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» 1901, long-distance wireless transmission
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2G Cellular Telephony

» Global System for Mobile Communications (GSM)
» EIA/TIA 1S-136 Digital Cellular System

» EIA/TIA 1S-95 Digital Cellular System

» Japanese Digital Cellular (JDC) in Japan
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Global System for Mobile
Communications (GSM) (1/2)

» “Digital” cellular system

 Groupe Special Mobile of Conference Europeenne des
Posts et Telecommunications (CEPT) and European des
Postes et Telecommunications (ETSI)

» TDMA/FD
» 935-960 M
» 890-915 M

D
Hz for Downlink

Hz for Uplink

» 200 kHz for RF channel spacing
» Speech coding rate 13 Kbps
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Global System for Mobile
Communication (GSM) (2/2)

» Frequency carrier is divided into 8 time slots

 Every pair of radio transceiver-receiver supports 8
voice channels.

» GSM Mobile Application Part (MAP) for roaming
management

» Digital switch can provide many applications:

« Example: point-to-point short messaging, group
addressing, call waiting, multiparty services
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EIA/TIA 1S-136 Digital Cellular

System (1/2)

» Digital AMPS (DAMPS), American Digital
Cellular (ADC), or North American TDMA (NA-

T
T

TDMA), 1S-136
ne successor to 1S-54

ne same spectrum used by AMPS

3 times of capacity of AMPS
» TDMA/FDD
» 30 KHz frequency spacing
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EIA/TIA 1S-136 Digital Cellular
System (2/2)

» 2 types of channel usage:
e Full-rate: use 2 timeslot for a voice channel
e Half-rate: use 1 timeslot for a voice channel

» Digital switch can provide many applications:

« Example: point-to-point short messaging, broadcast
messaging, group addressing, private user groups

» |1S-41 standard for mobility management
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EIA/TIA 1S-95 Digital Cellular System
(1/2)

» Qualcomm cdmaOne in USA since 1996
» Korea in April, 1996.
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EIA/TIA 1S-95 Digital Cellular
System (2/2)

» CDMA/DSSS for the air interface.
» A shared 1.25 MHz channel bandwidth
 User signals distinguished with different codes
* MSs links to many BSs during phone calls.
* No cell plan question
« GPS for synchronization of BSs

» Interference-based capacity (soft capacity)

» The capacity of 1S-95 is 3-6 times of 1S-136 system,
and 10 times of AMPS.

» |1S-41 for core network
» Advanced Radio Resource Management 40



Comparison of Cellular Systems

System AMPS GSM 1S-136 1S-95 JDC
DCS1800

Region Ed W, e Ed Z 85,7 K 2

Duplex FDD FDD FDD FDD FDD

MAC FDMA FDMA FDMA FDMA FDMA
TDMA TDMA CDMA TDMA

Downlink 870-890 935-960 869-894 869-894 810-826

(MH2z) 1805-1880

Uplink (MHz)| 825-845 890-915 824-849 824-849 940-956
1710-1785

Carrier 30kHz 200kHz 30kHz 1.25MHz 25kHz

Channels 1 8 6 32 3

Speech rate | 10 kps 13 kps 7.95kps 8 kps 11.2 kps

Channel bit 270.833 kps | 48.6 kps 1228.8 kps 42 kps

rate
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Cellular Characteristics

» The characteristics of the cellular system:

 Support high mobility

Large coverage area

High transmission power of BS and handset
High signal process power (for handset)
Low voice quality

High network complexity

» Microcell is developed for:
 Low transmission power

 Low base station cost
* Increase capacity
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Low-Tier PCS
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Examples of Low-Tier PCS

» Cordless Telephone, Second Generation (CT2)

>
>
>

Digital European Cordless Telephone (DECT)
Personal Handy Phone System (PHS)

Personal Access Communications System (PACS)
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Cordless Telephone, Second
Generation (CT2) (1/2)

» Developed in Europe since
1989.

» 40 FDMA channels
» 32-Kbps speech coding rate
» TDD

» The maximum transmit
power of a CT2 handset is
10 mW

e



Cordless Telephone, Second
Generation (CT2) (2/2)

» No handoff iIn CT2
» No call delivery in CT2
» In CT2+, both handoff and call delivery are OK.
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Digital European Cordless Telephone
(DECT) (1/2)

» Published in 1992
» TDMA/TDD
» 12 voice channels per frequency carrier

» Sleep mode is employed in DECT to conserve the
power of handsets.

» 32 Kbps speech coding rate
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Digital European Cordless
Telephone (DECT) (2/2)

» DECT is typically implemented as a wireless-PBX
connected to the PSTN.

