TECHNICAL STANDARDS
FOR
INTERNATIONAL MOBILE TELECOMMUNICATION (IMT)

MTSFB 001 : 2010

© Copyright 2010 Malaysian Technical Standards Forum Bhd

i

TABLE OF CONTENTS
Page

1

EXECUTIVE SUMMARY

5

2

SCOPE

6

3

OVERVIEW OF IMT TECHNOLOGY DEVELOPMENT

6

4

5

3.1

International Mobile Telecommunication 2000 (IMT‐2000) ........................... 7

3.2

International Mobile Telecommunication ‐ Advanced (IMT‐Advanced) ......... 7

3.3

Technology Neutrality ..................................................................................... 8

IMT NETWORKS DEPLOYED IN MALAYSIA
4.1

Telekom Malaysia (CDMA2000) ...................................................................... 9

4.2

DiGi (WCDMA / EDGE) ................................................................................... 10

4.3

Maxis Mobile (WCDMA / EDGE) .................................................................... 10

4.4

Celcom (WCDMA / EDGE) .............................................................................. 11

4.5

U Mobile (WCDMA) ....................................................................................... 11

4.6

Packet‐1 (OFDMA TDD) ................................................................................. 12

IMT SPECTRUM BANDS
5.1

6

7

9

13

IMT Bands Adopted by Malaysia ................................................................... 13

IMT ADVANCED

14

6.1

IMT Advanced Overview ................................................................................ 14

6.2

Status Update from Working Party 5D .......................................................... 14

6.3

IMT Technology Roadmaps and Timelines .................................................... 15

TECHNICAL STANDARDS FOR IMT2000

16

7.1

IMT‐2000 CDMA Direct Spread ..................................................................... 17

7.2

IMT CDMA Multi‐Carrier ................................................................................ 20

7.3

IMT CDMA TDD .............................................................................................. 24

7.4

IMT TDMA Single Carrier ............................................................................... 26

2

7.5

IMT FDMA/TDMA (DECT) .............................................................................. 28

7.6

IMT OFDMA TDD WMAN ............................................................................... 30

8

CONCLUSIONS

32

9

RECOMMENDATIONS

33

10

REFERENCE DOCUMENTS

34

11

ABBREVIATIONS

34

12

APPENDIX A NON‐IMT NETWORKS IN MALAYSIA

36

12.1

iBurst (or HC‐SDMA) ...................................................................................... 36

12.2

Flash‐OFDM ................................................................................................... 37

12.3

SOMA NETWORKS ......................................................................................... 38

3

Committee Representation
The Working Group on International Mobile Telecommunication under whose authority this
MTSFB technical standard was developed, comprises representatives from the following
organisations:‐
Celcom (Malaysia) Berhad
DiGi Telecommunications Sdn Bhd
Jaring Communications Sdn Bhd
Maxis Communications Bhd
MIMOS Berhad
Packet One Networks (M) Sdn Bhd
Telekom Malaysia Berhad
U Mobile Sdn Bhd
Universiti Teknologi Malaysia (UTM)
.

4

1

Executive Summary

The purpose of this document is to review the Determination 5 of 2002 and the Variation Order
of 2004 as to be kept updated with advances in ITU‐R recommendation referred to in ITU R‐REC‐
M.1457‐8‐2009.
In Malaysia, the current IMT‐2000 air interface technologies are EDGE, WCDMA, CDMA2000,
DECT and OFDMA TDD WMAN. Service providers such as Celcom, DiGi, and Maxis have deployed
WCDMA/EDGE. While the widely deployed GSM technology is not defined part of IMT‐2000,
EDGE is. U Mobile on the other hand only employs WCDMA. For CDMA2000 air interface,
Telekom Malaysia is the current service provider while Packet‐1 deploys OFDMA TDD WMAN
based on IEEE 802.16e. The other WiMAX service providers’ radio interface technologies are not
readily known. In addition, DECT technology is mainly used for cordless phones for private use.
The E‐UTRAN (LTE) is to be considered as part of the IMT‐2000 family of approved standards.
The list above serves as an overview and do not hinder any service provider to deploy other IMT‐
2000 technologies in the future. There are other non‐IMT wireless broadband technologies such
as iBurst and FLASH‐OFDM which are commercially operating in IMT defined spectrum bands.
Nevertheless this technology is serving a niche market.
In view for the future telecommunication services in Malaysia, the IMT Work Group proposes the
adoption of IMT technology neutrality concept. In our perspective, technology neutrality is
defined as the use of any available IMT approved technology that provides such related services
in the identified frequency bands. These IMT bands shall mean to include any new IMT bands
identified at World Radio Conference (WRC) 2007, prior and beyond. Technical conditions for
usage of IMT spectrum in Malaysia should be referred to the relevant Standard Radio System
Plan (SRSP) documents.
Considering the future of evolving technologies, the work group acknowledges the emerging
“4G” supporting technologies such as LTE‐Advanced and 802.16m that are likely to be in the
roadmap of existing service providers. These emerging technologies shall be classified in the
future under the “IMT‐Advanced” standard.
The work group recommends to SKMM that both Determination 2002 and Variation 2004 to be
un‐mandated. A new document is recommended to be created (one such example is a Voluntary
Industry Code) which shall include all existing six (6) IMT‐2000 approved technologies as radio
interface technologies that can be potentially deployed in Malaysia in accordance to the relevant
SRSP document.
Additionally the status and usage of the IMT satellite bands will not be discussed as it is beyond
the scope of this document.
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Scope

