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Γνκή ηεο Γηάιεμεο 

 Τερληθέο Πνιιαπιήο Πξφζβαζεο 
 FDMA 
 TDMA 
 CDMA 
 SDMA 

 Τερληθέο Τπραίαο Πξφζβαζεο 
 ALOHA 
 CSMA 
 MACA 
 DAMA 
 PRMA 
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Πξφζβαζε ζην Γίαπιν 

 Τν ξαδηνθάζκα είλαη πεξηνξηζκέλν (θπζηθφο 
πφξνο). 

 Απαηηνχληαη απνδνηηθέο ηερληθέο δηακνηξαζκνχ 
ησλ δηαζέζηκσλ δηαχισλ ζε δηαθνξεηηθνχο 
ρξήζηεο. 

 Δθαξκνγέο φπσο ε θσλή θαη ην Video απαηηνχλ 
ζπλερή κεηάδνζε θαη άξα απνθιεηζηηθνχο δηαχινπο 
γηα ηε δηάξθεηα κηαο θιήζεο. 

 Η κεηάδνζε κε ηε κνξθή παθέησλ είλαη ζπλήζσο 
ζε ξηπέο. 
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Πξφζβαζε ζην Γίαπιν 

 Οη ηερληθέο πνπ απνδίδνπλ απνθιεηζηηθνχο δηαχινπο 
θαινχληαη ηερληθέο πνιιαπιήο πξφζβαζεο. 

 Οη ηερληθέο πνπ απνδίδνπλ δηαχινπο ηπραία, δειαδή δελ 
εμαζθαιίδεηαη πξφζβαζε ζην δίαπιν, θαινχληαη ηερληθέο 
ηπραίαο πξφζβαζεο. 

 Κάζε ηχπνο έρεη επηκέξνπο παξαιιαγέο. 

 Η επηινγή ηεο ηερληθήο εμαξηάηαη απφ ηα ραξαθηεξηζηηθά 
ηεο ηειεπηθνηλσληαθήο θίλεζεο ηνπ ζπζηήκαηνο, αιιά θαη 
ηε ζπκβαηφηεηα κε άιια ζπζηήκαηα. 

6 Αζχξκαηα Γίθηπα Δπηθνηλσληψλ 



Τερληθέο Πνιιαπιήο Πξφζβαζεο 

 Γηαθνξεηηθνί ρξήζηεο κπνξνχλ λα κνηξάδνληαη ην 
ίδην κέζν κεηάδνζεο φηαλ ηα ζήκαηά ηνπο είλαη 
νξζνγψληα κεηαμχ ηνπο. 

 Οξζνγσληφηεηα ζεκαίλεη κεδεληθή (ηδαληθά) 
εηεξνζπζρέηηζε, ψζηε ηα ζήκαηα λα είλαη 
δηαρσξίζηκα ζην δέθηε. 

 Όιεο νη ηερληθέο πνιιαπιήο πξφζβαζεο 
επηηπγράλνπλ νξζνγσληφηεηα ζε δηαθνξεηηθά φκσο 
πεδία. 
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Τερληθέο Πνιιαπιήο Πξφζβαζεο 
Narrowband Systems 

 Transmission experiences nonselective fading. This 
means that when fades occur, all of the information (i.e. 
the whole channel) is affected. 

 Channel system : generally total spectrum is divided 
into a number of relatively narrow radio channels (e.g. 
FDMA). Occurrence of call blocking if channels are all 
being used. Unused bandwidth in each channel cannot 
be used by other users 
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Τερληθέο Πνιιαπιήο Πξφζβαζεο 
Wideband Systems 

 The main feature of wideband systems is that either all 
the spectrum available (e.g. CDMA, TDMA) or a 
considerable portion of it is used by each user (e.g. 
TDMA+FDMA). 

 The advantage of wideband systems is that the 
transmission bandwidth always exceeds the coherence 
bandwidth for which the signal experiences only 
selective fading. That is, only a small fraction of the 
frequencies composing the signal is affected by fading. 

 Signal can be distorted and therefore equalization is 
needed but unlikely that a total signal fade will occur. 
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Duplexing 

 For voice or data communications, must assure 
two way communication (duplexing, it is 
possible to talk and listen simultaneously). 
Duplexing may be done using frequency or time 
domain techniques. 

 Forward (downlink) band provides traffic from the 
BS to the mobile 

 Reverse (uplink) band provides traffic from the 
mobile to the BS. 
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Frequency division duplexing 
(FDD) 

 Provides two distinct bands of frequencies for 
every user, one for downlink and one for uplink. 

 A large interval between these frequency bands 
must be allowed so that interference is 
minimized. 

Reverse  

Channel 

Forward  

Channel 
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R 

fc,

,F 

Frequency separation 

Frequency separation should be carefully decided 

Frequency separation is constant 
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Time division duplexing (TDD) 

 In TDD communications, both directions of 
transmission use one contiguous frequency allocation, 
but two separate time slots to provide both a forward 
and reverse link. 

 Because transmission from mobile to BS and from 
BS to mobile alternates in time, this scheme is also 
known as “ping pong”. 

 As a consequence of the use of the same frequency 
band, the communication quality in both directions is 
the same. This is different from FDD. 
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Time division duplexing (TDD) 
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Τχπνη Γηαχισλ Δπηθνηλσλίαο 
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Τερληθέο Πνιιαπιήο Πξφζβαζεο 

 Απφδνζε απνθιεηζηηθψλ δηαχισλ ζε δηαθνξεηηθνχο 
ρξήζηεο. 

 Γηαίξεζε (νξζνγσληφηεηα-δηαρσξηζκφο) Σπρλφηεηαο, 
Frequency Division Multiple Access (FDMA) 

 Γηαίξεζε (νξζνγσληφηεηα-δηαρσξηζκφο ) Φξφλνπ, Time 
Division Multiple Access (TDMA) 

 Γηαίξεζε (νξζνγσληφηεηα-δηαρσξηζκφο ) Κψδηθα, Code 
Division Multiple Access (CDMA) 

 Γηαίξεζε (νξζνγσληφηεηα-δηαρσξηζκφο ) Φψξνπ, Space 
Division Multiple Access (SDMA) 

 Υβξηδηθνί Σπλδπαζκνί (π.ρ. FDMA/TDMA ζην GSM) 
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Τερληθέο Πνιιαπιήο Πξφζβαζεο 
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Frequency Division Multiple 
Access (FDMA) 

 In FDMA, each user is allocated a unique frequency band or 

channel. During the period of the call, no other user can 

share the same frequency band. 

Frequency 

Code 

Time 
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Frequency Division Multiple 
Access (FDMA) 

 All channels in a cell are available to all the mobiles. 
Channel assignment is carried out on a first-come first- 
served basis. 

