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® high data rates at a minimum of 144 kbit/s for all radio environments, up to 384 kbps for

mobile users, and 2 Mbit/s in low-mobility and indoor environments;

® symmetrical and asymmetrical data transmission;

® circuit-switched and packet-switched services, such as Internet Protocol (IP) traffic and real-
time video;

® improved voice quality (comparable to wireline service);

® greater capacity and improved spectrum efficiency;

® several simultaneous services to end-users and terminals, for multimedia services;

® seamless incorporation of 2G cellular systems; and

® global roaming between different 3G operational environments; and economies of scale and

an open international standard that promises to meet the needs of the mass market.
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ITU-R Recommendations

Index | Number | Title

1 M.687 International Mobile Telecommunications-2000 (IMT-2000)

2 M.816 Framework for services supported on International Mobile Telecommunications 2000 (IMT-2000)

3 M.817 International Mobile Telecommunications-2000 (IMT-2000). Network architectures

4 M.818 Satellite operation within International Mobile Telecommunications-2000 (IMT-2000)

5 M.819 International Mobile Telecommunications-2000 (IMT-2000) for developing countries

6 M.1034 | Requirements for the radio interface(s) for International Mobile Telecommunications 2000 (IMT-
2000)

7 M.1035 | Framework for the radio interface(s) and radio sub-system functionality for International Mobile

Telecommunications-2000 (IMT-2000)

8 M.1036 | Spectrum considerations for implementation of International Mobile Telecommunications-2000

(IMT-2000) in the bands 1 885-2 025 MHz and 2 110 2 200 MHz

9 M.1167 | Framework for the satellite component of International Mobile Telecommunications-2000 (IMT-
2000)

10 M.1224 | Vocabulary of terms for International Mobile Telecommunications 2000 (IMT-2000)

11 M.1225 | Guidelines for evaluation of radio transmission technologies for IMT-2000

12 M.1308 | Evolution of land mobile systems towards IMT-2000

13 M.1311 Framework for modularity and radio commonality within IMT-2000

14 M.1343 | Essential technical requirements of mobile earth stations for global non-stationary mobile-satellite

service systems in the bands 1-3 GHz

15 M.1455 | Key characteristics for the International Mobile Telecommunications-2000 (IMT-2000) radio

interfaces

16 M.1457 | Detailed specifications of the radio interfaces of International Mobile Telecommunications-2000
(IMT-2000)

17 M.1480 | Essential technical requirements of mobile earth stations of geostationary mobile-satellite service

systems that are implementing the global mobile personal communications by satellite (GMPCS) —

Memorandum of understanding arrangements in parts of the frequency band 1-3 GHz

18 SM.328 | Spectra and bandwidth of emissions

19 SM.329 | Unwanted emissions in the spurious domain
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ITU-T Recommendations

Index | Number | Title

1 Q.1701 Framework of IMT-2000 networks

2 Q.1711 Network functional model for IMT-2000

3 Q.1721 Information flows for IMT-2000 capability set 1

4 Q.1731 Radio-technology independent requirements for IMT-2000 layer 2 radio interface

ITU Publication

Handbook on land mobile (including wireless access), Volume 2: Principles and

approaches on evolution to IMT-2000/FPLMTS
Tuddl aznmaﬁamwwzmmgmmamﬂﬁﬂiudmmaamn%ama%wq (radio interface) §1MILN13
fadadossniafiulan (terrestrial  component) i Taglinanaflsmsdadedasmsniaaniiioy
(satelite  component) wdatnsla 1iasan ITU ldldmualiunasgununafiadaaniioutunie
gaandasnuluginganan @9 ITU vl@i”ﬁmu@@;mauﬁa%mﬁwm radio interface 284 IMT-2000 131u
LBN®1T Recommendation ITU-R M.1455 “Key characteristics for the International Mobile
Telecommunications-2000 (IMT-2000) radio interfaces” Gﬁdizqqmﬁuﬂa%mﬂﬂi:ﬂﬁﬁﬁﬁﬁmjﬁﬁgﬂumu

284 RF part LLaz baseband part

ITU ldfnuamasgiunanaiialudiuvesinglavazidoaliluianans  Recommendation  ITU-R
M.1457 “Detailed specifications of the radio interfaces of International Mobile Telecommunications-

