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Radio Principles and Planning

Radio Principles RP2601 2 4 days 16

Principles of Radio Site Engineering RP2100 2 2 days 16

Digital Radio and Microwave Link Planning RP2600 3 2 days 16

Cell Planning for GSM Networks RP2602 3 4 days 16

2G/3G Indoor Coverage Planning MB2702 3 2 days 17

3G Indoor Coverage Planning MB2701 3 1 day 17

Introduction to GSM Optimization MB80 3 3 days 17

Drive-Test Data Capture and Analysis MB2519 3 3 days 17

Cell Planning for UMTS Networks MB2005 3 2 days 18

Introduction to UMTS Optimization RP2400 3 3 days 18

TETRA

TETRA System Overview MB200 2 2 days 19

TETRA Air Interface MB2601 3 2 days 19

CDMA

cdmaOne™ Radio Access MB2102 3 2 days 19

CDMA2000™ Radio Access MB2103 3 2 days 19

Transport and Signalling

Next Generation Transmission TY2702 3 3 days 20

Broadband Access Technologies TY2701 2 1 day 20

SS7 Engineering QS2500 3 3 days 20

More Wray Castle Courses

Introduction to Telecoms TY2600 2 3 days 21

Mobile Intelligent Networks (CAMEL) MB90 3 2 days 21

Telecoms Today and Tomorrow – Technology Workshop WR2901 1 1 day 21

Telecoms Today and Tomorrow – Strategy Workshop WR2902 1 1 day 21

Category/Course                                 Course   Technical    Course        Page 
Code Level       Duration    Number
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the essential guide to telecoms training

What’s New?

Wray Castle’s portfolio continues to

expand, with eight new courses

added this season. Many more

courses have been updated. 

Wray Castle’s LTE courses are

proving to be very popular, especially

the LTE/SAE Engineering Overview,

LTE Air Interface and LTE Evolved

Packet Core Network courses. 

Our Hands-on IP Networking

workshop is the most successful new

course launch for many years.  

The two versions of Telecoms –

Today and Tomorrow provide a

useful way of updating technical and

commercial staff with all that’s new in

telecoms and how it can impact your

company. 

In addition to new courses, Wray

Castle is offering more course delivery

methods. While instructor-led training

continues to be the preferred option,

others are becoming more popular as

training timescales become more

critical. Wray Castle offers e-Learning

options, online Virtual Classroom

sessions, podcasts and more.

There’s more!

The courses in this brochure are only a sample of what we offer. We have expertise in a vast range of related

interests including: IPv6; IP QoS; IPTV over Fixed and Mobile Networks; Web 2.0; ATM; SDH; Wireless LANs;

Technology for Sales Staff training and much more. Contact us today to discuss your particular needs.

European Office

Wray Castle Limited

Bridge Mills

Stramongate

Kendal

LA9 4UB

UK

Tel: +44 (0) 1539 742 742

E-mail: training@wraycastle.com

North American Office

Wray Castle USA, Inc.

2875 Northwind Drive

Suite 103

East Lansing

MI 48823

USA

Tel: +1 800 594 5102

E-mail: training@wraycastleusa.com
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2 days                 Technical Level 

Who would benefit
This course provides experienced cell planners with

an introduction to the differences required in

technique, skill set and tools for planning Frequency

Division Duplex (FDD) UMTS networks.

Prerequisites
Experience of UMTS network operation, as well as

basic radio awareness, or previous attendance on

the Cell Planning for GSM Networks course

(RP2602) and the UMTS Air Interface (MB2002).

See pages 14 and 12.

Topic areas include
n The UMTS planning philosophy

n Review of UMTS structure and the UMTS air

interface

n CDMA considerations

n UMTS radio transmission and reception parameters

n Traffic analysis and coverage predictions

n Link budgets 

n Cell breathing effects

n Handover considerations

n Handover to other radio access technologies

n Operation of power control

n Packet data and mixed mode traffic 

n Co-siting GSM/UMTS equipment

Cell Planning for UMTS
Networks 

3 days                 Technical Level

Who would benefit
Those who require an introduction to the principles

and techniques that relate to optimizing the UMTS

FDD mode radio access network.

Prerequisites 
An understanding of UMTS air interface operation

and an appreciation or experience of UMTS cell

planning, or previous attendance on the UMTS Air

Interface course (MB2002) and the Cell Planning for

UMTS Networks course (MB2005). See page 12

and this page.

