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Why Spectrum EfficiencyWhy Spectrum EfficiencyWhy Spectrum EfficiencyWhy Spectrum Efficiency
On the planet On the planet ––We have not found We have not found O t e p a etO t e p a et e a e ot ou de a e ot ou d
another kind of transmission medium another kind of transmission medium 
beside EM wavebeside EM wave
Th   i  f i  i l  Th   i  f i  i l  The vast extension of using wireless The vast extension of using wireless 
communications in multicommunications in multi--media media 
applications needs a wide range of EM applications needs a wide range of EM applications needs a wide range of EM applications needs a wide range of EM 
wave below 40 GHzwave below 40 GHz
The spectrum becomes a very precious The spectrum becomes a very precious 
commoditycommodity
The demand and challenge in managing The demand and challenge in managing 
spectrum efficiency becomes critical spectrum efficiency becomes critical 
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spectrum efficiency becomes critical spectrum efficiency becomes critical 



How Spectrum EfficiencyHow Spectrum EfficiencyHow Spectrum EfficiencyHow Spectrum Efficiency

The evaluation of spectrum The evaluation of spectrum The evaluation of spectrum The evaluation of spectrum 
efficiency should be based on efficiency should be based on 
different environments (fixed or different environments (fixed or ((
moving)  and different applications moving)  and different applications 
(voice, data or video).(voice, data or video).
The cellular system is the first The cellular system is the first 
system considering spectrum system considering spectrum 
ffi i  f  i  h l  i  th  ffi i  f  i  h l  i  th  efficiency for voice channels in the efficiency for voice channels in the 

historyhistory
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Reviewing The History of     Reviewing The History of     
Cellular SystemsCellular SystemsCellular SystemsCellular Systems

Aim at the voice communicationsAim at the voice communicationsAim at the voice communicationsAim at the voice communications
1G1G--3G (19843G (1984--1998) for high capacity 1998) for high capacity 
and spectrum efficiency and spectrum efficiency 
1G1G--3G (19843G (1984--1998) for high capacity 1998) for high capacity 
and spectrum efficiency and spectrum efficiency 
Apply frequency channel reuse Apply frequency channel reuse 
techniques to increase the voice techniques to increase the voice 

iti  iti  

Apply frequency channel reuse Apply frequency channel reuse 
techniques to increase the voice techniques to increase the voice 

iti  iti  capacities capacities 
In 1G:  An analog system was used with In 1G:  An analog system was used with 
FM (FDMA) and bandwidth of 30 kHz  It FM (FDMA) and bandwidth of 30 kHz  It 
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interference, time delay spread and interference, time delay spread and 
Doppler frequency shiftDoppler frequency shift
interference, time delay spread and interference, time delay spread and 
Doppler frequency shiftDoppler frequency shift



Reviewing The HistoryReviewing The History
Of Cellular SystemsOf Cellular SystemsOf  Cellular Systems  Of  Cellular Systems  

In 2G: A digital system with TDMA  such In 2G: A digital system with TDMA  such In 2G: A digital system with TDMA, such In 2G: A digital system with TDMA, such 
as GSM and NAas GSM and NA--TDMA. GSM uses a TDMA. GSM uses a 
bandwidth of 200 KHz with 8 time slotsbandwidth of 200 KHz with 8 time slots
In 2.5 G Using CDMA (spread spectrum) In 2.5 G Using CDMA (spread spectrum) 
with a bandwidth of 1.25 MHz and 64 with a bandwidth of 1.25 MHz and 64 
codes   Apply rakecodes   Apply rake--receivers to acquire receivers to acquire codes.  Apply rakecodes.  Apply rake--receivers to acquire receivers to acquire 
the desired channels, power control to the desired channels, power control to 
encounter the nearencounter the near--far situation. The far situation. The 
frequency reuse pattern is K=1frequency reuse pattern is K=1
In 3G: Using CDMA with 5 MHz In 3G: Using CDMA with 5 MHz 
bandwidth  The frequency reuse pattern bandwidth  The frequency reuse pattern 
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bandwidth. The frequency reuse pattern bandwidth. The frequency reuse pattern 
K=1.K=1.



Spectrum Efficiency in Voice Spectrum Efficiency in Voice 
SystemsSystems

Based on the number of multiple Based on the number of multiple Based on the number of multiple Based on the number of multiple 
access channelsaccess channels
Calculated  by the voice channels/1 Calculated  by the voice channels/1 Calculated  by the voice channels/1 Calculated  by the voice channels/1 
MHz/Sq MiMHz/Sq Mi
Only needs 8 kbpsOnly needs 8 kbps--13 kbps per 13 kbps per Only needs 8 kbpsOnly needs 8 kbps 13 kbps per 13 kbps per 
voice channelvoice channel
Among all the multiple access Among all the multiple access Among all the multiple access Among all the multiple access 
schemes, CDMA is the candidate for schemes, CDMA is the candidate for 
voice systemsvoice systems

66

yy