2000 (IMT-2000)" T43:yaN@IgIwMsiBandaingnnaindudiunitazas IMT-2000 ag 5 wuy a9k

IMT 2000 Terrestrial
Radio Interfaces
_-A—__
—
Direct Spread Multi-Carrier TDD Single Carrier TDMA
WCDMA CDMA2000 UTRATDD uwc-136/ DECT
(UMTS) 1X and 3X and TD-SCDMA EDGE
Source : ITU
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3unanTanin Universal Mobile Telecommunications System (UMTS) snal,ﬂummgmmmmua:
\eualay 3GPP (Third Generation Partnership Project) lagwawiainwugiuaadszuulnsdnriiafani
Altinalulad GsSM iunan

The IMT-2000 radio-interface specifications for CDMA Direct Spread technology are developed by
a partnership of SDOs (see Note 1). This radio interface is called Universal Terrestrial Radio
Access (UTRA) FDD or Wideband CDMA (WCDMA).

NOTE 1 - Currently, these specifications are developed within the third generation partnership project (3GPP) where
the participating SDOs are the Association of Radio Industries and Businesses (ARIB), China Wireless Telecommu-
nication Standard Group (CWTS), the European Telecommunications Standards Institute (ETSI), T1 (Alliance for

Telecommunications Industry Solutions (ATIS) Standards Committee T1), Telecommunications Technology
/Association (TTA) and Telecommunication Technology Committee (TTC).

These radio-interface specifications have been developed with the strong objective of
harmonization with the TDD component (see 8§ 5.3) to achieve maximum commonality. This was
achieved by harmonization of important parameters of the physical layer. Furthermore, a common
set of protocols in the higher layers is specified for both FDD and TDD.

In the development of this radio interface the CN specifications are based on an evolved
GSM-MAP. However, the specifications include the necessary capabilities for operation with an
evolved ANSI-41-based CN.

The radio-access scheme 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), allowing for downlink packet-data transmission with peak data rates exceeding
8 Mbit/s and simultaneous high-speed packet data and other services such as speech on the single
carrier.

3GPP leaanunaigiunitnaiiaras WCDMA aanaus? 4 AT3 Gaik
® 3GPP Release 99 (December 1999)
® 3GPP Release 4 (March 2001)
® 3GPP Release 5 (March 2002)

® 3GPP Release 6 (December 2004)

Qaummmﬁuﬂ*ﬁmyau%mmﬁmaﬂﬁmﬂ www.3gpp.org %38 www.umts-forum.org
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CDMA2000

Wuanasgrundariuazisualag 3GPP2 (Third Generation Partnership Project 2) lagWaw1anwug

vasrzuulnsAnyitafaun Alginalulad COMA munnasgIn 15-95 Luwan

The IMT-2000 radio interface specifications for CDMA multi-carrier (MC) technology are
developed by a partnership of SDOs (see Note 1). This radio interface is called cdma2000, which
consists of the 1X and 3X components. The 1X component includes enhancements for high rate
packet data access.

NOTE 1 - Currently, these specifications are developed within the third generation partnership project 2 (3GPP2),
where the participating SDOs are ARIB, CWTS, TIA, TTAand TTC.

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.

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 Fig. 13, 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.
signalling services, voice services, data services (packet data and circuit data).

In this radio interface a generalized multimedia service model is supported. This allows any
combination of voice, packet data, and circuit data services to be operated. The radio interface also
includes a QoS control mechanism to balance the varying QoS requirements of multiple concurrent
services (e.g. to support ISDN or RSVP network layer QoS capabilities).

The physical layer supports RF channel bandwidths of N x 1.25 MHz, where N is the spreading rate
number. Currently N = 1 and 3 is specified, and N can be easily extended to N = 6, 9, 12. The data
rates, channel encoding, and modulation parameters supported on the traffic channels are specified
by radio configurations. For Spreading rates 1 and 3, there are seven radio configurations for the
reverse link and there are ten radio configurations for the forward link. Collectively, these radio
configurations form the radio interface, which consists of the 1X and 3X components. Spreading
rate 1 corresponds to 1X. Spreading rate 3 corresponds to 3X. Radio configurations 1 and 2 are
specified to be backward compatible with TIA/EIA-95-B systems. The radio interface also supports
a class of operational band plans as specified in the TIA/EIA/1S-2000 standard.