Topic areas include
n The optimization process 

n Identification of optimization opportunities

n The coverage–capacity–quality relationship 

n Optimization software tools 

n Drive test tools, performance data and statistics

management

n Link budgets

n Coverage and capacity optimization issues and

solutions

n RAN configurations and dimensioning 

n Idle mode and system access

n Connected mode and radio link control 

n UMTS features – SSDT, MUD, HSDPA

Optimization exercises

Introduction to UMTS
Optimization 

Radio Principles and Planning
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What our customers say

Need more?Delivered on your site or as a regularly scheduled public courses, Wray Castle offers the

follow-on comprehensive training:

n LTE Engineering Overview 

n LTE Air Interface Please call us today or access our website for full course details and public course discounts

European Office:
Telephone +44 (0) 1539 742 742

E-mail training@wraycastle.com

North American Office: Telephone +1 800 594 5102

E-mail training@wraycastleusa.com

Are there other HSPA+ Performance Enhancements?

Another important change to the way HSPA+ works is the inclusion of CELL_FACH state operation. One of the drawbacks

with HSDPA in its current form is that, although it is based on a common channel enhancement, it does still require the

establishment and maintenance of a dedicated physical channel for every UE that is engaged in HSDPA data transfer.

Inevitably, this limits the number of UEs that can be active and ready for HSDPA data transfer on a cell at any given time. 

For HSPA+, once a connection is established the dedicated physical channel can be dropped and signalling as well as traffic

can be carried in HSDPA resources. This means that a much larger population of UEs can be maintained in a ready state

and, for each user, power efficiency is much improved. However, this feature is limited only to the downlink since HSUPA is

in any case an enhancement of a dedicated channel. Thus when uplink communication is required, whether for traffic or for

signalling, a dedicated resource must be allocated; although it may be only briefly. 

What does all this mean for an operator?

Circuit-switched voice has been the mainstay of both fixed and mobile telecommunications for many years. Although data

capability has existed there has been little use of it historically in the mobile context. However, in just the last two to three

years a number of factors have combined to shift this status quo. Massive expansion in Internet service scope coupled with

user demand and greatly increased capability in fixed networks mean that operators must consider how they will provide for

data in the very near future. LTE is one option open to operators, but it will require significant capital outlay in a very short

time frame. Crucially, HSPA+ raises the capability potential of many operators’ existing UMTS assets to something

approaching that of LTE. Thus it extends the lifetime of existing assets, enabling a more staged capital expenditure as UMTS

networks evolve toward a 4G-like architecture and the eventual full adoption of LTE-based radio access.
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What Capabilities does HSPA+ Bring?
There are three broad areas of capability enhancement for

HSPA+. Firstly, in terms of raw throughput capability an

increase to 40+ Mbit/s in the downlink is possible with the

uplink capability rising to 11+ Mbit/s. This arises chiefly from

the inclusion of options for 64QAM, MIMO and dual cell

operation. 

Secondly, the original best-effort-only concept for HSDPA has

been dropped and provision is now made for QoS

management allowing HSPA to be considered a viable

transport mechanism for real-time services. And thirdly,

although not strictly part of HSPA+ itself, is an accompanying

move towards an all-IP based radio access network

architecture with distributed functionality that is aligned with

LTE and SAE. 
What are the benefits of 64QAM and MIMO?

The fast adaptive nature of the HSPA air interface means that high level modulation schemes can be used in a radio

environment for which they would not normally be considered suitable. The net rate of one HSDPA code channel using

standard QPSK is 480 kbit/s; this rises to 960 kbit/s for 16QAM. The inclusion of an option for 64QAM further increases this

rate to 1.44 Mbit/s. Therefore, for devices that can receive all 15 code channels, the maximum theoretical downlink physical

layer rate with 64QAM is 21.6 Mbit/s.MIMO (Multiple Input Multiple Output) is a system that utilises diversity created with multiple antennas to increase channel

throughput. For HSPA+ a 2x2 MIMO antenna arrangement is specified that has the potential to double channel capacity. Thus

when used with 16QAM the maximum theoretical downlink physical layer rate is 28.8 Mbit/s and if combined with 64QAM

it rises to 43.2 Mbit/s.