 The number of channels, given a frequency spectrum BT , 
depends on the modulation technique (hence Bw or Bc ) and 
the guard bands between the channels 2Bguard . These guard 
bands allow for imperfect filters and oscillators and can be 
used to minimize adjacent channel interference. 

 FDMA is usually implemented in narrowband systems. 
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Frequency Division Multiple 
Access (FDMA) 

 Continuous transmission : the channels, once assigned, are 
used on a non-time-sharing basis. This means that both 
subscriber and BS can use their corresponding allotted 
channels continuously and simultaneously. 

 Narrow bandwidth : Analog cellular systems use 25-30 kHz. 
Digital FDMA systems can make use of low bit rate speech 
coding techniques to reduce the channel band even more. 

 If FDMA channels are not in use, then they sit idle and 
cannot be used by other users to increase capacity. 

 Low ISI : Symbol time is large compared to delay spread. 
No equalizer is required (Delay spread is generally less than 
a few κs – flat fading). 
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Frequency Division Multiple 
Access (FDMA) 

 In a FDMA system, many channels share the same 

antenna at the BS. The power amplifiers or the power 

combiners, when operated at or near saturation are 

nonlinear. 

 The nonlinear ties generate inter-modulation 

frequencies. 

 Undesirable harmonics generated outside the mobile radio 

band cause interference to adjacent services. 

 Undesirable harmonics present inside the band cause 

interference to other users in the mobile system. 
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Frequency Division Multiple 
Access (FDMA) 

 H FDMA ηερληθή είλαη ζρεηηθά απιή. 

 Η νξζνγσληφηεηα εμαζθαιίδεηαη κε δηαζηήκαηα θχιαμεο 
ζηε ζπρλφηεηα. Απαηηνχληαη θαιά BPFs. 

 Αλ έλαο δίαπινο δελ ρξεζηκνπνηείηαη (π.ρ. θαηά ηε δηάξθεηα 
ζησπψλ ζε κηα ηειεθσληθή ζπλδηάιεμε), ηφηε έρνπκε 
ζπαηάιε θάζκαηνο, αθνχ δελ κπνξεί λα ρξεζηκνπνηεζεί 
απφ άιιν ρξήζηε θαη λα απμεζεί ε απφδνζε. 

 Σπλδπάδεηαη ζπλήζσο κε ηερληθή duplexing TDD, ψζηε: 
 Να απνθεχγεηαη ηαπηφρξνλε εθπνκπή θαη ιήςε 

 Να ππάξρεη νκνηφηεηα ησλ ραξαθηεξηζηηθψλ ηνπ δηαχινπ ζηελ 
επζεία θαη ηελ αληίζηξνθε δεχμε 

 Να είλαη απιή ε εθαξκνγή ηερληθψλ δηαθνξηζηκφηεηαο (diversity) 
ζην Σηαζκφ Βάζεο. 
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Frequency Division Multiple 
Access (FDMA) 
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Time Division Multiple Access 
(TDMA) 

 TDMA systems divide the channel time into frames. Each frame 
is further partitioned into time slots. In each slot only one user is 
allowed to either transmit or receive. 

 Unlike FDMA, only digital data and digital modulation must be 
used. 

 Each user occupies a cyclically repeating time slot, so a channel 
may be thought of as a particular time slot of every frame, where 
N time slots comprise a frame. 
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Code 

Time 
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Time Division Multiple Access 
(TDMA) 

 Multiple channels per carrier or RF channels. 

 Burst transmission since channels are used on a timesharing 
basis. Transmitter can be turned off during idle periods. 

 Narrow or wide bandwidth – depends on factors such as 
modulation scheme, number of voice channels per carrier 
channel. 

 High ISI – Higher transmission symbol rate, hence resulting 
in high ISI. Adaptive equalizer required. 

 High framing overhead – A reasonable amount of the total 
transmitted bits must be dedicated to synchronization 
purposes, channel identification. Also guard slots are 
necessary to separate users. 
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TDMA Frame 
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Time Division Multiple Access 
(TDMA) 

 Σηελ TDMA απαηηείηαη ζπγρξνληζκφο φισλ ησλ ρξεζηψλ. 

 Ο ξπζκφο κεηάδνζεο είλαη πνιιαπιάζηνο (σο πξνο ηελ 
FDMA) θαηά έλα παξάγνληα ίζν κε ηνλ αξηζκφ ησλ 
ρξεζηψλ πνπ κνηξάδνληαη ην ζπρλνηηθφ δίαπιν (π.ρ. 8 ζην 
GSM). 

 Άξα ε δηάξθεηα ζπκβφινπ είλαη κηθξφηεξε θαηά ηνλ ίδην 
παξάγνληα, θαη άξα είλαη ηερληθή επάισηε ζηε 
δηαζπκβνιηθή παξεκβνιή (Inter-Symbol Interference, ISI). 

 Απαηηνχληαη ρξνληθά δηαζηήκαηα θχιαμεο. 
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Time Division Multiple Access 
(TDMA) 

 A guard time between the two time slots must be allowed in 

order to avoid interference, especially in the uplink 

direction. All mobiles should synchronize with the BS to 

minimize interference. 
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Time Division Multiple Access 
(TDMA) 

 Πιενλεθηήκαηα 
 Γελ ππάξρνπλ πξνβιήκαηα ελδνδηακφξθσζεο 

 Μπνξεί λα ρξεζηκνπνηεζεί ζε ππεξεζίεο θσλήο θαη 
δεδνκέλσλ 

 Υπνζηεξίδεη κεηαβαιιφκελν ξπζκφ κεηάδνζεο 

 Δίλαη θαζκαηηθά πην απνδνηηθή κέζνδνο αθνχ δελ 
ρξεζηκνπνηνχληαη ζπρλνηηθά δηαζηήκαηα θχιαμεο 

 Δπεηδή ε κεηάδνζε είλαη ζε ξηπέο, δειαδή αζπλερήο, 
πξνζθέξεη κηθξφηεξε θαηαλάισζε ηζρχνο 
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Time Division Multiple Access 
(TDMA) 

 Πιενλεθηήκαηα (ζπλέρεηα) 
 Τα πξντφληα TDMA παξάγνληαη καδηθά ζε VLSI θαη 

έρνπλ κεησκέλν θφζηνο 

 Παξέρεη ηε δπλαηφηεηα κέηξεζεο ηεο πνηφηεηαο ζε 
επίπεδν πιαηζίνπ (frame) 

 Δίλαη ηδαληθφ γηα πεξηπηψζεηο κε ηεξαξρηθέο δνκέο 
θπςειψλ 

 Δίλαη πιένλ δνθηκαζκέλε θαη αξθεηά απνηειεζκαηηθή 
ηερλνινγία 
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TDMA/TDD and TDMA/FDD 

 In TDMA/TDD system, half of the time slots in the 

frame information message would be used for the 

forward link channels and half would be used for 

reverse link channels. Same channel conditions. 