The purpose of this document is to review the Determination 5 of 2002 and the Variation Order
of 2004. The scope is to provide to SKMM advice, technical support and recommendations after
reviewing the Determination 5 of 2002 and Variation of the Mandatory Standard registered in
June 2004, Ref [2]. In addition, a recommendation on the working group position is presented. All
arguments and justification to support the above recommendation is to be provided.
The document compiles the radio technologies that exist in Malaysia. This is included in order to
have a thorough understanding of status of the local industry. A network and service description
is briefly elaborated for all the wireless broadband service providers in the nation.
A chapter will provide an overview of the various IMT‐2000 standards including their
characteristics, network architectures and physical layer features. The standards organization
which is responsible for its development is highlighted.
A brief overview of IMT Advanced (“4G”) is presented which covers its current development
status. This is because the wireless technology is rapidly evolved and the industry should be kept
updated on latest progress.
Document scope exclusions: Satellite IMT component and non‐IMT technologies.
Note: Recommendation ITU‐R M.1850 identifies satellite radio interface specifications for IMT‐
2000 systems, was recently released on 8 Mar 2010.
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Overview of IMT Technology Development

The initiation of IMT Technology was due to the ‘globalization’ trend in all forms of
communications, business, or even entertainment. Globalisation is necessary in order to have
sufficient flexibility to meet local needs and to allow regional or national systems to evolve
smoothly toward international involvement for wireless communications.
Thus, the International Telecommunication Union (ITU) has the objective to develop a flexible
standard and universal telecommunications infrastructure especially for wireless access. The
standard should serve mobile and fixed users in both public and private networks. The ITU began
its studies on global telecommunications in 1986, when the availability of handheld cellular
phones offered the potential for worldwide usage, rather than just national, regional or only land
mobile systems.
Based on this globalisation vision, the ITU World Administrative Radio Conference in 1992
(WARC‐92) identified 1885‐2025 MHz and 2110‐2220 MHz including satellite components on a
worldwide basis for the use of Future Public Land Mobile Telecommunication Systems (FPLMTS).
Since it was scheduled to start service around the year 2000, FPLMTS was later changed to IMT‐
2000 which stands for International Mobile Telecommunication‐2000. At time of writing, it has
been agreed that spectrum currently allocated for exclusive use by IMT‐2000 technologies will
now be known as just “IMT spectrum”.
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3.1

International Mobile Telecommunication 2000 (IMT‐2000)

IMT‐2000 is also known as the third generation mobile systems. In order to differentiate IMT‐
2000 from the former generation, Table 1 below compares the significant differences between
the 2nd and 3rd generation mobile systems.
Aspect
Digital Technology

Frequency bands

2nd Generation Systems
Digital technologies are used for
• modulation
• speech
• channel
• coding
• data control
• data channel
Operate in multiple frequency bands
e.g. 800 MHz, 900 MHz, 1.5 GHz and
1.8 GHz

Commonality
for
different
operating
environments

Primarily optimized for specific
operating environment such as
vehicular
and
pedestrian
environments.

Roaming

Limited to specific region

Technology

Spectrum efficiency, overall cost and
flexibility are limited by system design
objectives

3rd Generations Systems (IMT‐2000)
Increased used of digital technologies
to programmable radios e.g. software
defined radios.

Use of a common global frequency
band for both terrestrial and satellite
components
e.g.
450‐470
MH,
698/790–806 MHz, 2300‐2400 MHz,
2500‐2690 MHz, 3400‐3600 MHz
Maximizing
commonality
and
optimization of radio interfaces for
multiple operating environments i.e.
vehicular, pedestrian, office, fixed
wireless access and satellite operation
Improved global roaming due to global
frequency coordination.
Those cost are improved as a result of
building upon 2nd generation wireless
system design experience

Table 1: Comparison of second and third generation mobile systems
3.2

International Mobile Telecommunication ‐ Advanced (IMT‐Advanced)

International Mobile Telecommunications – Advanced (IMT‐Advanced) systems are mobile
systems that include the new capabilities of IMT that go beyond those of IMT‐2000. The following
Table 2 compares key features between IMT‐2000 and IMT‐Advanced.
IMT‐2000 – ITU‐R‐REC‐M.1457
High degree of commonality of design world wide

Compatibility of services within IMT‐2000 and
with the fixed networks
High quality
Small terminal for worldwide use
Capability for multimedia applications, and a wide
range of services and terminals
Worldwide roaming capability

IMT‐Advanced – ITU‐R M.[IMT‐TECH] Aug 2008
High degree of commonality of design worldwide
while retaining the flexibility to support a wide range
of services and applications in a cost‐efficient manner
Compatibility of services within IMT and with fixed
networks
High‐quality mobile services
User equipment suitable for worldwide use
User‐friendly applications, services and equipment
Worldwide roaming capability
Capability of interworking with other radio access
systems
Enhanced peak data rates to support advanced
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services and applications (100 Mbits/s for high and 1
Gbit/s for low mobility were established as targets for
research)

Table 2: Comparison of IMT‐2000 and IMT‐Advanced key features

With reference to the above Table 2, it can be confirmed that IMT‐Advanced is just an
enhancement features to the current IMT‐2000. The well known van diagram below briefly
illustrates the relationship between IMT‐2000 and IMT‐Advanced.

