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Wireless Communications 

Chapter 2  

Modern Wireless Communication Systems 
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 The widespread adoption of wireless communications was 

accelerated in the mid 1990s, when governments throughout 

the world provided increased competition and new radio 

spectrum licenses for personal communications services 

(PCS) in the 1800-2000  MHz frequency bands. 

 Wireless local area networks (WLANs) – high data rate,  

     indoor, unlicensed. 

 Cellular telephone service  outdoor, licensed. 
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 It appears that the in-building wireless access market may 

become a huge battleground between licensed and unlicensed 

service. 

 This is prompting the architects of today’s popular cellular 

standards to design for high data rate packet-based 

networking capabilities in the next generation of cellular 

technology. 
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2.1  Second Generation (2G) Cellular Networks 

 First generation cellular systems –  

 FDMA/FDD 

 analog FM 

 Second generation standards –  

 digital modulation formats 

 TDMA/FDD 

 CDMA/FDD multiple access techniques. 
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 The most popular second generation standards include three 

TDMA standards and one CDMA standard: 

• Global System Mobile (GSM) – Europe, Asia, Australia, 

• Interim Standard 136 (IS-136) – North America,  

• Pacific Digital Cellular (PDC) – Japan, 

• Interim standard 95 Coded Division Multiple Access (IS-

95) also known as cdmaOne – North America 
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 All 2G technologies offer at least a three-time increase in 

spectrum efficiency. 

 In mid 2001, there are two universal and competing third 

generation (3G) cellular mobile radio technologies: 

• one based on the philosophy and backward 

compatibility of GSM 

• the other based on the philosophy and backward 

compatibility of CDMA 

 

 

 



[9] Communication Signal Processing Lab 

2.1.1  Evolution to 2.5G Mobile Radio Networks 

 The 2G digital standards were designed before the 

widespread use of the Internet. (Since the mid 1990s) 

 GSM, CDMA, and IS-136 standards only support 9.6 kbps 

transmission rates for data messages. 

 Short messaging service (SMS) is a popular feature of GSM, 

even with relatively small user data rates. 
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 2G standards use a circuit switched approach to transmit data. 

 2.5G standards have been developed to allow 2G 

technologies to be upgraded incrementally for faster Internet 

data rates. 
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2.1.2  Evolution for 2.5G TDMA standards 

 The three TDMA upgrade options include: 

 High Speed Circuit Switched Data (HSCSD) 

 General Packet Radio Service (GPRS) 

 Enhanced Data Rates for GSM Evolution (EDGE) 
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 HSCSD is a circuit switched technique that allows a single 

mobile subscriber to use consecutive user time slots in the 

GSM standard. 

 GPRS is a packet-based data network. 

 EDGE is sometimes referred to as Enhanced GPRS, or 

EGPRS. 
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 incremental redundancy – user will quickly reach a condition 

that uses the minimum amount of overhead. 

 Therefore, providing acceptable link quality for each user 

while maximizing user capacity on the network. 
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2.1.3  IS-95B for 2.5G CDMA 

 Unlike the several GSM and IS-136 evolutionary paths to 

high speed data access, CDMA (often called cdmaOne) has a 

single upgrade path for eventual 3G operation. 
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2.2  Third Generation (3G) Wireless Networks 

 In mid-1995, the 

International 

Telecommunications 

Union (ITU) 

formulated a plan to implement a global frequency band in 

the 2000 MHz range that would support a single, ubiquitous 

wireless communication standard for all countries 

throughout the world. 

 This plan called International Mobile Telephone 2000 (IMT-

2000). 

 

ITU headquarters, Geneva 
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 However, the hope for a single worldwide standard has not 

materialized. 

 The worldwide user community remains split between two 

camps : 

 Cdma2000 – from 2G CDMA systems 

 Wideband CDMA (W-CDMA), also called Universal 

Mobile Telecommunications Service (UMTS) – from 

GSM, IS-136, and PDC systems. 
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 The ITU IMT-2000 standards organizations are currently 

separated into two major organizations : 

 3GPP (3G Partnership Project for Wideband CDMA 

standards based on backward compatibility with GSM 

and IS-136/PDC) 

 3GPP2 (3G Partnership Project for cdma2000 standards 

based on backward compatibility with IS-95) 
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 ITU’s 2000 World Radio Conference established the 2500-

2690 MHz, 1710-1885 MHz, and 806-960 MHz bands as 

candidates for 3G. 