 In TDMA/FDD systems, same frame structure can 

be used for both forward and reverse transmission 

but carrier frequencies used are different. 
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TDMA/TDD and TDMA/FDD 
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Cellular Systems and MAC 

Cellular System Multiple Access Technique 

AMPS FDMA/FDD 

GSM TDMA/FDD 

USDC (IS-54 and IS-136) TDMA/FDD 

PDC TDMA/FDD 

CT2 Cordless Phone FDMA/TDD 

DECT Cordless Phone FDMA/TDD 

US IS-95 CDMA/FDD 

W-CDMA CDMA/FDD 

CDMA/TDD 

cdma2000 CDMA/FDD 

CDMA/TDD 
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Synchronous and asynchronous 
TDMA 

 The same slot of all the frames are assigned to the same 
user. The slot assignment can actually be fixed or 
dynamic. 

 If the assigned slot is fixed from frame to frame for the 
duration of the connection, the users have to synchronize 
to their respective assigned slots. This mode of TDMA is 
referred to as STDMA. 

 With packet-switched transmission, it is more efficient to 
allow a user to transmit only when it has packets to send. 
Transmission slots are dynamically assigned from frame 
to frame. This mode is known as ATDMA. 

 A TDMA is implemented using a reservation access 
mechanism. 
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Spread Spectrum Systems 

 Spread Spectrum Systems : The desired signal is 

transmitted over a bandwidth which is much larger 

than the Nyquist bandwidth. It is first developed for 

military applications for 

 Security 

 Undetectability: minimum probability of being detected 

 Robust against intentional jammers 
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Spread Spectrum Applications 

 It is not bandwidth efficient when used by a single user but 
has the capability to overcome narrowband jamming signals 
(cannot overcome AWGN or wideband jamming signal) and 
multi-path. 

 Providing multiple access  

 If many users can share the same spread spectrum 
bandwidth without interfering with one another, bandwidth 
efficient is improved, but will affect the capability to 
overcome jamming. 
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Spread Spectrum Multiple 
Access (SSMA) 

 Two techniques 

 Frequency Hopped Spread Spectrum (FHSS) 

 Direct Sequence Spread Spectrum (DSSS)  

 Also called Code Division Multiple Access – CDMA 
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Frequency Hopping (FHSS) 

 Digital muliple access technique 

 A wideband radio channel is used.  

 Same wideband spectrum is used 

 The carrier frequency of users are varied in a  pseudo-
random fashion. 

 Each user is using a narrowband channel (spectrum) at a 
specific instance of time.  

 The random change in frequency make the change of 
using the same narrowband channel very low. 
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Frequency Hopping (FHSS) 

 The sender receiver change frequency (calling hopping) 
using the same pseudo-random sequence, hence they 
are synchronized.   

 Rate of hopping vs. symbol rate  

 If hopping rate is greater: Called Fast Frequency Hopping 

 One bit transmitted in multiple hops.  

 If symbol rate is greater: Called Slow Frequency Hopping 

 Multiple bits are transmitted in a hopping period 

 GSM and Bluetooth are example systems 
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Frequency Hopping (FHSS) 
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Direct Sequence Spread 
Spectrum (DSSS) 
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Direct Sequence Spread 
Spectrum (DSSS) – Δθπνκπή 

41 Αζχξκαηα Γίθηπα Δπηθνηλσληψλ 

Πνιιαπιαζηαζκφο ζην ρξφλν  

ζπλέιημε ζηε ζπρλφηεηα 



Direct Sequence Spread 
Spectrum (DSSS) – Λήςε 
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Πνιιαπιαζηαζκφο ζην ρξφλν  

ζπλέιημε ζηε ζπρλφηεηα 



DSSS – Δθπνκπή 
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DSSS – Λήςε 
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DSSS – Φάζκα 
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DSSS – Φάζκα 

Frequency Frequency 

Spectral  

Density 

Spectral  

Density 

Signal 

Interference 

Interference 

Signal 

Output of Wideband filter Output of Correlator after 

dispreading, Input to 

Demodulator 
46 Αζχξκαηα Γίθηπα Δπηθνηλσληψλ 



Code Division Multiple Access 
(CDMA) 

 In CDMA, the narrowband message signal is multiplied by a 
very large bandwidth signal called spreading signal (code) 
before modulation and transmission over the air. This is 
called spreading.  

 CDMA is also called DSSS (Direct Sequence Spread 
Spectrum). DSSS is a more general term.  

 Message consists of symbols  

 Has symbol period and hence, symbol rate 

Frequency 

Code 

Time 
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Code Division Multiple Access 
(CDMA) 

 Spreading signal (code) consists of chips 
 Has Chip period and hence, chip rate 

 Spreading signal use a pseudo-noise (PN) sequence (a pseudo-
random sequence) 

 PN sequence is called a codeword 

 Each user has its own cordword 

 Codewords are orthogonal (low autocorrelation) 

 Chip rate is order of magnitude larger than the symbol rate.  

 The receiver correlator distinguishes the senders signal by 
examining the wideband signal with the same time-
synchronized spreading code  

 The sent signal is recovered by despreading process at the 
receiver.  
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Code Division Multiple Access 
(CDMA) 

 Σηελ CDMA ζεκαληηθφ ξφιν παίδεη ν ηχπνο ησλ 
θσδίθσλ πνπ ρξεζηκνπνηνχληαη. 
 Οξζνγσληθνί θψδηθεο: Πεπεξαζκέλνο θαη κηθξφο 

αξηζκφο θσδηθψλ ζε δεδνκέλν εχξνο δψλεο, αιιά 
κεδεληθή παξεκβνιή (πιήξεο νξζνγσληφηεηα). 

 Ηκη-νξζνγσληθνί θψδηθεο: Πάξα πνιχ κεγάινο αξηζκφο 
θσδηθψλ ζε δεδνκέλν εχξνο δψλεο, αιιά ππάξρεη κηα 
κηθξή ελαπνκείλαζα παξεκβνιή κεηαμχ θσδηθψλ. 

 Η παξαγσγή ησλ ζεκάησλ γίλεηαη ζπλήζσο κε ηελ 
ηερληθή Direct Sequence (DS-CDMA). 
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Code Division Multiple Access 
(CDMA) 
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Code Division Multiple Access 
(CDMA) 
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Code Division Multiple Access 
(CDMA) 
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R 

A B 

 Receiver (a base station) 

Transmitter (a mobile) Transmitter 
Codeword=010011 Codeword=101010 

Data=1011… Data=0010… 

Data transmitted from A and B is multiplexed using CDMA and codeword.  

The Receiver de-multiplexes the data using dispreading.  