3GPP2 ldaaninasgiumanafiaues CDMA2000 aanuusa 7 A%a Gafl
® CDMA2000 1x Release 0 (August 1999)
® CDMA2000 1x Release A (March 2000)
® CDMA2000 1x Release B (May 2000)
® CDMA2000 1x EV-DV Release C (May 2002)
® CDMA2000 1x EV-DV Release D (May 2004)

nesgrnuazinalulagdmsuszuulnsdniiiadeniigni 3 #¥1 8 91N 28



® CDMA2000 1x EV-DO (October 2000) or TIA/EIA 1S-856
® CDMAZ2000 1x EVDO Release A (April 2004) or TIA/EIA 1S-856A

Qausl,aa'lminﬁum”'mﬂauﬁU@Lﬁmauvlﬁmﬂ www.3gpp2.0org %38 www.tia.org
TD-SCDMA
Wuunasgiuisariiuazisualas China Wireless Telecommunication Standard Group lagwW@u1aIn

Augnzasszuulnsawiiiafann Aldinalulad GsM uszmaluladnadrfisuuy TOMA Wuwan lag

S = A o o v o=
Dugunikiasunasgiui 36PP lmssusas laglve TD-SCDMA 3w LCR TDD

The IMT-2000 radio interface specifications for COMA TDD technology are developed by a
partnership of standards development organizations (SDOs) (see Note 1) and CWTS. This radio
interface is called the Universal Terrestrial Radio Access (UTRA) time division duplex (TDD),
where two options, called 1.28 Mcps TDD (TD-SCDMA - see Note 2) and 3.84 Mcps TDD can be
distinguished.

The UTRA TDD specifications have been developed with the strong objective of harmonization
with the FDD component (see § 5.1) to achieve maximum commonality. This was achieved by
harmonization of important parameters of the physical layer and a common set of protocols in the
higher layers are specified for both FDD and TDD, where 1.28 Mcps TDD has significant
commonality with 3.84 Mcps TDD. UTRA TDD with the two options accommodates the various
needs of the different Regions in a flexible way and is specified in a common set of specifications.

In the development of this radio interface the core network specifications are based on an evolved
GSM-MAP. However, the specifications include the necessary capabilities for operation with an
evolved ANSI-41-based core network.

The radio access scheme is direct-sequence code division multiple access. There are two chip rate
options: the 3.84 Mcps TDD option, with information spread over approximately 5 MHz bandwidth
and a chip rate of 3.84 Mchip/s and the 1.28 Mcps TDD option, with information spread over
approximately 1.6 MHz bandwidth and a chip rate of 1.28 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 QoS can be adjusted in terms such as delay,
BER and FER.

The radio-interface specification includes enhanced features for High-Speed Downlink Packet
Access (HSDPA), allowing for downlink packet-data transmission with peak data rates exceeding
8 Mbps and simultaneous high-speed packet data and other services such as speech on the single
carrier.

NOTE 1 - Currently, these specifications are developed within the third generation partnership project (3GPP) where
the participating SDOs are ARIB, CWTS, ETSI, T1, TTAand TTC.

NOTE 2 — The same name TD-SCDMA was previously used for one of the original proposals that was further refined
following the harmonisation process.
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UWC136/EDGE

Wuwnasgiundaruazianalay  Telecommunication Industry Association Va4&WIgoLu3n s7uNL
Universal Wireless Communications Consortium lagwawianszuulnsansiinfawnflginalulad
TDMA enuanasgin TIAEIA-136 tunan laglaiunaluladl GPRS uaz EDGE answltaiudas

The IMT-2000 radio interface specifications for TDMA single-carrier technology are developed by
TIA TR45.3 with input from the Universal Wireless Communications Consortium. This radio
interface is called Universal Wireless Communication-136 (UWC-136), which is specified by
American National Standard TIA/EIA-136. It has been developed with the objective of maximum
commonality between TIA/EIA-136 and GSM general packet radio service (GPRS).

This radio interface was designed to provide a TIA/EIA-136 (designated as 136)-based radio
transmission technology that meets ITU-R's requirements for IMT-2000. It maintains the TDMA
community's philosophy of evolution from 1st to 3rd generation systems while addressing the
specific desires and goals of the TDMA community for a 3rd generation system.

This radio interface is an attractive and powerful evolutionary step for 136. The technology
presented provides for future IMT-2000 services to existing operators, as well as providing new
operators competitive features, services and technology. Additionally, the technology provides
these same features and services in other bands around the world where regulatory approval has
been granted to offer such services.