Figure 1: Illustration of relationship of IMT‐2000 and IMT‐Advanced. Ref [4]
3.3

Technology Neutrality

In view of the development of future telecommunication services in Malaysia, the IMT work
group proposes the adoption of IMT technology neutrality concept. From our perspective,
technology neutrality is defined as the use of any available IMT approved technology that
provides such related services in the identified frequency bands.
IMT spectrum bands are discussed in Section 6 below. The use of spectrum is governed by the
Standard Radio System Plan (SRSP) document for each specific frequency band.
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EDGE evolution. Another reason is that all GSM celcos also possess 3G licenses enabling them to
deploy HSPA which have better performance than EDGE evolution.
For HSPA, the evolution path is moving towards HSPA evolved (or sometimes called HSPA+).
HSPA+ has different stages of throughput improvements and is dependent on how many of the
features are activated. The more features activated, the higher the achievable peak throughput.
Features include higher order modulation (64QAM), multiple input – multiple output (MIMO)
antennas, single and dual carriers. All 4 celcos have deployed HSPA in parts of the network and
can evolve to HSPA+ in the near future.
LTE (or E‐UTRAN) is still in early stages. The celcos are currently evaluating the technology and
there is no urgency to introduce this technology to Malaysia. LTE promises a much lower cost per
Mbit than it is possible using HSPA. Hence this technology is on the roadmap and in the not too
distant future, LTE is expected to evolve to LTE Advanced.
6.3.2 3GPP2
The radio interfaces are split in 2 sub‐groups – EV‐DO and UMB. Telekom Malaysia is the only
operator who is deploying EV‐DO. Telekom Malaysia has so far deployed Rev. 0, which can evolve
to Rev. A and Rev B. in the future.
Rev A offers fast packet establishment on both the forward and reverse links along with air
interface enhancements that reduce latency and improve data rates. In addition to an increase in
the maximum downlink rate from 2.45 Mb/s to 3.1 Mb/s
EV‐DO Rev B is the next evolutionary step up from EV‐DO Rev A. It improves throughputs by
bundling multiple channels together to enhance user experience and enables new services such
as high definition video streaming.
UMB (Ultra Mobile Broadband) is currently not gathering much interest globally. Hence it is
anticipated that the adoption of UMB in Malaysia is quite unlikely.
6.3.3 WiMAX Forum
The radio interfaces are split in 2 sub‐groups – Fixed WiMAX and Mobile WiMAX. These 2
interfaces are very different and are not compatible with each other.
For Fixed WiMAX, there is no known evolution path at this time.
Mobile WiMAX deployment is more active both locally and globally. P1 is aggressively deploying
base stations nationwide. P1 is currently using Wave 2 equipment and devices. Mobile WiMAX
will evolve to IEEE 802.16m in the future.
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Technical Standards for IMT2000

This section describes all six (6) IMT2000 technologies with reference to technical standards. The
technical information is presented in general but provides the relevant references to standards
organization. The summarized information is tabulated below:
RADIO INTERFACE
NAME
IMT‐2000 CDMA Direct
Spread

OTHER COMMON NAMES

STANDARDS ORGANISATION

WCDMA
UMTS
UTRA‐FDD 3.84 Mchip/s

3GPP (www.3gpp.org) Release 99 and
beyond
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IMT‐2000 CDMA Multi
Carrier

CDMA2000 1X and 3X
CDMA2000 1xEV‐DO
CDMA2000 1xEV‐DV

IMT–2000 CDMA TDD

IMT–2000 TDMA Single
Carrier

UTRA TDD 7.68 Mchip/s high
chip rate
UTRA TDD 3.84 Mchip/s high
chip rate
UTRA TDD 1.28 Mchip/s low
chip rate (TD‐SCDMA)
UMTS
UWC136
EDGE

IMT–2000 FDMA/TDMA

DECT

IMT‐2000 OFDMA TDD
WMAN

Mobile WiMAX (802.16e)

3GPP2 (www.3gpp2.org)
CCSA (www.ccsa.org.cn)
TIA (www.tiaonline.org)
TTA (www.tta.or.kr)
TTC (www.ttc.or.jp)
ARIB (www.arib.or.jp)
TDSCDMA
FORUM
(www.tdscdma‐
forum.org)
CCSA (www.ccsa.org.cn)
3GPP (www.3gpp.org)

Not listed for UWC136 (Not Applicable)
3GPP (www.3gpp.org) Release 98 and
beyond.
ETSI (www.etsi.org)
WIMAX FORUM (www.wimaxforum.org)
IEEE (www.ieee.org – specifically 802.16e)

Table 5: The six (6) approved IMT2000 technologies and their related Standards Organisation.
Note: The ITU has defined IMT to consist of 6 different technologies; the latest OFDMA TDD‐WAN
was accepted by the ITU‐R on October 2007.
7.1