CDMA Example 
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CDMA Example: Transmission from two sources 
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CDMA Example – recovering signal A at the 
receiver 
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CDMA Example – recovering signal B at the 
receiver 
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CDMA Example – using wrong codeword at the 
receiver 
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Πιενλεθηήκαηα CDMA 

 Δθκεηαιιεπφκαζηε ηηο ζησπειέο πεξηφδνπο ζηηο 
ηειεθσληθέο ζπλνκηιίεο. 

 Γελ απαηηείηαη ε ρξήζε ηζνζηαζκηζηή (equalizer) 

 Σηα θπςεισηά ζπζηήκαηα φπνπ γεηηνληθέο θπςέιεο 
ρξεζηκνπνηνχλ ηνλ ίδην δίαπιν, δελ απαηηείηαη κεηαπνκπή 
ζηε ζπρλφηεηα. 

 Γελ απαηηνχληαη δηαζηήκαηα θχιαμεο, ηα νπνία είλαη 
απψιεηα ζηε ζπλνιηθή ρσξεηηθφηεηα. 

 Δπηηπγράλεη πνιχ κεγαιχηεξεο ρσξεηηθφηεηεο ζε επίπεδν 
ρξεζηψλ αλά θπςέιε. 

 Γελ απαηηνχληαη πνιχπινθεο ηερληθέο απφδνζεο θαη 
δηαρείξηζεο ηνπ θάζκαηνο θαζψο επίζεο θαη ηερληθέο 
ζρεδίαζεο ηνπ ζπζηήκαηνο. 

58 Αζχξκαηα Γίθηπα Δπηθνηλσληψλ 



Πιενλεθηήκαηα CDMA 

 Έρεη πνιχ θαιή ζπκπεξηθνξά φζνλ αθνξά ζηελ αζθάιεηα 
ηεο κεηάδνζεο ησλ δεδνκέλσλ 

 Σε θπζηνινγηθέο ζπλζήθεο ε πξνζζήθε ελφο επηπιένλ 
ρξήζηε επηδξά ιίγν κφλν ζηελ πνηφηεηα ησλ ππεξεζηψλ ησλ 
ππαξρφλησλ ρξεζηψλ (soft capacity) 

 Γπλαηή ε ζπλχπαξμε κε άιια αλαινγηθά ζπζηήκαηα 

 Γπλαηφηεηα ππνζηήξημεο εχξνπο δψλεο θαηά απαίηεζε 
(bandwidth-on-demand) 
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CDMA vs. TDMA 

 Η FDMA είλαη ρξήζηκε ζε ζπλδπαζκφ κε ηελ TDMA θαη 
ηελ επαλαρξεζηκνπνίεζε θάζκαηνο 

 (+) Γνθηκαζκέλεο ηερληθέο θαη ζρεηηθά απιέο 

 (-) Το θάζμα ζστνοηήηφν είναι περιοριζμένο 

 (-) Προζεκηικός ζτεδιαζμός ζστνοηήηφν ζηις κσυέλες 

 (-) Πξφβιεκα θαζψο ην κέγεζνο ησλ θπςειψλ κηθξαίλεη 

 Η CDMA κπνξεί λα ζπλδπαζηεί κε FDMA θαη TDMA 

 (+) Το πλήθος ηφν κφδικών πολύ μεγάλο 

 (+) Δεν απαιηείηαι ζτεδιαζμός κφδικών 

 (-) Απαηηνχληαη πνιχπινθνη πνκπνδέθηεο 

 (-) Απαιηείηαι προζεκηικός έλεγτος ιζτύος ζηα κινηηά 
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R

B

R

B
G

chipspread

p 

Gp: processing gain 

Bspread: PN code rate  

Bchip: Chip rate 

R: Data rate 

CDMA – Processing Gain 

 Main parameter of CDMA is the processing gain that is defined as: 

 

 

 

 

 

 

 

 IS-95 System (Narrowband CDMA) has a gain of 64. Other systems 

have gain between 10 and 100. 

 1.228 MHz chipping rate 

 1.25 MHz spread bandwidth 
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PN Sequences 

 PN generator produces periodic sequence that 
appears to be random 

 PN Sequences  
 Generated by an algorithm using initial seed 

 Sequence isn’t statistically random but will pass 
many test of randomness 

 Sequences referred to as pseudorandom numbers or 
pseudonoise sequences 

 Unless algorithm and seed are known, the sequence 
is impractical to predict 
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Important PN Properties 

 Randomness 

 Uniform distribution 

 Balance property 

 Run property 

 Independence 

 Correlation property 

 Unpredictability 
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Linear Feedback Shift Register 
Implementation 

Binary Linear Feedback Shift Register Sequence Generator 
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Properties of M-Sequences 

 Property 1:  
 Has 2n-1 ones and 2n-1-1 zeros 

 Property 2:  
 For a window of length n slid along output for N (=2n-1) shifts, 

each n-tuple appears once, except for the all zeros sequence 

 Property 3: 
 Sequence contains one run of ones, length n 

 One run of zeros, length n-1 

 One run of ones and one run of zeros, length n-2 

 Two runs of ones and two runs of zeros, length n-3 

 2n-3 runs of ones and 2n-3 runs of zeros, length 1 
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Properties of M-Sequences 

 Property 4:  

 The periodic autocorrelation of a ±1 m-sequence is 

 
otherwise

... 2N, N,0,          

1
1 











τ

N

R 

66 Αζχξκαηα Γίθηπα Δπηθνηλσληψλ 



Autocorrelation Function 

 H (θαλνληθνπνηεκέλε) απην-ζπζρέηηζε κηαο πεξηνδηθήο 
αθνινπζίαο x(t) κε πεξίνδν T0, είλαη 

 

 

 

 Όπνπ 

 

 

 Όηαλ ε x(t) είλαη πεξηνδηθή παικηθή θπκαηνκνξθή πνπ 
πεξηγξάθεη PN θψδηθα, ηφηε ν ζεκειηψδεο παικφο αλαθέξεηαη σο 
PN code symbol ή chip. 
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Autocorrelation Function 

 Γηα αθνιoπζία PN κε κνλαδηαία δηάξθεηα chip θαη πεξίνδν p 
chips, ε θαλνληθνπνηεκέλε ζπλάξηεζε απηνζπζρέηηζεο ζα είλαη 

 

  

 φπνπ Α: ην πιήζνο ησλ ςεθίσλ φπνπ ε αθνινπζία “ζπκθσλεί” κε 
κηα θπθιηθή νιίζζεζή ηεο θαηά τ chips, κείνλ ην πιήζνο ησλ 
ςεθίσλ φπνπ “δηαθσλεί”. 