What does Dual Cell Operation Mean?
Dual cell operation literally means that a UE can be equipped to receive HSDPA data from two different cells at the same

time. The user’s data stream is split between the two cells; the net result is a doubling of channel throughput. At Release 8

of the standards dual cell operation can be combined with 64QAM and thus a maximum combined rate of 43.2 Mbit/s is

possible. It should be noted that a potential configuration for future standards releases could combine 64QAM, MIMO and

dual cell operation for a possible rate of 86.4 Mbit/s in 10 MHz of radio bandwidth (two radio carriers).
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Mind the Gap

It seems no time at all since UMTS became a

commercial reality yet already LTE looms large on the

horizon. The arrival of LTE heralds a step change in

network architecture and in network capability so

where does that leave the investment already made in

UMTS infrastructure? The answer is, in a very good

position, because the series of enhancements

collectively known as HSPA+ provide the possibility

to realign UMTS with the fast-changing expectations

for broadband radio access technologies.

UMTS was conceived as a technical response to the need for a 3G technology and as such has capabilities and network

architecture in keeping with this goal. LTE, on the other hand, has been conceived with a clear view of capabilities

approaching 4G. This means much higher access rates and very different network architecture. A significant gap therefore

exists between UMTS and LTE. It is in this space that HSPA+ fits. It enables UMTS operators to continue the evolution of

their existing networks in a way that is entirely compatible with the introduction of all-IP architectures and LTE access

capabilities.

What is HSPA+?

HSPA+, also known as Enhanced HSPA, is a collective term for the features that extend HSPA capabilities and are defined

in Releases 7 and 8 of the 3GPP standards. The impact is predominantly on the features of HSDPA, but also makes some

improvements to the operation of the E-DCH channel, or HSUPA. These improvements are summarised here.

These improvements are provisioned through the introduction of six new HSDPA device categories up to release 7 and a

further six new categories up to Release 8. For E-DCH/HSUPA operation there is just one new device category but the

capability improvement is potentially doubled. 

HSPA+ – Bridging The Gap

HSPA+

(3G capability and architecture)
(Near 4G capability

UMTS
LTE

(Near-4G capability 
and all-IP architecture)

HSPA+ 
(also called HSPA Evolution)

Rel-7/8 for HSDPA Rel-7/8 for E-DCH (HSUPA)

Introduction of 64QAM Introduction of 16QAM

Introduction of 2x2 MIMO Introduction of VoIP over E-DCH

Introduction of CELL_FACH state operation Enhanced always-on experience

Introduction of dual cell operation (multicarrier)

Introduction of CS over HSDPA

Introduction of VoIP over HSDPA

Enhanced always-on experience

Download the latest Technical Briefings

Current Technical Briefings include:

n TETRA 2 – Extending Capability

n To MIMO or not to MIMO?

n LTE – Where’s the Spectrum?

n Femtocell Concepts

n Which WiMAX is Which?

n The Truth about WiMAX

n EDGE Evolution – Sweating the Assets

n HSPA+ – Bridging the Gap

n Mobile Advertising – A Developing Ecosystem

Download your free Technical Briefings from

www.wraycastle.com

Stay updated

Keep up to date with all the latest major technology

developments. Wray Castle’s Research and

Development Team is continually monitoring global

developments in telecoms technologies, tracking

standards bodies, vendor solutions and operator

implementations.

M
B

2
0

0
5

R
P

2
4

0
0

3 3 Government Bodies

“one of the best courses

I've ever taken”

J.D. (US Government Organization)  

“the best trainer I have

come across ... keep up the

good work”

D.G. (UK Government Organization)

“instructor was outstanding

and his knowledge was

impressive”

J.D. (US Government Organization) 
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2 days                 Technical Level

Who would benefit
Those working or involved in PMR or PAMR who

need to understand TETRA technology, specification

and capabilities

Prerequisites
Familiarity with the architecture and general

operation of typical VHF or UHF mobile networks 

is advantageous, and some understanding of radio

techniques is useful

Topic areas include 
n An overview of the TETRA standard

n Trunked radio principles and traffic principles

n TETRA services

n Cellular principles

n Digital communications

n TETRA frequency allocation

n TETRA channels

n Network architecture

n TETRA user terminals

n The TETRA radio interface

n TETRA mobility management

n Direct Mode Operation (DMO)

TETRA System Overview

2 days                 Technical Level

Who would benefit
Those working or involved in PMR or PAMR

requiring a detailed understanding of the TETRA 

air interface.