IMT‐2000 CDMA Direct Spread

7.1.1 Introduction

Standards development organisation responsible:
3GPP (www.3gpp.org) Release 99 and beyond
The IMT‐2000 radio‐interface specifications for CDMA Direct Spread technology is called
Universal Terrestrial Radio Access (UTRA) FDD or Wideband CDMA (WCDMA).
The radio‐access scheme used is Direct‐Sequence CDMA (DS‐CDMA) with information spread
over approximately 5 MHz bandwidth using a chip rate of 3.84 Mchip/s.
The radio interface is defined to carry a wide range of services to efficiently support both circuit‐
switched services (e.g. PSTN‐ and ISDN‐based networks) as well as packet‐switched services (e.g.
IP‐based networks). A flexible radio protocol has been designed where several different services
such as speech, data and multimedia can simultaneously be used by a user and multiplexed on a
single carrier.
The defined radio‐bearer services provide support for both real‐time and non real‐time services
by employing transparent and/or non‐transparent data transport. The quality of service (QoS)
can be adjusted in terms such as delay, bit error probability, and frame error ratio (FER).
The radio‐interface specification includes enhanced features for High‐Speed Downlink Packet
Access (HSDPA), Multiple Input Multiple Output Antennas (MIMO), higher order modulation
(64‐QAM) and improved L2 support for high data rates allowing for downlink packet‐data
transmission with peak data rates approaching 42 Mbit/s and simultaneous high‐speed packet
data and other services such as speech on the single carrier.
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In particular, features for enhanced uplink have been introduced, allowing for improved capacity
and coverage, higher data rates than the current uplink maximum, and reduced delay and delay
variance for the uplink. The addition of higher order modulation (16‐QAM) for the enhanced
uplink, allows for peak data rates up to 11 Mbit/s.
For efficient support of always‐on connectivity whilst enabling battery saving in the Ue and
further increasing the air interface capacity, the specifications also include the Continuous Packet
Connectivity feature (CPC). Similar to the downlink, the improved L2 support for uplink is
supported to allow efficient support of high data rates and reduced L2 overhead.
For fast state transitions between different states, the specifications also include Enhanced
CELL_FACH state. The CS voice services can also be supported over HSPA.
The radio access network architecture also provides support for multimedia broadcast and
multicast services, i.e. allowing for multimedia content distribution to groups of users over a
point‐to‐multipoint bearer. More efficient provision of MBMS is supported by Single Frequency
Network (SFN) operation with MBSFN.
E–UTRAN has been introduced for the evolution of the radio‐access technology towards a high‐
data‐rate, low‐latency and packet‐optimized radio‐access technology.
E‐UTRAN supports scalable bandwidth operation below 5 MHz bandwidth options up to 20 MHz
in both the uplink and downlink. Harmonization of paired and unpaired operation is highly
considered to avoid unnecessary fragmentation of technologies.
The radio access network architecture of E‐UTRAN consists of the evolved UTRAN Node Bs
(eNBs). eNBs host the functions for radio resource management, IP header compression and
encryption of user data stream, etc. eNBs are interconnected with each other and connected to
an Evolved Packet Core (EPC).

Figure 4 – Peak Data Rate Evolution for IMT‐2000 CDMA Direct Spread. Ref [6]
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7.1.2 Network Architecture

Figure 5 – Radio Access Network Architecture for UTRA
The architecture of this radio interface as shown in Figure 5 consists of a set of radio network
subsystems (RNS) connected to the CN through the Iu interface. An RNS consists of a radio
network controller (RNC) and one or more entities called Node B. Node B is connected to the RNC
through the Iub interface. Each Node B can handle one or more cells.
The RNC is responsible for the handover decisions that require signaling to the user equipment
(UE). In case macro diversity between different Node Bs is to be supported, the RNC comprises a
combining/splitting function to support this. Node B can comprise an optional
combining/splitting function to support macro diversity within a Node B. The RNCs of the RNS can
be interconnected through the Iur interface. Iu and Iur are logical interfaces, i.e. the Iur interface
can be conveyed over a direct physical connection between RNCs or via any suitable transport
network.
The E‐UTRAN radio access network as shown in Figure 6 below consists of eNBs, providing the
user plane (PDCP/RLC/MAC/PHY) and control plane (RRC) protocol terminations towards the UE.
The eNBs are interconnected with each other by means of the X2 interface. The eNBs are also
connected by means of the S1 interface to the EPC (Evolved Packet Core), and more specifically
to the MME (Mobility Management Entity) by means of the S1‐MME and to the S‐GW (Serving
Gateway) by means of the S1‐U. The S1 interface supports a many‐to‐many relation between
MMEs/Serving Gateways and eNBs.
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Figure 6 ‐ Radio Access Network Architecture for E‐UTRAN
7.1.3 Summary of key technical parameters
A summary of the key technical parameters is shown in Table 6 below
Parameter
Multiple access technique and
duplexing scheme
Chip rate (Mchip/s)
Frame length and structure

Occupied bandwidth

Random access mechanism

Pilot structure
Inter‐base station
asynchronous/synchronous operation

Description or Value
Multiple access: DS‐CDMA
(E‐UTRAN) OFDM in DL. SC‐FDMA in UL
Duplexing: FDD
3.84
Frame length: 10 ms
(E‐UTRAN) Sub‐frame length; 1 ms
Slot length: 10/15 ms
(E‐UTRAN) 0.5 ms
TTI:
10 ms, 20 ms, 40 ms, 80 ms,
2 ms
(E‐UTRAN) 1 ms
Less than 5 MHz
(E‐UTRAN) 1.4 MHz, 3 MHz, 5 MHz, 10 MHz,
15 MHz and 20 MHz
Acquisition indication based random‐access
mechanism with power ramping on preamble
followed by message
Uplink: dedicated pilots
Downlink: common and/or dedicated pilots
Asynchronous;
synchronous