 

 Π.ρ. ε αθνινπζία    0 0 0 1 0 0 1 1 0 1 0 1 1 1 1 

θαη ε θπθιηθή νιίζζεζε κηα ζέζε δεμηά 1 0 0 0 1 0 0 1 1 0 1 0 1 1 1 

      --------------------------------- 

                 Γ Σ Σ Γ Γ Σ Γ Σ Γ Γ Γ Γ Σ Σ Σ 
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Autocorrelation Function 
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Autocorrelation Function 
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Definitions 

 Correlation  
 The concept of determining how much similarity one set 

of data has with another 

 Range between –1 and 1 
 1  The second sequence matches the first sequence 

 0  There is no relation at all between the two sequences 

 -1 The two sequences are mirror images 

 Cross correlation  
 The comparison between two sequences from different 

sources rather than a shifted copy of a sequence with 
itself 
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Advantages of Cross 
Correlation 

 The cross correlation between an m-sequence and 
noise is low 

 This property is useful to the receiver in filtering out 
noise 

 The cross correlation between two different m-
sequences is low 

 This property is useful for CDMA applications  

 Enables a receiver to discriminate among spread 
spectrum signals generated by different m-sequences 
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Gold Sequences 

 Gold sequences constructed by the XOR of two m-
sequences with the same clocking 

 Codes have well-defined cross correlation 
properties 

 Only simple circuitry needed to generate large 
number of unique codes 

 In following example two shift registers generate 
the two m-sequences and these are then bitwise 
XORed 
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Gold Sequences 
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Maximal Length Sequences  
(m-Sequences) 

 Example: g(D)= 1+D+D3 

 

The k-th cyclic shift of b is represented as b(k) 
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Orthogonal Codes 

 Orthogonal codes  

 All pairwise cross correlations are zero 

 Fixed- and variable-length codes used in CDMA systems 

 For CDMA application, each mobile user uses one 
sequence in the set as a spreading code 

 Provides zero cross correlation among all users 

 Types 

 Walsh codes 

 Variable-Length Orthogonal codes 
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Orthogonal Codes? 

1 

-1 

1 

-1 

1 

-1 

1 

-1 
worst case 

chip sequence 

of user 1 

chip sequence 

of user 2 

At the transmitter Receiver of user 1 

 Problem: Synchronisation (Uplink) 
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Orthogonal Codes? 

1 

-1 

1 

-1 

1 

-1 

chip sequence 

of user 1 Path 1 

Path 2 

 Problem: Multipath channel (Up- and Downlink) 
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CDMA System and mobile 
radio channel 
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Walsh Codes 

 Set of Walsh codes of length n consists of the n rows 
of an n ´ n Walsh matrix: 

 

 W1 = (0) 

 
 n = dimension of the matrix 

 Every row is orthogonal to every other row and to the 
logical not of every other row 

 Requires tight synchronization 
 Cross correlation between different shifts of Walsh sequences is 

not zero 
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How to choose spreading 
codes? 

 Walsh Hadamard codes: 

 

 

 

 Orthogonality: 
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11

11

k

k

k

k

k

 

 
  
 

H

HH

H
H

1 1 1 1 1 1

2
1 1 1 1 1 1

2
2

2
k

T T
k k k kT kk k

k k T
k k k k k k

     

     

    
      

      

H H H H H H 0
H H I

H H H H 0 H H

1
11

1 1




  
 

H 2
1 1

1 1

1

1

1

1 1

1

1 1

1 1

1

1



 
 


 
 
 
 









H
0 1H

t 

81 Αζχξκαηα Γίθηπα Δπηθνηλσληψλ 



Typical Multiple Spreading 
Approach 

 Spread data rate by an orthogonal code 

(channelization code) 

 Provides mutual orthogonality among all users in the 

same cell 

 Further spread result by a PN sequence (scrambling 

code) 

 Provides mutual randomness (low cross correlation) 

between users in different cells 
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Rake Receiver 

 Multipath channel 
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Rake Receiver 

 Spread spectrum techniques can improve reception 
through using a receiver structure named RAKE receiver. 

 It inherited its name from the analogy of a garden rake, 
whereby the fingers constitute the resolvable paths. 

 The point where the handle and fingers meet is where 
diversity combining takes place. 

 Possible methods of diversity combining are: 
 Selection combining (SC) 

 Maximal ratio combining (MRC) 

 Equal gain combining (EGC) 

 Combining of the n best signals (SC-n) 
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Rake Receiver 
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Rake Receiver 

 For optimum performance of the RAKE receiver using coherent 

demodulation, the path attenuation and phase must be accurately 

estimated. 

 This estimation is performed by another process known as channel 

estimation. 
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 Multibranch receiver 

 Branches synchronized 

to different MP 

components 



Πξνβιήκαηα ζην CDMA 

 Η ηζρχο πνπ ιακβάλεηαη απφ ηνλ πνκπφ κε Κψδηθα Β είλαη 
πνιχ κεγαιχηεξε απφ εθείλε ηνπ επηζπκεηνχ κε θψδηθα Α. 

 Λχζε: Έιεγρνο ηζρχνο (power control) απφ ην BTS, ψζηε 
φια ηα ιακβαλφκελα λα έρνπλ πεξίπνπ ηελ ίδηα ηζρχ. 
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BTS

... 

. 

. 

. 

... 

. 

. 

. 

User 1 

User 2 

User k 

User Ku 

User n 

Assumptions 
• Total active users Ku 

• The intra-cell MAI can be 

   modeled as AWGN 

• Perfect power control is 

assumed 

• Random sequences  

Capacity of CDMA Systems 

 Uplink Single-cell System Model 
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Capacity of CDMA Systems 

 Coarse estimate of the reverse link (uplink) capacity 
 Assumptions: 

 Single Cell. 

 The interference caused by other users in the cell can be modeled as AWGN. 

 Perfect power control is used, i.e. the received power of each user at the base station is 
the same. 

 If the received power of each user is Ps watts, and the background noise can 
be ignored (ex: micro-cells), then the total interference power (MAI) at the 
output of the desired user’s detector is 

 

 

 where Ku is the total number of equal energy users in the cell. Suppose each 
user can operate against Gaussian noise at a bit-energy-to-noise density 
level of Eb/Io. Let W be the entire spread bandwidth, then the interference 
spectral density can be expressed as: 
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Interference 

    limited 

Also, the bit energy Eb is 

 

Thus, 
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      ★Now, if we consider the factors of voice activity (Gv), sectorized  

       antenna gain (GA), and other-cell interface factor (f), where 

Gv ≈ 1/v = 2.67 

GA (three sectors) ≈ 2.4 

f = (Interference form other cells)/(Interference from given cell) ≈ 0.6 

Capacity of CDMA Systems 
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 In this case, Ku can be approximated by 

 

 

 

 Ex:  If Gv ≈ 2.67, GA ≈ 2.4, f  ≈ 0.6 

 

 

 

 If (Eb/Io) required is 6 dB (i.e. Eb/Io = 4) 

 

 

       

 which will be larger than the TDMA or FDMA systems in the cellular 
environment. 
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Capacity of CDMA Systems 
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Space Division Multiple Access 
(SDMA) 

 Έιεγρνο ηεο αθηηλνβνινχκελεο Η/Μ αθηηλνβνιίαο 
γηα θάζε ρξήζηε ζηελ πεξηνρή θάιπςεο. 