Prerequisites 
Familiarity with the architecture and general

operation of a TETRA network, or previous

attendance on the TETRA System Overview course

(MB200). See this page.

Topic areas include
n TETRA identities

n TETRA bearer services, teleservices and

supplementary services

n TETRA air interface protocol stack

n TETRA frequency allocation 

n TETRA channels

n π/4DQPSK modulation

n Medium Access Control (MAC) layer

n Logical Link Control (LLC) layer

n Supplementary Service (SS) and Short Data

Service (SDS) protocols

n TETRA Mobility Management (MM) protocol

n Authentication and ciphering

n TETRA Direct Mode Operation (DMO)

TETRA Air Interface 

2 days                 Technical Level

Who would benefit
Those requiring an introduction to the application of

CDMA through the IS-95-B standard for radio

access in 2G cellular systems.

Prerequisites
Some knowledge of cellular system architecture and

operation, along with an understanding of general

telecommunications theory.

Topic areas include 
n Evolution to cdmaOne

n The IS-95-B standard

n cdmaOne services

n cdmaOne system architecture

n Principles of CDMA

n Forward channel structure

n Reverse channel structure

n IS-95-B radio interface operation

n Messages and call sequences

n Access network operation and protocols

n Core network operation and protocols

cdmaOne™ Radio Access

2 days                 Technical Level

Who would benefit
Engineering staff working on CDMA access

networks requiring an understanding of the

operation and capabilities of the CDMA2000 1x and

1xEV-DO systems.

Prerequisites 
A good understanding of modern digital cellular

communication techniques and, ideally, some

experience of cdmaOne/IS-95 operation or

attendance on the cdmaOne Radio Access course

(MB2102). See this page.

Topic areas include
n Evolution of 3G network architecture

n cdmaOne overview

n CDMA principles in 3G systems

n Access and core network elements and interfaces

n 1x and 1xEV options available for CDMA2000

n Radio link higher-layer protocols

n Link Access Control (LAC) protocol

n Medium Access Control (MAC) protocol

n 1xEV-DO protocol stack

n 1x and 1xEV-DO channels

n 1x and 1xEV-DO physical layer structure

n System access, call processing and handover

CDMA2000™ Radio Access

TETRA and CDMA
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Why Wray Castle?

Flexible delivery options

Training can be delivered in a

variety of formats to meet

individual and operational 

needs. 

These include:

n instructor-led training

through open courses

n instructor-led training

through closed courses

n online virtual classroom

training

n practical interactive

workshops

n e-Learning hosted on your

Learning Management

System (LMS) or supplied on

CD

n Technical Briefings supplied

in soft or hard copy format

n Podcasts 

n ‘Brown bag’ sessions

delivered on customer or

Wray Castle premises

M
B

2
0

0

M
B

2
6

0
1

2 3
M

B
2
1
0
2

M
B

2
1
0
3

3 3

http://www.wraycastle.com/


1 day                   Technical Level

Who would benefit
Technical and semi-technical management staff
requiring an overview of the technologies and
techniques employed by wired and wireless
broadband access systems.

Prerequisites 
A basic understanding of digital communications
techniques would be an advantage, but is not
essential.

Topic areas include
n The broadband market
n DSL – technologies, architecture, access, backhaul
n Powerline broadband
n Fibre optic and cable systems
n Fibre to the home and cabinet
n Fixed wireless access systems
n Satellite broadband and high altitude platforms 
n Wi-Fi hotspot, wide area and ‘municipal’ networks
n UMTS fixed and 3G mobile broadband
n Fixed and Mobile WiMAX
n LTE and UMB
n Broadband deployment strategies

Group exercises

Broadband Access
Technologies

3 days                 Technical Level

Who would benefit
Those involved with modern telecommunication
systems who need a detailed understanding of the
implementation and functions of SS7.

Prerequisites
A general understanding of the PSTN architecture
and circuit- and packet-switched concepts, together
with a working knowledge of the OSI Model and
primary rate (E1/T1) bearers. 

Topic areas include
n Overview of signalling and signalling systems 
n SS7 within mobile and fixed networks 
n Message Transfer Part (MTP)
n ISDN User Part (ISUP) 
n Signalling Connection Control Part (SCCP) 
n SCCP functions and routing
n Connection-oriented and connectionless services 
n Network Services Part (NSP) 
n Transaction Capabilities (TC) 
n TCAP structure, functions and procedures 
n SS7 within INs and within GSM 
n SS7 over IP (SS7oIP) 

Practical exercises

Create your own unique Wray Castle
training with our custom course
development service. 