UWC-136 used a three component strategy for evolving the 136 technology to 3rd generation. The
initial strategy consisted of enhancing the voice and data capabilities of the 30 kHz channels
(designated as 136+), adding a 200 kHz carrier (EDGE) component for high-speed data (384 kbit/s)
accommodating high mobility (designated as 136HS Outdoor), and adding a 1.6 MHz carrier
component for very high-speed data (2 Mbit/s) in low mobility applications (designated as 136HS
Indoor). This second phase update enhances the voice capabilities of the 30 kHz channel
(designated as 136+), and adds an additional alternative 200 kHz carrier (EDGE) component for
high speed data (384 kbit/s) (designated as 136EHS). The combined result constitutes this radio
interface specification.

The 136HS Outdoor and Indoor components were developed to satisfy the requirements for an
IMT-2000 radio transmission technology, with the additional requirement for the consideration of
commercially effective evolution and deployment in current 136 networks. Such considerations
include flexible spectrum allocation, spectrum efficiency, compatibility with 136 and 136+, and
support of macrocellular performance at higher mobile speeds. 136EHS provides compatibility with
GSM EGPRS, thus providing commercially effective evolution and global roaming.

The TDMA community continues to enhance UWC-136, regularly providing revisions to the
standards.

This technology builds on the mature and powerful TIA/EIA-136 standard, which has evolved over
many years. Thus, all TIA/EIA-136 services are included, and the capabilities of 384 kbit/s, and

2 Mbit/s high-speed data are added. Through TIA/EIA-136, this technology supports both full-rate
(3 users/30 kHz) and half-rate (6 users/30 kHz)voice services.
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DECT

Lﬂ%&ﬁ@igﬁ%ﬁ%@ﬁ’lLLazLauaI@m European Telecommunications Standards Institute (ETSI) Tagnamn

Nz UL NI ISsnonuuadneanlsinalulad DECT wiluwnan

The IMT-2000 radio interface specifications for FDMA/TDMA technology are defined by a set of
ETSI standards. This radio interface is called digital enhanced cordless telecommunications
(DECT).

The individual layers are defined in different parts of the common interface (Cl) standard. The
standard specifies a TDMA radio interface with TDD. The radio frequency bit rates for the
specified modulation schemes are 1.152 Mbit/s, 2.304 Mbit/s and 3.456 Mbit/s. The standard
supports symmetric and asymmetric connections, connection oriented and connectionless data
transport as well as variable bit rates up to 2.88 Mbit/s per carrier. The network layer contains the
protocols for call control, supplementary services, connection oriented message service, connection-
less message service and mobility management, including the security and confidentiality services.

In addition to the ClI standard, access profile standards define minimum requirements for accessing
specific networks and the interworking to these networks. For example, the generic access profile
(GAP) standard defines the requirements when using the speech service and the DECT packet radio
service (DPRS) standard defines the requirements for packet data transport.

A high-level description of features and how the relevant ETSI standards interrelate to the different
applications can be found in the ETSI Technical Report TR 101 178: “A high-level guide to the
DECT standardization”.

This radio interface is a general radio access technology for wireless telecommunications. It is a
high capacity digital technology, for wide cell radii ranging from a few metres to several kilo-
metres, depending on application and environment. It provides 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.
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15! Generation
1980s (analog)

8060

nsog ool

2nd Generation
1990s (digital)

0900

Vo o Bractns

34 Generation
current (digital)

CDMA
2000

309

WCDMA CDMA2000 TD-SCDMA
Inherited from GSM CDMA 1S-95 GSM
Close loop power
conllr}olil Supported Supported Supported
Handoff Soft/hard handoff |Soft/hard handoff] Soft/hard handoff
Demodulation
mode Coherent Coherent Coherent
Chip rate (Mcps) 3.84 N*1.2288 1.28
Spreading .
Bandwidth 5MHz N*1.25MHz 1.6MHz
Svnchronizati Asynchronous/
e mod::a g Synchronous Synchronous Synchronous
Core network GSM MAP ANSI-41 GSM MAP

Source: Huawei Technology
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5. Technology Migration

]
=

TagnannIsuad NMswamsaine lulag QWﬂi:quﬂsﬁwﬁLﬂﬁauﬁﬁ:uﬂ 2 w30 2G lihilu 3G % sna1I
LLa@ﬂﬁLﬁu"l,@Tﬁdgﬂﬁnmaﬁ

