and coding technigues
e Throughput of wireless networks
e Quick overview of short wave wireless technologies

WiFi - 802.11 based Technology
Introduction to 802.11 x Technology

e The evolution of the IEEE 802.11 standard
e Uses of Wi-Fi technology

e Basic term and terminology

e System elements and their role

e Main network architectures

e Spectrum and channels used by Wi-Fi

Medium access control

e Protocol layering

e Management functions
o Beacons
o Scanning
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o Authentication
o Association
o Reassociation
o Disassociation
Distributed channel access
o Basic channel access timing
» SIFS, PIFS, DIFS
= Random backoff time
= Random backoff procedure
Data/ACK frame exchange
o Fragmentation
o Duplicate detection
o Data/ACK sequence overhead and fairness
Hidden node problem
o Network allocation vector
= RTS/CTS frame exchange
o EIFS
Enhanced Distributed Channel Access (EDCA)
o Transmit opportunity
o Channel access timing with EDCA
o EDCA access parameters
o EIFS revisited
o Collision detect
o QoS Data frame
Block acknowledgement
o Block data frame exchange
MAC frame formats
General frame format
Format of individual frame types
o Control frames
o Data frames
o Management frames

WiFi Direct

Main features and capabilities

The Physical Layer

PHY overview of: 802.11a, b, g, n

Modulation schemes used in WiFi

Access methods: DSSS, OFDM

Spectrum, interference and co- existence issues

Orthogonal frequency division multiplexing
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Wireless ma1un
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Comparison to single carrier modulation
Calculation of maximum throughput

WiFi Cellular Convergence

The concept

System elements and architecture
From UMA to 3GPP

ANDSF and its use

802.11n PHY Enhancements
802.11 Multiple Antenna Techniques

802.11n MAC throughput enhancements

O

o
O
o

Aggregation

Block acknowledgement
HT-immediate block ack
HT-delayed block ack

Advanced channel access techniques

O

o
o
o

Motivation and basics of PCF
PCF limitations

HCCA

PSMP

802.11n Interoperability and coexistence

O

o
o
o

Packet structure review

Mixed format high throughput packet structure
MHz and 20/40 MHz operation

Protection

802.11 / Wi-Fi WLAN Security

O

0 0O 0O 0O oo O o0 o o o o

The Importance of WLAN Security
General Wi-Fi Security Policy
Functional WiFi Security Policy
Legacy WLAN Security Mechanisms
Misconceptions about 802.11 / Wi-Fi security
Broadcasting vs Hiding the SSID
MAC address Filtering

The insecurities of WEP

Modern WLAN Security Mechanisms
Wi-Fi Protected Access (WPA)

WPA Personal

WPA Enterprise

WPA v1 vs WPA2

Wi-Fi Protected Setup (WPS)
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Implementing Enterprise Security
802.1x/EAP

Wireless Intrusion Protection Systems (WIPS)
Baseline Practices for Wireless Security

O O O O

e Introduction to 802.11 ac
o 802.11ac PHY service specification
o  Very High Throughput (VHT) PHY specification
o 802.11ac MAC description
VHT BSS operation

e WiFi Administration
o  The Stand-Alone Solution
Setting up Stand-Alone Access Point Hardware

o  Configuring a Stand-Alone Access Point
o Managing a Stand-Alone Access Point
o Configuring Stand-Alone Access Points for Security Implementing

Wireless Stand-Alone Bridges
Choosing Roles in Radio Network
Determining Bridge Path Information

e Tools for measuring Physical layers performance:
o Channel occupancy

o RSSI
o SINR
o  Throughput / Effective link speed
o Co-channel interference
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1) Introduction to LTE

= The evolution of the 3GPP cellular standards towards LTE

= LTE highlights and advantages over current technologies

= LTE Spectrum allocations world wide

= The status of LTE (trials, standardization, committed vendors and operators)

2) The overall Network Architecture (EPS)

= EPS overall architecture

= Core Nodes and functional allocation

= System Elements: MME, S-GW, P-GW, HSS, PCRF, eNB

= Main interfaces and their protocols (e.g. S1, S5/S8, S6, X2)

3) OFDMA and SC-FDMA in LTE

= Principles of OFDMA

= Slot structures and physical resources

= SC-OFDMA

= TD-LTE radio frame structure

= Transmission bandwidths and throughput
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4) Multi-antenna techniques specified for LTE
= Benefits of multi-antenna techniques
= Multi-antenna configurations

5) LTE channels
= E-UTRAN logical, transport and physical channel structure
= E-UTRAN main channels and their role

5) Attach and Detach Procedures
= Attach procedure

= Session setup procedures

= Detach procedure

6) Mobility management overview

= Mobility in IDLE mode

= Cell reselection principles

= Mobility in ACTIVE Mode

* Intra E-UTRAN mobility with X2 support

7) Overall QoS concept

= The EPS bearer

= Standardized QoS characteristics

= Bearer level QoS parameters

= Policy control requirements

= QoS control

= PCC Rule Authorization and QoS rule generation
= Application of PCC in the Evolved Packet System

8) Voice and SMS Service in LTE
= |MS Based Voice and SMS
= Voice alternatives: Call fallback, VoLTE