 In the US, additional Spectrum in the upper UHF television 

bands near 700 MHz is also being considered for 3G. 

 Five 3G licenses in England - $ 35.5Billion USD. 

 Four 3G licenses in Germany - $ 46 Billion USD. 
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2.2.1  3G W-CDMA (UMTS) 

 The UMTS is a visionary air interface standard that has 

evolved since late 1996 under the auspices of the European 

Telecommunications Standards Institute (ETSI). 

 UMTS was submitted to ITU’S IMT-2000 body in 1998. At 

that time, UMTS was known as UMTS Terrestrial Radio 

Access (UTRA). 
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2.2.2  3G cdma2000 

 The first 3G CDMA interface – cdma2000 1xRTT. 

 1x – one times the original cdmaOne channel bandwidth 

(1.25MHz) 

 RTT – Radio Transmission Technology. 

 cdma2000 1xEV, DO (data only), DV (data and voice). 
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2.2.3  3G TD-SCDMA 

 In China, GSM is the most popular wireless air interface 

standard. 

 The wireless subscriber growth in china is unmatched 

anywhere in the world in 2001. 

 The China Academy of Telecommunications Technology 

(CATT) and Siemens Corporation submitted and IMT-2000 

3G standard proposal in 1998 – Time Division – 

Synchronous Code Division Multiple Access (TD-SCDMA). 
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Fourth Generation (4G) Wireless Networks 

 2010年10月國際電信聯盟(ITU-R)決定採納 LTE-Advanced 

(LTE-A)與 WirelessMAN-Advanced (WiMAX2)，作為下
世代全球無線行動通寬頻通信 IMT-Advanced (4G)技術標
準。 

 2008年3月ITU開始於第 5研究組(國際移動通信工作組) 

WP5D啟動徵求 IMT-Advanced候選技術工作，且決定於
2009年10月為提交截止期限。 
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 總共有來自中國、日本、韓國、3GPP和 IEEE的六項候選
技術提案，主要為「3GPP LTE Release 10 and beyond」 

(即LTE-Advanced) 技術與 IEEE 802.16m技術兩大陣營。 

 2010年10月21日，國際電信聯盟完成了評估，最後融合
為 LTE-Advanced 和 WirelessMAX-Advanced (WiMAX2) 

兩種技術。 
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 LTE-Advanced系統共包含以下重點發展技術： 

1) 載波聚合 (Carrier Aggregation) 技術 

2) Advanced MIMO technologies 

3) Coordinated multiple-point (CoMP) transmission and 

reception 

4) 機器型態通訊 (Machine Type Communication, MTC) 

5) Relay中繼站技術 
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 MIMO-OFDM為 4G最主要的核心技術。 

 從1999年 IEEE 802.16 專案成立以來，IEEE 802.16m 已
於2011年1月在台北舉辦的第70會期 (Session #70) 標準會
議獲得 802.16 工作小組 (802.16 Working Group, 

802.16WG) 投票通過，成為第一個達到 ITU IMT-

Advanced 要求的通訊標準。 
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 802.16系列標準仍在持續演進，802.16 工作小組於2010年
成立了兩個新的任務小組 (task group)：IEEE 802.16p 與 

IEEE 802.16n。 

 IEEE 802.16p 主要目的為進一步加強 IEEE 802.16 系統對
機器間 (Machine to Machine, M2M) 通訊服務的支援。 

 IEEE 802.16n 主旨在於讓 802.16系統能在環境較差或高
穩定度要求的網路中 (如高空監視、救難現場、與智能電
網) 提供兼具強固性與穩定度的通訊服務。 
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 目前市場主流的 3G，係為 ITU所制定的全球標準 IMT-

2000。 

 IMT-2000共核准 6個技術標準 – CDMA2000, WCDMA, 

TD-SCDMA, EDGE, DECT 及 WiMAX)，其中以
WCDMA佔有率最大。 

 2006年，ITU將 Beyond 3G (B3G) 技術稱為 IMT-

Advanced (4G) 技術，規定靜止時要達到1Gbps，高速移
動時(120 km/h)要達到100Mbps。 

LTE 技術發展 
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 二大陣營 – Intel為首的 WiMAX (IIEEE 82.16系列) 陣營與
Ericsson為首的 3GPP LTE陣營。 