 Γηα ηνλ έιεγρν ρξεζηκνπνηνχληαη έμππλεο (smart) 
πξνζαξκνζηηθέο (adaptive) θεξαίεο (antennas). 

 Σε θάζε πεξηνρή πνπ εμππεξεηείηαη απφ έλα ινβφ 
αθηηλνβνιίαο, κπνξνχκε λα ρξεζηκνπνηήζνπκε 
άιιεο ηερληθέο πνιιαπιήο πξφζβαζεο (π.ρ. FDMA, 
TDMA ή θαη CDMA). 
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Space Division Multiple Access 
(SDMA) 

 Use spot beam antennas 

 Sectorized antenna can be thought of as a SDMA 

 Adaptive antennas can be used in the future 

(simultaneously steer energy in the direction of 

many users) 

spot beam  

  antenna 
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Space Division Multiple Access 
(SDMA) 

 A large number of independently steered high-gain 

beams can be formed without any resulting 

degradation in SNR ratio. 

 Beams can be assigned to individual users, thereby 

assuring that all links operate with maximum gain. 

 Adaptive beamforming can be easily implemented 

to improve the system capacity by suppressing co-

channel interference. 
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Σπλδπαζκνί Τερληθψλ Πνιιαπιήο 
Πξφζβαζεο 

 Time Division CDMA (TCDMA) 

 Each cell is using a different spreading code (CDMA employed 

between cells) that is conveyed to the mobiles in its range.  

 Inside each cell (inside a CDMA channel), TDMA is employed to 

multiplex multiple users. 

 Time Division Frequency Hopping 

 At each time slot, the user is hopped to a new frequency according to 

a pseudo-random hopping sequence.  

 Employed in severe co-interference and multi-path environments.  

 Bluetooth and GSM are using this technique.  
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Σπλδπαζκνί Τερληθψλ Πνιιαπιήο 
Πξφζβαζεο 
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Σπλδπαζκνί Τερληθψλ Πνιιαπιήο 
Πξφζβαζεο 
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Τερληθέο Τπραίαο Πξφζβαζεο 

 Σηα πεξηζζφηεξα αζχξκαηα δίθηπα δεδνκέλσλ κφλν 

 Μηα κηθξή 

 Απξφβιεπηε 

 Γπλακηθή 

 ππννκάδα ρξεζηψλ ζηέιλεη δεδνκέλα κηα δεδνκέλε ρξνληθή 
ζηηγκή. 

 Η απνθιεηζηηθή απφδνζε δηαχισλ δελ είλαη απνδνηηθή. 

 Φξεζηκνπνηνχληαη πξσηφθνιια ηπραίαο πξφζβαζεο πνπ 
ζηεξίδνληαη ζηε κεηάδνζε δεδνκέλσλ ζε παθέηα. 
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Τερληθέο Τπραίαο Πξφζβαζεο 

 Υπάξρνπλ ηξεηο βαζηθέο θαηεγνξίεο 
 Τερληθέο ALOHA 

 Πξσηφθνιια Reservation ή Demand-Assignment 

 Υβξηδηθή ηερληθή PRMA (Packet Reservation Multiple 
Access) 

 ALOHA 
 Απιή ALOHA 

 Slotted-ALOHA 

 Δπηθνπξηθέο ηερληθέο: Carrier Sensing, Collision 
Detection, Collision Avoidance 
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Απιφ ALOHA 

 Ο πνκπφο ζηέιλεη δεδνκέλα ζην δίαπιν, θάζε θνξά 
πνπ απηά είλαη δηαζέζηκα. 

 Σχγθξνπζε δεδνκέλσλ ζην δέθηε. 
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Απιφ ALOHA 

 Όζα παθέηα ζπγθξνχνληαη πξέπεη λα απνζηαινχλ μαλά 
κεηά απφ θάπνην ηπραίν (ψζηε λα απνθεπρζνχλ 
αιιεπάιιειεο ζπγθξνχζεηο) ρξνληθφ δηάζηεκα. 

 Γηα κηθξφ θνξηίν, ε ηερληθή απνδίδεη θαιά. 

 Η κέγηζηε δπλαηφηεηα κεηαθνξάο ζε έλα δίαπιν ALOHA 
είλαη ην 18% εθείλεο αλ έλαο κφλν ρξήζηεο ρξεζηκνπνηνχζε 
ην δίαπιν. 

 Η ππφζεζε πνπ γίλεηαη είλαη φηη νη αθίμεηο παθέησλ 
αθνινπζνχλ θαηαλνκή Poisson. 

 Απηή ε ππφζεζε είλαη ηθαλνπνηεηηθή ζε θιαζηθά 
ηειεθσληθά δίθηπα, φρη φκσο θαη γηα ηε ζεκεξηλή θίλεζε 
ζην Internet. 
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Self-Similar Traffic 

 Η θίλεζε ησλ παθέησλ ζην Internet αθνινπζεί ηελ 
θαηαλνκή self-similar, ή φπσο πνιιέο θνξέο ιέγεηαη 
θαηαλνκή κε κεγάιεο νπξέο. 

 Γειαδή ππάξρνπλ πνιιέο ηηκέο ηεο θαηαλνκήο αξθεηά 
καθξηά απφ ηε κέζε ηηκή. 

 Η ηδηφηεηα self-similarity νπζηαζηηθά πεξηγξάθεη ηελ 
αλεμαξηεζία ηεο παξαηεξνχκελεο δνκήο γεγνλφησλ απφ ηε 
δηάξθεηα ηεο παξαηήξεζεο (scale-invariant). 

 Γειαδή νη ρξφλνη κεηαμχ δηαδνρηθψλ αθίμεσλ θάπνησλ 
www sessions, ή εγθαηαζηάζεσλ TCP ζπλδέζεσλ, ή 
παθέησλ IP, ή ΑΤΜ cells, δείρλνπλ φινη παξφκνηνη κέζα 
ζηελ αληίζηνηρε ρξνληθή θιίκαθα. 
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Slotted ALOHA 

 Ο ρξφλνο δηαηξείηαη ζε ζρηζκέο θαη νη ρξφλνη κεηάδνζεο 
είλαη πξνθαζνξηζκέλνη (ζπγρξνληζκφο πνκπψλ). 
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Slotted ALOHA 

 Όζα παθέηα ζπγθξνχνληαη πξέπεη λα απνζηαινχλ μαλά 
κεηά απφ θάπνην ηπραίν (ψζηε λα απνθεπρζνχλ 
αιιεπάιιειεο ζπγθξνχζεηο) ρξνληθφ δηάζηεκα. 