Table 6 – Summary of Key Technical Parameters
7.2

IMT CDMA Multi‐Carrier

Standards development organisation responsible:
3GPP2 (www.3gpp2.org)
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CCSA (www.ccsa.org.cn)
TIA (www.tiaonline.org)
TTA (www.tta.or.kr)
TTC (www.ttc.or.jp)
ARIB (www.arib.or.jp)
The IMT‐2000 radio interface specifications for CDMA multi‐carrier (MC) technology are
developed within the third generation partnership project 2 (3GPP2). This radio interface is called
CDMA2000.
In the development of this radio interface the CN specifications are based on an evolved ANSI‐41
and IP network, but the specifications include the necessary capabilities for operation with an
evolved GSM‐MAP‐based CN or a CN based on IETF protocols.
This radio interface is a wideband spread spectrum radio interface that utilizes CDMA technology
in order to meet the needs of the 3G wireless communication systems and to meet the
requirements for the 3G evolution of the current 2G TIA/EIA‐95‐B family of standards.
As shown in Figure 7, this radio interface has a layered structure that provides a combination of
voice, packet data, and circuit data services, according to the ISO/OSI reference model
(i.e. Layer 1 – the physical layer, and Layer 2 – the link layer). Layer 2 is further subdivided into
the link access control (LAC) sub‐layer and the MAC sub‐layer. Applications and upper layer
protocols corresponding to OSI Layers 3 through 7 utilize the services provided by the LAC
services, e.g. signaling services, voice services, data services (packet data and circuit data).

Figure 7: IMT‐CDMA Multicarrier Layers
7.2.1 High Rate Packet Data (HRPD) Access
The High Rate Packet Date Access family of standards, also known as Evolution Data Optimized
(EV‐DO), provide full QoS and efficient support for a wide variety of applications, backward
compatible multi‐carrier support, broadcast/multicast, flexible duplex and hybrid frequency
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reuse. CDMA2000 1xEV‐DO was approved as an IMT‐2000 standard (cdma2000 High Rate packet
Data Air Interface, IS‐856) at the ITU Stockholm Conference in 2001.
7.2.1.1 CDMA2000 1xEV‐DO Release 0
CDMA200 1xEV‐DO Release 0 (Rel. 0) was the first mobile broadband technology deployed in
2002. It provides a peak data rate of 2.4 Mbps in the forward link and 153 kbps in the reverse
link in a single 1.25 MHz FDD carrier. In commercial networks, Rel. 0 delivers average throughput
of 300‐700 kbps in the forward link and 70‐90 kbps in the reverse link. It leverages the existing
suite of Internet Protocols (IP), and hence supports IP‐based network connectivity and software
applications.
In most all cases, CDMA2000 1xEV‐DO devices include a CDMA2000 1X modem to be compatible
with predecessor CDMA technologies such as CDMA2000 1X and cdmaOne systems.

Figure 8: CDMA2000 1xEV‐DO Release 0 network diagram
7.2.1.2 CDMA2000 1xEV‐DO Revision A (Rev. A)
Rev. A is an evolution of CDMA2000 1xEV‐DO Rel. 0 that increases peak rates on reverse and
forward links to support a wide‐variety of symmetric, delay‐sensitive, real‐time, and concurrent
voice and broadband data applications. It also incorporates OFDM technology to enable
multicasting (one‐to‐many) multimedia content delivery. With its low network latency, service
tiering with Quality of Service (QoS) and IP‐based broadband architecture, Rev. A is able to
support time‐sensitive applications, such as Voice over IP (VoIP), Push‐to‐Talk (PTT) and video
telephony.
Rev. A provides a peak data rate of 3.1 Mbps in the forward link and 1.8 Mbps in the reverse link
in a 1.25 MHz FDD carrier. In commercial networks, Rev. A achieves average throughput of 450‐
800 kbps in the forward link and 300‐400 kbps in the reverse link. The average latency of Rev. A is
below 50 milliseconds, making it ideal for delay‐sensitive applications.
Rev. A networks supports existing Rel. 0 applications and devices. It is also backwards compatible
with 1X and cdmaOne systems through multi‐mode devices.
7.2.1.3 CDMA2000 EV‐DO Revision B
The Revision B (Rev. B) is an evolutionary step of Rev A that consists of a software upgrade that
aggregates multiple EV‐DO Rev. A channels to provide higher performance for multimedia
delivery, bi‐directional data transmissions and VoIP‐based concurrent services. The Rev B
standard was published by the Third Generation Partnership Project 2 (3GPP2) under document
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7.5

IMT FDMA/TDMA (DECT)

Standards development organisation responsible:
ETSI (www.etsi.org)

Figure 10: DECT and the IMT‐2000 Domain (reproduced from http://www.itu.int)
DECT which stands for Digital Enhanced Cordless Telecommunications is categorized as the IMT‐
2000 FDMA/TDMA general radio access technology. As early as 1999, DECT became member of
IMT‐2000 family.
The domain of DECT in IMT‐2000 technology is given in Figure 10 whereby it can provide wireless
access for both indoor and outdoor environment with cell radius ranging from a few meters to
several kilometres Ref. [3]. It offers telephony quality voice services, and a broad range of data
services, including ISDN and packet data.
It can be effectively implemented in a range from simple residential cordless telephones up to
large systems providing a wide range of telecommunications services, including fixed wireless
access Ref. [3]. An example of a common interface structure of DECT access technology is
illustrated in Figure 11 below.
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Figure 11: Common interface structure of DECT access technology