 為了提升 3G的技術性能，3GPP又陸續完成了高速下行鏈
路封包接取(High Speed Downlink Packet Access, HSDPA) 

及高速上行鏈路封包接取(High Speed Uplink Packet 

Access, HSUPA)。 

 2007年，3GPP完成 HSPA+ 技術 (Release 7)，達到
11.5Mbps 的傳輸速率，但與 4G的技術需求相比，差距仍
然很大，因此 3GPP逐提出 LTE的技術標準(3.9G)(下行 

100Mbps，上行 50Mbps)。 
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WiMAX 技術發展 

 主導電腦數據傳輸協定的 IEEE 802 工作群於1999年開始
推動新一代 IEEE 802.16無線寬頻技術。 

 IEEE 802.16系列規格是一種國際標準的無線通訊技術，
主要針對大樓林立的都會型網路 (MAN)制定 MAC層與 

PHY層的規範。 
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 2004年6月通過規格書 IEEE 802.16d，稱為 IEEE 802.16-

2004 (Air Interface for Fixed Broadband Wireless Access 

Systems) – Fixed WiMAX。 

 2004年12月通過 IEEE 802.16e，命名為 IEEE 802.16-2005，
主要針對移動用戶，故又稱 Mobile WiMAX。 

 IEEE 802.16e實體層採用 Scalable OFDMA(SOFDMA) 技
術，並輔以 MIMO 天線技術。 
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2.3  Wireless Local Loop (WLL) and LMDS 

 Fixed wireless equipment is extremely well suited for rapidly 

deploying a broadband connection in many instances. 

 Modern fixed wireless systems are usually assigned 

microwave or millimeter radio frequencies in the 28 GHz 

band and higher. 

 At these higher frequencies, the wavelengths are extremely 

small, which in turn allows very high gain directional 

antennas to be fabricated in small physical form factors. 
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 Supports the transmission of very wide bandwidth signals, 

because of rejecting multipath signals. 

 Fixed wireless networks at very high microwave frequencies 

are only viable where there are no obstructions. 

 Microwave wireless links can be used to create a wireless 

local loop (WLL). 
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 No additional costs after the wireless equipment is paid, 

 In 1998, 1300 MHz of unused spectrum in the 27-31 GHz 

band was auctioned by the US government to support Local 

Multipoint Distribution Service (LMDS). 
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 The tremendous amount of spectrum in the 59-64 GHz range 

is earmarked for unlicensed WLAN use. 

 One of the most promising applications for LMDS is in a 

local exchange carrier (LEC) network. 
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 Unfortunately, finding a line-of-sight path is not the only 

requirement for maintaining a suitable fixed wireless 

connection for millimeter wave fixed wireless links. Rain, 

snow, and hail can create large changes in the millimeter 

wave channel gain. 
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2.4  Wireless Local Area Networks (WLANs) 

 In 1997, the FCC allocated 300 MHz of unlicensed spectrum 

in the Industrial Scientific and Medical (ISM) bands of 

5.150-5.350 GHz and 5.725-5.825 GHz. 

 This allocation is called the Unlicensed National Information 

Infrastructure (UNII) band. 
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 In the late 1980s, the FCC first provided license free bands 

under Part 15 of the FCC regulations, for the spectrum in the 

902-928 MHz, 2400-2483.5 MHz, and 5.725-5.825 MHz 

ISM bands. 

 The IEEE 802.11 Wireless LAN working group was founded 

in 1987 to begin standardization of spread spectrum WLANs 

for use in the ISM bands. 
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 Until the late 1990s, WLANs became a important and rapidly 

growing marketplace. 

 IEEE 802.11a, 802.11b, 802.11g – Wi-Fi 
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 International channel allocations for DS and FH WLANs in 

the 2.4 GHz band. 
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2.5  Bluetooth and Personal Area Networks 

 There is huge consumer appreciation for “removing the wire”. 

 Bluetooth is an open standard that has been embraced by over 

1,000 manufacturers of electronic appliances. 

 It provides an ad-hoc approach for enabling various devices 

to communicate with one another within a nominal 10 meter 

range. 
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 Named after king Harald Bluetooth, the 10th century Viking 

who united Denmark and Norway. 

 The Bluetooth standard aims to unify the connectivity chores 

of appliances within the personal workspace of an individual. 

 Bluetooth operates in the 2.4 GHz ISM Band and uses a 

frequency hopping TDD scheme for each radio channel. 
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