PDC
TDMA
CDMA2000
| cDMA2000 | cDMA2000
cdmaOne & 1X 1xEV-DO

Source: Qualcomm
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CN UTRAN
GSM to |CN of WCDMAR99 supports Iu | Adopt new access technologies.
WCDMAR99 interface to UTRAN Adopt ATM as interface of Core

network to AN.
Transcoders is placed in CN side

Supporting inter-system handover
(WCDMA/ GSM]

Enhanced security and charging

WCDMAR99
to WCDMAR4

Split MSC to MSC Server and MGW.
Bear and control separate

Traffic transport bearer can be IP ,
ATM or TDM

Adopt Signaling transport can be IP
or TDM

TrFO

WCDMAR4 to | Introduce IMS Core network and | introduce HSDPA

WCDMARS IMS elements.
Source: Huawei Technology
Designated 3GPP Uplink Downlink Rx Bandwidth |Duplex
Spectrum Band Class (Mobile to|(BTS to) Spacing
BTS) Mobile)

UMTS2100 |BC1 1920-1980 [2110-2170 |60 MHz 190 MHz
UMTS1900 [BC2 1850 — 1910 |1930-1990 |60 MHz 80 MHz
UMTS1800 |BC3 1710-1785 |1805-1880 |75 MHz 95 MHz
AWS BC4 1710 -1755 |2110-2155 W5 MHz 400 MHz
UMTS850 BC5 824 — 849 869 — 894 25 MHz 45 MHz
UMTS800 BC6 830 — 840 875 — 885 10 MHz 45 MHz
UMTS2600 |BC7 2500 — 2570 2620 —2690 |70 MHz 120 MHz
UMTS900 BC8 880 — 915 925 — 960 35 MHz 45 MHz
UMTS1700 |BC9 1750 - 1785 |1845-1880 |35 MHz 95 MHz

Source: Qualcomm
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CN AN
CDMA 95 to |Introduce Packet Domain
CDMA 2000
1X
CDMA 2000 Allocate a new special carrier to
1X to CDMA support the Data Service
EV-DO

Source: Huawei Technology

CDMA2000 are specified to operate in the following valid band classes under 3GPP2 spec
(3GPP2 C.S0057-0):

Band Class O — North American Cellular Band (“800”). Also in Korea, Australia, Hong

Kong, China, Taiwan, and others

Band Class 1 — North American PCS Band (“19007)
Band Class 2 — Total Access Communications System (TACS) Band (“900”)
Band Class 3 — JTACS Band (Japanese “800 reversed”)
Band Class 4 — Korean PCS Band (“1800”)
Band Class 5 — Nordic Mobile Telephone (NMT)-450 Band
Band Class 6 — IMT-2000 Band (1900 - 2100)
Band Class 7 — North American Cellular Band (“700%)
Band Class 8 — European PCN band (“18007)
Band Class 9 — European GSM band (“9007”)
Band Class 10 — Secondary 800MHz band (“800”)
Band Class 11 — European PAMR band (“4007)
Band Class 12 - PAMR band (“8007)
Source: Qualcomm
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6. Roaming/Interoperability and Quality of Service

Roaming between 2G and 3G systems
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® Roaming between CDMA2000 systems

® Roaming between WCDMA and GSM systems

® Roaming between GSM and CDMA2000 systems

Roaming between different 3G systems
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Quality of Service (QoS)

ﬁmwammmwmﬂﬁu’%mi (QoS)

“QoS refers to a set of parameters and procedures associated with a service and/or user, indicating
some of the capabilities and constraints related to the delivery of the service to the users. End-to-end
QoS aims to ensure the quality transfer of s ervice and subscriber data in the whole network (from the
source point to the destination point) QoS reflects the network capability, that is, to deliver different

QoS to different applications/services over the network.”

Qmmwmaamﬂﬁu’%msfu pafasonldlasmsiatsodsdeluil

Bandwidth/throughput: Average rate of specific traffic flows between two network nodes.
Delay: the mean time elapsed from the transfer of data packets at one network node to their arrival
at another.

Jitter: Variations of delay.

Packet loss rate: the percentage of lost packets during network transmission. It is used to
measure the network capability of data forwarding.

Availability: the ratio of time when network services are available.

g lsfianu Méhmmwsmmmﬁﬁﬁuguaﬁfu qmmwmﬂﬁu’%msﬁu@‘hﬁmsﬁmsmm%ﬂizﬂauﬁ'sﬂ
Availability: Do user get the service?

Speed: How good or bad are the response times of services?

Accuracy: Is the service working properly?
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