A DECT system comprises a DECT Fixed Part (FP), utilising one or more base stations (RFPs), and
one or more DECT Portable Parts (PPs). There is no limit to the size of the infrastructure as far as
the number of base stations and cordless terminals is concerned.
In principle the DECT base standard only covers the “air interface” between a DECT Fixed Part
(FP) and a DECT Portable Part (PP), it provides a toolbox with protocols and messages from which
selections can be made (profiles) to access any specific type of network. In addition to being
cordless, DECT makes available the network specific services and features (including mobility) to
the user through the DECT common air interface transparently [Ref. 7].
Technical parameter

Description or Value

Multiple access technique

TDMA

Duplexing scheme

TDD

Frame length

10 ms

Number of time slots in a frame

12 double slots
24 full slots
48 half slots

Modulation

GFSK, π/2-DBPSK, π/4-DQPSK, π/8-D8PSK, 16-QAM,
64-QAM

RF bit rate

1 152 kbit/s for 2-level modulation
2 304 kbit/s for 4-level modulation
3 456 kbit/s for 8-level modulation
4 608 kbit/s for 16-level modulation
6 912 kbit/s for 64-level modulation

Channel spacing

1 728 kHz

Transmit power

Peak power
Level 1: 2.5 mW (4 dBm)
Level 2: 250 mW (24 dBm)
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For the portable part the centre frequency accuracy shall be within
± 50 kHz at extreme conditions either relative to an absolute
frequency reference or relative to the received carrier, except
during the first one second after the transition from the idle-locked
state to the active-locked state the centre frequency accuracy shall
be within ± 100 kHz at extreme conditions relative to the received
carrier.

Frequency stability

At an RFP the transmitted RF carrier frequency corresponding to
RF channel C shall be in the range FC ± 50 kHz at extreme
conditions.
The maximum rate of change of the centre frequency at both the
RFP and the PP while transmitting shall not exceed 15 kHz per
slot.
channel: 160 μW
channel: 1 μW
channel: 80 nW
channel: 40 nW

Adjacent channel leakage power

1
2
3
>3

Reference sensitivity

better than –83 dBm –86 dBm for speech service according to
Generic Access Profile (GAP)
Sensitivity is measured at 1 × 10−3 raw BER

Inter-modulation sensitivity

The level of the interfering signals is –48 dBm, wanted signal is –
80 dBm and 1 × 10−3 raw BER

Table 9: DECT PHY Layer characteristics
7.6

IMT OFDMA TDD WMAN

Standards development organisation responsible:
WIMAX FORUM (www.wimaxforum.org)
IEEE (www.ieee.org – specifically 802.16e)

The network architecture of OFDMA TDD WMAN radio interface can be presented using the
Network Reference Model (NRM). The NRM consists of different functional entities together with
reference point for interoperability purposes. Detail description of each entities and reference
point could be obtained from WiMAX Forum.

30

Figure 11: Network Reference Model (NRM)
Parameter/Capability
Duplex method
Physical layer mode
System channel bandwidth
FFT size
Frame duration
Transmit transition gap (TTG)
Receive transition gap (RTG)
Modulation, downlink
Modulation, uplink
Forward error correction coding
Encryption
Authentication
Privacy key management
Management message integrity protection

Description or Value
TDD
OFDMA
5 MHz
10 MHz
512
1 024
5 ms
105.714 µs
60 µs
QPSK, 16‐QAM, 64‐QAM
QPSK, 16‐QAM
Convolutional
Coding
and
Convolutional Turbo Coding
AES‐CCM, AES Key Wrap, 128‐
bit keys
EAP
PKMv2
CMAC

Table 10: OFDMA TDD WMAN parameters and capabilities
Further enhancements to the IMT‐2000 OFDMA TDD WMAN interface include additional
capabilities such as FDD mode and greater flexibility in channel bandwidth options. The WiMAX
Forum looks forward to the incorporation of these materials in Rec. ITU‐R M.1457‐9.
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Conclusions

To date, in Malaysia, a variety of IMT2000 technologies are being deployed by numerous service
providers to provide services to the general public. These wireless technologies including
WCDMA, EDGE, DECT, CDMA2000 and Mobile WiMAX are used to deliver voice, messaging, data
and multimedia services.
In addition, there are a number of non‐IMT2000 wireless technologies deployed and radiating
which marketed as wireless broadband products. So far, these technologies are deployed in
limited numbers. The majority of network equipments on‐air are those from the IMT2000 family.
RADIO INTERFACE
NAME
1. IMT‐2000
CDMA Direct
Spread
2.

3.

4.

5.
6.

IMT‐2000
CDMA Multi
Carrier
IMT–2000
CDMA TDD

IMT–2000
TDMA Single
Carrier
IMT–2000
FDMA/TDMA
IMT‐2000
OFDMA TDD
WMAN

COMMON NAMES

DEPLOYED BY

WCDMA
UMTS
UTRA‐FDD 3.84 Mchip/s

Celcom,
DiGi,
Maxis,
U‐Mobile
Telekom Malaysia

CDMA2000 1X and 3X
CDMA2000 1xEV‐DO
CDMA2000 1xEV‐DV
UTRA TDD 7.68 Mchip/s high chip
rate
UTRA TDD 3.84 Mchip/s high chip
rate
UTRA TDD 1.28 Mchip/s low chip
rate (TD‐SCDMA)
UMTS
UWC136
EDGE
DECT
Mobile WiMAX (802.16e)

None at time of
writing. Trial
networks were
operating
previously.