 Πξνθχπηνπλ ζπλνιηθά ιηγφηεξεο ζπγθξνχζεηο γηαηί 
εθιείπνπλ ηα κεξηθψο επηθαιππηφκελα παθέηα. 

 Έρεη πεξίπνπ δηπιάζηα δπλαηφηεηα κεηαθνξάο σο πξνο ην 
απιφ ALOHA. 

 Φξεζηκνπνηείηαη γηα ηελ ηπραία πξφζβαζε αθφκε θαη ζην 
UMTS γηα ηελ ηπραία πξφζβαζε ζηελ εγθαηάζηαζε 
θιήζεσλ. 
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Απφδνζε ησλ δχν ALOHA 

 Δλψ ε slotted ΑLOHA παξνπζηάδεη δηπιάζηα ζρεδφλ 
δπλαηφηεηα κεηαθνξάο, δελ είλαη απνδνηηθή ηερληθή γηα 
πνιινχο ρξήζηεο πςεινχ ξπζκνχ κεηάδνζεο. 
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Απφδνζε ηεο ALOHA 

 Γηα ζπζηήκαηα κε πεξηνξηζκέλνπο πφξνπο κέζεο ηζρχνο θαη 
εχξνπο δψλεο, ε απνδνηηθφηεηα (ζε ζρέζε κε ην απιφ 
ALOHA) θαίλεηαη ζην ζρήκα. 
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Δπηθνπξηθέο Τερληθέο 

 Έλα θαηλφκελν πνπ βειηηψλεη ηελ απφδνζε ηνπ ALOHA 
είλαη ην θαηλφκελν ζχιιεςεο (capture effect), παξφκνην ζε 
ινγηθή κε ην near-far ζην CDMA. 

 Παθέηα απφ καθξηλνχο ζην δέθηε ρξήζηεο ιακβάλνληαη κε 
πνιχ κηθξφηεξε ηζρχ θαη παξφιε ηελ επηθάιπςε κε παθέηα 
απφ θνληηλνχο ρξήζηεο δελ ππάξρεη πξφβιεκα ζηελ 
αλάθηεζε ηεο πιεξνθνξίαο. 

 Δπηπιένλ κπνξνχκε λα ρξεζηκνπνηήζνπκε ηελ ηερληθή 
δηαζπνξάο θάζκαηνο ζε ζπλδπαζκφ κε ALOHA ψζηε λα 
κεησζνχλ νη ζπγθξνχζεηο. 
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Δπηθνπξηθέο Τερληθέο 

 Με ηελ ηερληθή αλίρλεπζεο θέξνληνο (carrier sensing multiple 
access, CSMA) ζηα ελζχξκαηα ζπζηήκαηα (π.ρ. Ethernet) ν 
πνκπφο αληρλεχεη ην δίαπιν αλ είλαη θαηεηιεκκέλνο πξηλ 
απνζηείιεη παθέηα. 

 Αλ είλαη θαηεηιεκκέλνο ε εθπνκπή θαζπζηεξείηαη κέρξη λα είλαη 
δηαζέζηκνο ν δίαπινο. Έηζη επηηπγράλνληαη ιηγφηεξεο 
αλακεηαδφζεηο. 

 Η ηερληθή απηή ζπλήζσο ζηα ελζχξκαηα ζπλδπάδεηαη κε ηελ 
ηερληθή αλαγλψξηζεο ζπγθξνχζεσλ (Collision Detection, CD). 

 Ο δίαπινο δειαδή παξαθνινπζείηαη θαη αλ εληνπηζηεί άιινο 
πνκπφο λα ζηέιλεη παθέηα, ηφηε ν αξρηθφο πνκπφο μαλαζηέιλεη ηα 
δηθά ηνπ παθέηα ρσξίο λα πεξηκέλεη αξλεηηθή επηβεβαίσζε ή 
ιήμε ηνπ ρξφλνπ (timeout) απφ ην δέθηε. 
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Δπηθνπξηθέο Τερληθέο 

 Η αλαγλψξηζε ησλ ζπγθξνχζεσλ πξνυπνζέηεη ηελ αλαγλψξηζε 
εθπνκπψλ άιισλ ρξεζηψλ, πνπ είλαη πνιιέο θνξέο αδχλαηε ζε 
αζχξκαηα ζπζηήκαηα, ιφγσ απσιεηψλ δηάδνζεο θαη ζθίαζεο. 

 Τν πξφβιεκα ηεο αλαγλψξηζεο ησλ εθπνκπψλ θαιείηαη θαη πξφβιεκα 
θξπκκέλσλ ηεξκαηηθψλ (hidden terminal problem). 
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Δπηθνπξηθέο Τερληθέο 

Πξφβιεκα θξπκκέλσλ ηεξκαηηθψλ (ζπλέρεηα) 

 Τν Laptop ζηέιλεη παθέηα ζην Access Point. 

 To PDA δελ αληρλεχεη ην Laptop θαη απνζηέιιεη παθέηα ζην 
Access Point, επεηδή «αθνχεη» θελφ δίαπιν, δειαδή ε 
ηερληθή CS απνηπγράλεη. 

 Σην Access Point έρνπκε ζχγθξνπζε. 

 To Laptop δελ κπνξεί λα αλαγλσξίζεη ηε ζχγθξνπζε επεηδή 
δελ «βιέπεη» ην PDA, άξα ε ηερληθή CD απνηπγράλεη. 
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Δπηθνπξηθέο Τερληθέο 

 Πξφβιεκα Δθηεζεηκέλσλ Τεξκαηηθψλ (Exposed Terminals) 

 O B ζηέιλεη ζηνλ Α, θαη ν C ζέιεη λα ζηείιεη (νχηε ζηνλ Α 

νχηε ζηνλ B αιιά ζε άιιν ηεξκαηηθφ) 

 Λφγσ CS ν C ζα πεξηκέλεη. 

 Όκσο ν Α είλαη εθηφο θάιπςεο ηνπ C, άξα θαθψο ν C 

πεξηκέλεη, δειαδή ν C είλαη εθηεζεηκέλνο. 
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Δπηθνπξηθέο Τερληθέο 

 Σπλήζσο ζηα WLANs ρξεζηκνπνηείηαη ε ηερληθή απνθπγήο 
ζπγθξνχζεσλ (Collision Avoidance, CA). 

 Η ηερληθή πιένλ πεξλά ζην δέθηε!!! 

 Ο δέθηεο ελεκεξψλεη φινπο ηνπο γεηηνληθνχο πνκπνχο φηη 
δέρεηαη έλα παθέην, εθπέκπνληαο έλα ηφλν θαηεηιεκκέλνπ 
(busy tone). 

 Οη πνκπνί πνπ έρνπλ παθέηα πξνο απνζηνιή πεξηκέλνπλ έλα 
ηπραίν ρξνληθφ δηάζηεκα κεηά ηε ιήμε ηνπ ηφλνπ. 