» Dynamic channel allocation
» Time slot transfer

» Seamless handoff

» Dual mode: DECT + GSM
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Comparison of PCS Systems

System CT-2 DECT PHS PACS
Region ", o A 2N P& Ed
Duplex TDD TDD TDD FDD
MAC FDMA FDMA FDMA FDMA

TDMA TDMA TDMA
Frequency 864-868 1880-1900 1895-1918 | 1930-1990(down)
(MHz) 1850-1910(uplink)
Carrier 100kHz 1728kHz 300kHz 300MHz
Channels 1 24 8 8
Speech rate | 32kps 32kps 32kps 32kps
Channel bit | 72kps 1152kps 384kps 384kps

rate
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L_ow-tier PCS Characteristics

» The characteristics of the low-tier system:
 Low transmission power
 Long talk time
« Small coverage area
 Large no. of base station
« Low transmission delay
 High voice quality
« Low mobility
« Low network complexity
* Low cost
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Characteristics of Cellular and Cordless Low-
Tier PCS Technologies

Systems HIGH-TIER LOW-TIER PCS CORDLESS
CELLULAR

Cell Size Large(0.5-35 Km) Medium(50-500 m) Small(50-100m)

User Speed High(<=257Km/hr) Medium(<=96Km/hr) Low(<=48Km/hr)

Coverage Area Large/Continuous Medium micro Small/Zonal
macro cells and picocells picocells

Handset High Low Low

Complexity

Handset power
consumption

High (100-800mW)

Low (5-10mW)

Low (5-10mW)

Speech Coding
Rate

Low (8-13Kbps)

High (32Kbps)

High (32Kbps)

Delay or Latency

High (<= 600ms)

Low (<= 10ms)

Low (<=20ms)

o1




Third-Generation Wireless System
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Generations of Wireless Systems

» First Generation System: AMPS
 Analog voice calls
» Second Generation Systems: GSM, 1S-136, 1S-95,
and low-tier systems
» Digital speech with low-bit-rate data services
» Third-Generation:
 Better system capacity
« High-speed and wireless Internet access (to 2Mbps)
« Wireless multimedia services (audio and video)
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Third-Generation Wireless Systems

» 2.5G: GPRS and EDGE
 Bridge 2G into 3G

» The new features for 3G includes
 High bit rates, QoS, Bit rates dependent on distance

« 3G Data Rate Requirement
v Vehicular -- 144 Kbps
v’ Pedestrian --- 384 Kbps
v"Indoor --- 2Mbps

 Asynchronous Transfer Mode (ATM) backbone

« Wideband CDMA (DS-CDMA FDD), SCDMA and
cdma2000 (multi-carrier FDD) for air interface
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i 7 3% (Satellite System )
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(data communication) £ § i id 2 & ¥ jbribre
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. & AT B e (Wireless Local Area Network -

WLAN )
o AP A T EE (Wireless Personal Area Network -
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o & AF B e (Wireless Wide Area Network >
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HiperLAN

Bluetooth WPAN  HiperPs
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WLAN Technologies

» WLAN advantages:

» High speed service, symmetric traffic
* No expensive license fees
* International roaming possible

> 38 802.11a  802.11b  802.11g
48 B (GHz) 5 2.4 2.4

@ g $E4 (M) 30~50 100~300 100~300
T 3a:g & (Mbps) 244 5.9 11.8

B % i 5 (Mbps) 54 11 54

R D E: A E: )



WLAN lIssues

> Wireless Local Area Network
» WLAN uses ISA bands.

» WLAN applications
 Voice over WLAN?

» How to manage WLAN?

« Q0S? Mobility management? Radio resource
management? Security?

» WLAN and 3G
 Partner or Competitor
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Enhancement on WLAN

» Task Group to enhance WLAN:

802.11e: MAC Enhancements for Quality of Service
802.11f: INTER Access Point Protocol

802.11i: MAC Enhancements for Enhanced Security
802.11k: Radio Resource Management Enhancements
802.11n: Enhancements for Higher Throughput
802.11r: Fast Roaming
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IB3G: WLAN+2.5G

» GSM/GPRS: everywhere / low speed
» WLAN: mainly indoors / high speed

GPRS A

PDN
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» WIMAX: Worldwide Interoperability for Micro
wave AcCCess
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Broadband Access

» DSL
> Cable# % (@ﬁi;?]_%i )

« 35 75% (20Mbps), *r £ ~ 36% (3Mbps), £ 18%
(3Mbps), P 14% (26Mbps)
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Broadband Wireless Access (BWA)

» Provide wireless access to data network with high
data rate

» Wired technolofies: ADSL, cable modem
> New: 3G? WIMAX? Wi-Fi?
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802.16

> To remove ADSL

» To provide WMAN
« |EEE 802.16a: point to point, light-of-sight

« IEEE 802.16d: point to multipoint, non light-of-sight,
mesh topology

» IEEE 802.16e: roaming

» An important aspect of the 802.16 is that it defines
a MAC layer that supports multiple physical layer
(PHY) specifications.
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WiMax Forum

> Intel VVision for Broadband Wireless Access
 Selected system profile

» Conformance & Interoperability for IEEE 802.16
and ETSI HiperMAN standards

» Opposed to hot-spot hopping required by WiFi
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