Celcom
DiGi
Maxis
Residential use as
cordless phones
Packet‐1 and other
WiMAX operators

Table 11: IMT‐2000 technologies and corresponding list of service providers
Note: This list above serves as an overview and do not hinder any service provider to deploy other IMT‐2000
technologies in the future.

Out of the 6 approved IMT‐2000 technologies, only one is not in use today which is CDMA TDD.
This is mainly due to equipment and device availability. Only 1 or 2 vendors are offering
equipment based on CDMA TDD technology and hence costs remain high. This technology is
attractive to 3G service providers because mobile broadband consumes large amounts of FDD
bandwidth and the 3G operators are eager to use the 1x5 MHz TDD spectrum assigned to them.
Technology roadmaps show that IMT2000 will have new features which improve the air interface
performance as standards evolved to IMT‐advanced (or 4G). In general the performance
improvement is quantified as increase in spectral efficiency, higher cell capacities, faster
throughputs, lower latency and flexibility to support different frequency bandwidths.
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E‐UTRAN (also known as LTE and “3.9G”) is the transition technology bridging IMT‐2000 to IMT
Advanced. It is seen to be an interim solution before the final approval for true “4G” or IMT
Advanced radio technologies which is expected to be announced in Oct 2010 by the Working
Party 5D. At time of writing, commercial LTE networks operating in the 2600 MHz band are
operational in Norway and Sweden under the operator TeliaSonera. This new technology is
expected to be trialed by local 3G operators very soon although commercial service is likely to be
in a few years to come.
IMT frequency bands have been defined in Malaysia for use by IMT technologies. Future
identification of IMT frequency bands (both local and global) needs continually monitoring and
information in this document should be updated on a regular basis. In addition, the technical
conditions for spectrum usage are governed by the “Standard Radio System Plan” (SRSP)
document.

9

Recommendations

The IMT work group has completed the study of IMT‐2000 technology standards and the status of
its deployment in Malaysia. This study was conducted to put forward a position for the
“Determination 2002” and “Variation 2004”. In this determination, the technology W‐CDMA (FDD
and TDD variants) was mandated as standard for Malaysia.
However, as of today, 5 out of the 6 approved IMT‐2000 technologies have been deployed; all of
these networks are providing valuable voice and data services to fee‐paying subscribers. Hence it
is the Working Groups’ opinion that the Determination 2002 and Variation 2004 should be
changed to take into account of the existing networks which are live and on‐air.
The work group recommends to SKMM that both Determination 2002 and Variation 2004 to be
un‐mandated. A new document is recommended to be created (one such example is a Voluntary
Industry Code) which shall include all existing six (6) IMT2000 approved technologies as radio
interface technologies that can be deployed in Malaysia in accordance to the relevant SRSP
document. The E‐UTRAN (LTE) is to be considered as part of the IMT‐2000 family of approved
standards.
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Abbreviations
Acronym
ASP
ANSI
ARIB
ATUR
BWA
CCSA
CDG
CELCO
DECT
DTRS
EDGE
ETSI
E‐UTRAN
EV‐DO
FDD
FWA
GPRS
GSM
HSDPA
HSUPA
IEEE
ITU‐R

Meaning
Application Services Provider
American National Standards Institute
Association of Radio Industries and Businesses (Japan)
Automatic Telephone Using Radio
Broadband Wireless Access
China Communications Standards Association
CDMA Development Group
Cellular Company
Digital Enhanced Cordless Telecommunication
Digital Trunk Radio System
Enhanced Data over GPRS Evolution
European Telecommunications Standards Institute
Evolved‐ Universal Terrestrial Radio Access Network
Evolution Data Optimised
Frequency division duplex
Fixed Wireless Access
General Packet Radio Service
Global System for Mobile communication
High speed downlink packet access
High speed uplink packet access
Institute of Electrical and Electronic Engineers
International Telecommunication Union – Radio
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LAN
LTE
MAC
MARS
MBSFN
MIMO
NFP
NGN
NSP
OFDMA
RiLL
RIT
SDO
SKMM
TDD
TIA
TTA
TTC
UMB
UTRAN
WAN
W‐CDMA
WiLL
WiMAX
WRC

Local area network
Long Term Evolution
Media Access Control
Multiple Access Radio System
Multimedia Broadcast Single Frequency Network
Multiple Input Multiple Output
Network Facilities Provider
Next Generation Network
Network Services Provider
Orthogonal frequency division multiple access
Remote Local Loop
Radio Interface Technology
Standards Development Organisation
Suruhanjaya Komunikasi dan Multimedia Malaysia
Time division duplex
Telecommunications Industry Association
Telecommunications Technology Association (Korea)
Telecommunications Technology Committee (Japan)
Ultra Mobile Broadband
Universal Terrestrial Radio Access Network
Wide area network
Wideband Code division multiple access
Wireless Local Loop
Worldwide Interoperability for Microwave Access
World Radiocommunication Conference
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12 APPENDIX A

Non‐IMT networks in Malaysia

The Intention of having this section is only for complete understanding of all the broadband
wireless access networks currently deployed. This is useful for understanding the challenges
when operating in close proximity with the IMT identified bands.
Wireless
Provider

Service

Radio Technology (non IMT)

Spectrum Usage (in IMT bands)

Power Net

FLASH‐OFDM
(based
Qualcomm proprietary)

on

800 MHz: 2x2.5 MHz

Izzinet

SDMA (Spatial Division Multiple
Access)