Each Wray Castle course is created by our

experienced team of developers, authors and

multimedia professionals. 

As well as designing our own range of courses,

we are increasingly asked to develop courses

to meet specific customer requirements. This

may require the development of entirely new

courseware, modifying an existing Wray Castle

course, or combining sections from a number of

courses with the appropriate technical linkage. 

We will be in regular contact with you

throughout the development process, generally

delivering a pilot course before you sign off the

final courseware – ensuring that we deliver the

courses that you and your delegates need. 

SS7 Engineering Customize your training

3 days                 Technical Level

Who would benefit
Transmission and network engineers who require an
insight into modern digital transmission techniques
used within fixed and mobile telecommunications
networks.

Prerequisites 
A good knowledge of fixed or mobile network
transmission and switching architecture, services
and applications and some knowledge of packet-
switched networks and IP routing protocols.

Topic areas include
n Introduction to transmission networks
n Layer 2 virtual circuits – Frame Relay and ATM
n Layer 2 virtual circuits – Multi Protocol Label

Switching (MPLS)
n Carrier-based Ethernet and transmission systems
n Synchronous Digital Hierarchy (SDH)
n Next-generation SDH
n Wave Division Multiplexing (WDM)
n Optical Transport Network (OTN)
n MPLS in optical networks
n Pseudo wires
n Examples of modern transmission systems

Next Generation Transmission

Transport and Signalling
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What our customers say
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“the best trainer to date,

very enthusiastic,

informative – uses

association techniques that

can be easily remembered”

J.L. (Ofcom, UK)

“most useful: combination

between theory and

practical exercises”

O.C. ( Anacom, Portugal)

“a great facilitator, very

enthusiastic and

knowledgeable. His style of

teaching really aids

learning”

A.C. (Ofcom, UK)
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Contact UsPublic Courses
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Public Course Venue – Milton Hill

Wray Castle has carefully selected a central UK

venue, ideally located for easy access by road, rail

and air.

Milton Hill is an interesting and attractive mansion

which has been skillfully converted to provide

modern conference and training facilities. It offers

substantial accommodation of four-star quality with

good dining and excellent leisure, gym and spa

facilities.

Delegate feedback has been excellent and many

have commented on the warm and friendly welcome

and the convenience of being able to stay at the

same location as the training delivery.

Milton Hill is easily reached by road from the M4 and

M40 motorways and is 13 miles south of Oxford.

Didcot Parkway railway station is a five-minute taxi

ride away. The nearest airport is the main London

airport of Heathrow.

With superb training, excellent facilities and an

Early-Bird Discount, there couldn’t be a better

reason to choose a Wray Castle public course.

Visit our website today to get the
latest information on:

n New courses 

n Detailed course descriptions 

n Public course dates and venues 

n Case studies 

n Customer comments 

n Industry links 

n Technical briefings

n Trainer biographies

n Our services 

n Company news

To find out more, please go to
www.wraycastle.com >>

On our websiteEarly-Bird Discount

Book early and receive discounts on all our public

courses. Make your training budget go further and

get a 15% discount on all public courses booked six

weeks ahead.

You’ll receive the same great training from the Wray

Castle team, delivered at the excellent UK venue

described above.

This offer applies to all firm bookings made six

weeks in advance of the requested public course

date. The offer cannot be used in conjunction with

any other Wray Castle offers. All other terms and

conditions remain unchanged.

On every Wray Castle public course you’ll receive:

n Superb training from one of our industry

experienced trainers

n A comprehensive set of hard-copy course notes

n Searchable colour course notes on a CD

n Lunch and refreshments

n Access to gym and leisure facilities

n A post-course support service where we will

answer any course-related question – with no time

limits

15%
OFF

European Office

Wray Castle Limited

Bridge Mills

Stramongate

Kendal

LA9 4UB

UK 

Tel: +44 (0) 1539 742 742

E-mail: training@wraycastle.com

Web: www.wraycastle.com

By telephone or by e-mail

North American Office

Wray Castle USA, Inc.

2875 Northwind Drive

Suite 103

East Lansing

MI 48823

USA

Tel: +1 800 594 5102

E-mail: training@wraycastleusa.com

Web: www.wraycastle.com
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