10) Highlights of LTE advanced
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1) Introduction to LTE
= The evolution of the 3GPP cellular standards towards LTE
= LTE highlights and advantages over current technologies
= LTE Spectrum allocations world wide
= The status of LTE (trials, standardization, committed vendors and operators)

2) The overall Network Architecture (EPS)
= EPS overall architecture
= Core Nodes and functional allocation
= System Elements: MME, S-GW, P-GW, HSS, PCRF, eNB
= Main interfaces and their protocols (e.g. S1, S5/S8, S6, X2)
= Therole of IMSinLTE
= Radio nodes and functional allocation

3) OFDMA and SC-FDMA in LTE
= Principles of OFDMA
= Slot structures and physical resources
= SC-OFDMA
= TD-LTE radio frame structure
= Transmission bandwidths and throughput
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4) Multi-antenna techniques ("MIMQO") specified for LTE
= Benefits of multi-antenna techniques
= Multi-antenna configurations

5) LTE channels
= E-UTRAN logical, transport and physical channel structure
= E-UTRAN main channels and their role

6) Attach and Detach Procedures
= Attach procedure
= Session setup procedures
= Detach procedure

7) Mobility management overview
= Mobility in IDLE mode
= Cell reselection principles
=  Mobility in ACTIVE Mode
* Intra E-UTRAN mobility with X2 support
= |ntra E-UTRAN mobility with S1 support
= Mobility with other non-3GPP access systems
= Inter (3GPP) system mobility
= |P Mobility in LTE

8) Overall QoS concept
= The EPS bearer
= Standardized QoS characteristics
= Bearer level QoS parameters
= Policy control requirements
= Allocation and Retention Priority characteristics
= PCC Rule Authorization and QoS rule generation
= Support for Application / Service Layer Rate Adaptation
= Application of PCC in the Evolved Packet System

9) Voice and SMS Service in LTE
= |MS Based Voice and SMS
= Voice alternatives: Call fallback, VoLTE

10) Highlights of LTE advanced
= Carrier Aggregation
= Advanced SON Features
=  Use of L2 Relays
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1) Introduction to LTE
» The evolution of the 3GPP cellular standards towards LTE
= LTE highlights and advantages over current technologies
= LTE Spectrum allocations world wide
= The status of LTE (trials, standardization, committed vendors and
operators)

2) Some principles of radio communications
» The radio channel characteristics
= Multipath, group delay, fading, inter-symbol interference

3) OFDMA and SC-FDMA in LTE
* Principles of OFDMA
= OFDMA radio frame structure in LTE
* Principles of SC-OFDMA
= SC-OFDMA radio frame structure in LTE
= Slot structures and physical resources
= Downlink and uplink physical resource handling
» Transmission bandwidths and throughput
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4) Multi-antenna techniques specified for LTE ("MIMO")

= Benefits of multi-antenna techniques

=  Multi-antenna configurations

= Multiple receive/transmit antennas

» Receive/transmit antenna diversity

= Transmitter-side beam-forming

= Spatial multiplexing

= Antenna configurations in LTE

5) The channel structure in E-UTRAN
= E-UTRAN logical channel structure
= E-UTRAN transport channel structure
= Physical layer channel structure
= The details of the E-UTRAN, Physical Layer

6) LTE-EPC Network Architecture
= System Elements: MME, S-GW, P-GW, HSS, PCRF, eNB
= Main interfaces and their protocols (e.g. S1, S5/S8, S6, X2)
= Key features and services
= Roaming and non-roaming architecture
= Distributed Core vs. Centralized Core
= A Core in abox/ asystem in a box

7) LTE-EPC Protocols
= Roles of EMM and ESM
= GTPv2-C and GTP-U
= Roles of SCTP and diameter

8) LTE-EPC Signaling Fundamentals
= Network and UE identities
= EPS and signaling bearers
= PDN connections and APNs

9) Network Access in LTE-EPC
= [nitial attach procedure, Random Access
= UE and eNB timing alignment
= RRC connection setup
=  MME, S-GW and P-GW selection
= Default EPS bearer setup
= |P address allocation

10) Session Establishment and PDN Connectivity
= Dedicated EPS bearer setup
= Multiple PDN connectivity
= EMM states
= Paging operation
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= Dedicated bearer deactivation
= Dedicated bearer modification

11) Mobility management overview
= Mobility in IDLE mode
= Cell reselection principles
=  Mobility in ACTIVE Mode
= Intra E-UTRAN mobility S1 and X2 based handover
= |P Mobility issues and flavors in LTE networks
= Mobility with other non-3GPP access systems
= Inter (3GPP) system mobility

12) Security in LTE-EPC
= Security architecture
= Authentication and Key Agreement (AKA)
= NAS and AS security
= Useof IPsecinLTE

13) QoS Framework in LTE-EPC
= PCC architecture
» AF, PCRF, PCEF, SPR
= QoS class identifiers
= Traffic flow templates
= Endto End QoS management

14) LTE Support of Voice
= Circuit-Switched Fallback (CSFB)
* VOLTE
= Voice Call Continuity (VCC)
= Single Radio Voice Call Continuity (SRVCC)

15) Deployment Considerations
= Evolving to EPC network
= Interworking with Release 8 and Pre-Release 8 3GPP networks
= Interworking with Non-3GPP networks

16) Highlights of LTE advanced
* Rel. 10-11 highlights
= Small cell and HetNet Technology
= SON for LTE
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