1800 MHz: 1x10 MHz

Jaring

SOMA networks
WCDMA)

2600 MHz band: 2x5 MHz

(based

on

Table 12 : Summary of Non‐IMT Networks deployed in Malaysia
12.1 iBurst (or HC‐SDMA)
HC‐SDMA (High Capacity Spatial Division Multiple Access) is a wide area wireless broadband
technology for fixed, portable and mobile devices developed by ArrayComm. Kyocera is a leading
manufacturer of iBurst devices.
Key characteristics:
•

Uses adaptive‐array antennas to optimise the use of bandwidth

•

The protocol specifies RF characteristics, frame structure, burst types, error correction,
logical channels and higher layers managing sessions between client device and base
stations

•

5 MHz channel bandwidth

•

Quoted speed of up to 1061 Kbps downlink and up to 384 Kbps uplink

•

Operates in 1.8 GHz and 1.9 GHz

•

User terminals include USB modem, PC card modem, residential gateway and mobile
broadband router

iBurst has been in deployment since 2004. Deployed in over 10 countries in Asia, Africa, Europe,
North America.
Deployment in Malaysia:
•

Launched by iZZinet (a part of MoBif Berhad) in 2007 in Kuala Lumpur

•

Vision is to be the first local player to provide mobile wireless broadband service using
the "Burst" technology to the South East Asia countries covering Malaysia, Vietnam,
Cambodia, Philippines, Indonesia and Thailand.

•

Operates at 1,790 MHz to 1,795MHz band with a 5MHz bandwidth

•

Range is approximately 13km in an ideal area

•

User terminals: PCMCIA card, USB modem, Desk top terminal
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•

Typical downlink speed of up to 1,061Kbps

•

Typical uplink speed of up to 384 Kbps

•

Currently over 80 sites in the Klang valley

•

15000 subscribers as of August 2008

12.2 Flash‐OFDM
Flash‐OFDM (Fast Low‐latency Access with Seamless Handoff Orthogonal Frequency Division
Multiplexing) is a system developed by Flarion Technologies which was acquired by Qualcomm in
January 2006.
Key characteristics of Flash‐OFDM
•

Based on OFDM and also specifies the higher protocol layers

•

All IP architecture thus seamlessly deployable within a pure IP‐based network.

•

Uses fast hopping across all tones in a pseudorandom predetermined pattern

•

Different base stations use different hopping patterns. Interference between cells is
averaged across all subcarriers.

•

1.25 MHz channel bandwidth

•

Reported deployments operate at 450 MHz and 872 MHz

•

Average down link speed of 1Mbps, average uplink speed of 256 kbps and low delay of
down to 20ms quoted

•

Full vehicular mobility

•

Wide coverage at 450MHz well suited for rural areas

•

User terminal include desktop modems and PC card modem

In October 2005 T‐Mobile launched a mobile broadband internet access network in Slovakia
which uses Flarion’s Flash‐OFDM in the 450MHz band. The service will provide mobile data
speeds of 1Mbps average for the downlink and 256 Kbps average for the uplink. The system
consists of base stations, desk top modems and PC cards modems.
Digiweb Ltd. launched a network at 872 MHz in July 2007. The deployment is in a small area
north of Dublin only.
Butler Networks operated a FLASH‐OFDM network in Denmark at 872 MHz.
Siemens Networks Malaysia, in collaboration with TM, showcased FLASH OFDM 450MHz, a
superior mobile broadband wireless technology that can help rural folk connect to the Internet at
TM’s booth at a showcase in Pekan, Pahang on 3 March 2007.
Deployment in Malaysia:
•

Power Net International Sdn Bhd

•
Mission ‐ To provide fully "IP Based" technology to worldwide users and communicate
the World for "FREE".
•

User Terminal is the PowerNet wireless network cards (Flarion PC1000)

•

Typical downlink user experience of 512 kbps
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•

Typical uplink user experience of 128 kbps

•

Four base station sites:

o

Four sites: Indera Subang, Desa Petaling, Mutiara Bangsar, Mutiara Oriental

o
(By 31 December 2006, PowerNet Mobile Broadband services will have full coverage in
Klang Valley, Johor, Penang, and Ipoh)
12.3 SOMA NETWORKS
JARING deploys and operates a cellular type, broadband wireless access system, designed to
provide an integrated high speed data and high quality voice connection. The system is based on
wideband CDMA (WCDMA) and its air interface specification is similar to 3GPP/UMTS. It utilizes
multiple 5MHz frequency division duplex (FDD) channels for normal operation. The system
operates in the frequency range of 2500 – 2700 MHz.
The deployed system is an all‐IP, fully converged, end‐to‐end network that can provide both
broadband data services and voice and fax services by allowing subscribers to connect regular
telephones and fax machines to their subscriber device.
The CPE’s RF system uses an internal electronically self‐steering antenna to provide excellent
radio reception. The wideband CDMA modem provides a 5MHz FDD spectral mask, power
control, dedicated channels for voice and data including adaptive modulation and coding.
The IP adaptation layer provides Radio Resource Management (RRM) with Quality of Service
(QoS) mechanisms to manage latency and bandwidth requirements to provide different levels of
service. The CPE runs on the Linux operating system and runs a set of applications and agents to
provide data, telephony and remote management services. A processor and DSPs support a range
of network telephony services and applications. On the user I/O, the CPE has four ports for the
Ethernet, USB and two independent analogue phone lines
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