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Generation 1
st
  2

nd
  2.5

th
  3

rd
  4

th
  

analog digital digital digital digital 

CS CS CS & PS CS & PS PS (all-IP) 

TDMA  TDMA  OFDMA?  
Air interface 

FDMA  
DS-CDMA  DS-CDMA  

W -CDMA  
CDMA?  

RAN backbone CS CS CS CS & PS PS 

Core network CS CS CS & PS CS & PS PS (all-IP) 

Major services voice voice voice  voice  packet voice 

   text-only Internet text & images Internet rich Internet 

System example AMPS  GSM             GPRS WCDMA  

 TACS IS-95 (cdma) IS-136 (D-AMPS) EDGE  

high-speed 

wireless Internet 

 NMT  PDC i-mode  wireless LANs 

 NTT HSCSD     

Data rates 9.6 kb/s 9.6-64 kb/s 28.8-164 kb/s 144-2000 kb/s ~11-25 Mb/s 

Scope of std. Regional Continental Continental Global Global 

Roll-out dates 1980’s 1990’s 2000’s 2000
+
 2010’s 
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Feature Diffserv Intserv 

Qos   
per-class, relative,  

no per-flow protection   

per-flow, absolute 

Per-flow qos  prioritisation, provisioning  reservation, guaranteed 

Packet classification  unified (DSCP)  multifield 

Resource reservation  per-class  per-flow 

State maintenance  edge routers, per-class  all routers, per-flow  

Admission control  edge routers  all routers 

Service categories  aggregated, EF & AF  individual, GS & CL 

Signalling  no explicit required  any, RSVP recommended 

Scalability  good  bottleneck 

Scope of protocol  local packet handling, PHB   end-to-end service  

Per-packet handling  yes no 

Protocol type data plane control plane 

Adaptation of qos demand no, due to static SLA yes, flow-oriented qos 

Business model embedded 

  into network technology 
no 

yes 
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Foreign IP subnetwork

Registration and Tunneling signaling
1.  MH requests registration from a visited FA (REQ)2.  FA queries HA to authenticate & register MH
3.  HA signal OK to FA 4.  FA signals OK to MH
5.  Packets from CN tunneled to roaming MH

Home IP subnetwork
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Physical Layer Variants  

Feature InfraRed RF1 RF2 

Spectrum 850 - 950 nm  2.4 - 2.483 GHz  2.4 - 2.483 GHz  (ISM band) 

Carrier 

Modulation 

4-level Pulse Position Modulation  

16-level Pulse Position Modulation    

Differential BPSK 

Differential QPSK 

2-4 level Gaussian FSK 

Spreading 

Modulation 

 High rate DSSS  FHSS 

Spreading type  11-bit Barker sequence 

(process gain: 10.4 dB) 

22 hop patterns, 20-400 ms 

hopping rate, 79 carriers with 1 

MHz spacing 

Data rates 1 Mb/s (16-PPM), 2 Mb/s (4-PPM )  1, 2, 5.5, 11, 54 Mb/s 1, 2 Mb/s 

Max. EIRP 2 W 1 mW < Pt  < 100 mW   10 mW < Pt  < 100 mW   

ACI rejection  ~ 35 dB  (30 MHz RF 

carrier spacing)  

 

Antenna gain 6 dBi 

Max transmit 

power  

1 W (USA), 10 mW (Japan), 10 mW/1 MHz (Europe) 

Specification 

time 

1990 - 97 (The world’s first WLAN standard) 

Operational 

modes 

Ad hoc and client/server 

Coverage  ~ 10
2
 m 

Handoff Not defined, MAC-layer transparent roaming 

Layers specified Layer 1 (Physical) and Layer 2 (MAC  and LLC) 

Encryption Open system authentication and shared key authentication 
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1. Normal IP Packet forwarding  

 

2. Stronger  dot11 beacon detected 

 

3. authentication request 

 

4. authentication confirm 

 

5. Layer 2 encryption + association 

 

 

6. disassociation 
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8. Normal IP packet forwarding 
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(a) traffic for a GeS as sum of K iid on/off sources                                                            (b) state diagram for the case of three on/off sources 
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rho=9 dB
rho=12 dB
rho=15 dB

SNR = signal−to−noise ratio
rho   = mean SNR 
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