 Απηή ε ηερληθή πνιιέο θνξέο θαιείηαη θαη Inhibit Sense 
Multiple Access (ISMA) θαη πξνηάζεθε θπξίσο γηα ηε 
κεηάδνζε δεδνκέλσλ ζην AMPS. 
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Δπηθνπξηθέο Τερληθέο 

 Η ηερληθή ηεο απνθπγήο ζπγθξνχζεσλ είλαη πνιχ 
απνδνηηθή. 

 Η απνδνηηθφηεηα πεξηνξίδεηαη φηαλ ν ηφλνο θαηεηιεκκέλνπ 
επεξεάδεηαη απφ ηηο απψιεηεο δηάδνζεο, ηεο ζθίαζεο θαη 
ησλ δηαιείςεσλ. 
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Δπηθνπξηθέο Τερληθέο 

 Μηα παξφκνηα ηερληθή απνθπγήο ζπγθξνχζεσλ πνπ 
ρξεζηκνπνηείηαη (πξναηξεηηθά) ζην IEEE 802.11 είλαη κε 
ρξήζε αίηεζεο γηα απνζηνιή θαη επηβεβαίσζεο απφ ην 
δέθηε γηα έλαξμε απνζηνιήο (Multiple Access Collision 
Avoidance, MACA). 
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Δπηθνπξηθέο Τερληθέο 

 Τν Laptop ζηέιλεη Request To Send (RTS) πνπ πεξηέρεη ην 
φλνκα πνκπνχ θαη δέθηε (Laptop, AP) θαη ηελ επηζπκεηή 
δηάξθεηα κεηάδνζεο. 

 To AP ιακβάλεη ην RTS (ην PDA δελ ην ιακβάλεη αλ είλαη 
θξπκκέλν ηεξκαηηθφ) θαη απαληά κε Clear To Send (CTS), 
πνπ πεξηέρεη ηηο ίδηεο πιεξνθνξίεο κε ην RTS. 

 Τν κέζν νπζηαζηηθά έρεη θξαηεζεί απφ ην Laptop θαη ην 
PDA πνπ ιακβάλεη ην CTS δελ ζηέιλεη κέρξη λα ιήμεη ν 
ρξφλνο πνπ αλαθέξνληαλ ζην CTS. 

 Τν πξφβιεκα ησλ θξπκκέλσλ ηεξκαηηθψλ επηιχεηαη αλ δελ 
αιιάμεη ε θαηάζηαζε (π.ρ. Αλ δελ εηζέιζεη ζηελ πεξηνρή 
ηνπ AP έλα άιιν ηεξκαηηθφ κεηά ηελ απνζηνιή ηνπ CTS). 
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Δπηθνπξηθέο Τερληθέο 

 Κακία κεηάδνζε δελ επηηξέπεηαη ρσξίο CTS. 

 Δπηιχεηαη φκσο θαη ην πξφβιεκα ησλ εθηεζεηκέλσλ 
ηεξκαηηθψλ. 

 Σην RTS πνπ ζηέιλεη ν Β ν C δελ αληηδξά. Δπεηδή ν C δελ 
ιακβάλεη ην CTS ηνπ Α, ζπκπεξαίλεη φηη ν Α είλαη εθηφο 
εκβέιεηαο θαη κπνξεί λα ζηείιεη. 

116 Αζχξκαηα Γίθηπα Δπηθνηλσληψλ 



Πξσηφθνιια Κξάηεζεο 
(Reservation) 

 Σηα πξσηφθνιια απηά ππάξρεη απνθιεηζηηθφο δίαπινο 
θξαηήζεσλ. 

 Μέζσ απηνχ απνδίδνληαη δίαπινη ζηνπο ρξήζηεο θαηά 
απαίηεζε. 

 Η απφδνζε γίλεηαη είηε θεληξηθά (Access Point), είηε απφ 
έλα θνηλφ αιγφξηζκν πνπ ηξέρεη ζε θάζε ηεξκαηηθφ. 

 Αλ ηα παθέηα ζεκαηνδνζίαο είλαη έλα κηθξφ κφλν κέξνο 
ησλ αληίζηνηρσλ ηεο πιεξνθνξίαο, ε ηερληθή είλαη πνιχ 
απνδνηηθή. 

 Αλ φρη, ηφηε ε απφδνζε κεηψλεηαη. 

 Δπηπιένλ αλ ην δίθηπν είλαη ππεξθνξησκέλν, ην πξφβιεκα 
ηεο απφδνζεο κεηαθέξεηαη ζην δίαπιν θξαηήζεσλ. 
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Explicit Reservation ALOHA 
(DAMA) 

 Υπάξρεη θάζε αληαγσληζκνχ φπνπ θαη θαζνξίδεηαη ζην 
επφκελν πιαίζην πνηνο έρεη δηθαίσκα λα ζηείιεη ζε θάζε 
ζρηζκή. 

 Κεληξηθή ηερληθή φπνπ ν ΣΒ (ή ν δνξπθφξνο) ζηέιλεη ιίζηα 
κε ηα δηθαηψκαηα πξφζβαζεο. 
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Packet Reservation Multiple 
Access (PRMA) 

 Ο ρξφλνο δηαηξείηαη ζε ζρηζκέο θαη πιαίζηα. 

 Τα ελεξγά ηεξκαηηθά αληαγσλίδνληαη (slotted ALOHA) γηα 
ειεχζεξεο ζρηζκέο ζε θάζε πιαίζην. 

 Αλ έλα παθέην κεηαδνζεί επηηπρψο ζε κηα ζρηζκή, ηφηε απηή 
απνδίδεηαη ζην ρξήζηε γηα φζν ρξνληθφ δηάζηεκα ππάξρνπλ 
παθέηα πξνο απνζηνιή. 

 Αλ ζηακαηήζεη ε εθπνκπή παθέησλ, αθαηξείηαη θαη ε 
ρξνλνζρηζκή απφ ην ρξήζηε. 

 Υπεξεζίεο π.ρ. θσλήο θαη video εμαζθαιίδνπλ ζπλερή ξνή, 
ελψ π.ρ. ε κεηάδνζε δεδνκέλσλ ρξεζηκνπνηεί ην δίαπιν φζν 
είλαη απαξαίηεην. 
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Packet Reservation Multiple 
Access (PRMA) 

 Τν ζρήκα ACDABA-F ζεκαίλεη φηη ε 7ε ζρηζκή είλαη 
ειεχζεξε θαη ζε απηή ζα αληαγσληζηνχλ νη πηζαλνί ρξήζηεο. 

 Αλ ππάξμεη ζχγθξνπζε ε 7ε ζρηζκή παξακέλεη θελή θαη ζην 
επφκελν πιαίζην. 
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