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Agenda

• Multiple-Access Technique
• Capacity of Multiple Access
• Random Access Methods
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Multiple Access Techniques
1. A common communication channel is shared by 

many users.
up-link in a satellite communication, a set of 
terminals →
a central computer, a mobile cellular system

2. A broadcast network
down-links in a satellite system, radio and TV 
broadcast systems

3. Store-and-forward networks
4. Two-way communication systems
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‐FDMA (Frequency‐division Multiple Access)
‐TDMA (Time‐division Multiple Access)
‐CDMA (Code‐division Multiple Access): 
for burst and low‐duty‐cycle information 
transmission

3



2

2012/07/13 Wireless Communication Eng. I

Spread spectrum signals → small cross‐correlations
For no spread random access, collision and 
interference occur.
Retransmission Protocol
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Capacity of Multiple Access Methods
In FDMA, normalized total capacity Cn = KCK / W
(total bit rate for all K users per unit of bandwidth)
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Normalized capacity as a function of εb / N0 for FDMA.
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Total capacity per hertz as a function of  εb / N0 for FDMA.
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In TDMA, there is a practical limit 
for the transmitter power

In no cooperative CDMA,
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Normalized capacity as a function of εb / N0 for noncooperative CDMA.

9

2012/07/13 Wireless Communication Eng. I

Capacity region of two‐user CDMA multiple access Gaussian channel.

Capacity region for multiple users
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Code-Division Multiple Access

• CDMA Signal and Channel Models
• The Optimum Receiver

Synchronous Transmission
Asynchronous Transmission
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‐ Sub‐optimum Detectors
Computational complexity grows linearly   
with the number of  users, K.
Conventional Single‐user Detector
Near‐far problem
Decorrelation Detector
Minimum Mean‐Square‐Error Detector
Other Types of Detectors

‐ Performance Characteristics of Detectors
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Random Access Methods

• ALOHA Systems and Protocols Channel access 
protocol 
Synchronized (slotted) ALOHA 
Unsynchronized (un-slotted) ALOHA
Throughput for slotted ALOHA
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Packet Transmission
• Poisson Point Process: The start time of packets
• Average rate : λ [packets/s]
• Time duration of a packet : Tp
• Offered channel traffic : G=λTp
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Throughput Performance
• Unsynchronized random access:

S=Gexp(-2G)
Smax=1/(2e)=0.184(packets/slot) @G=1/2

• Slotted ALOHA:
S=Gexp(-G) for K→∞
Smax=1/e=0.368(packets/slot) @G=1
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Throughput & Delay Performance
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• Carrier Sense Systems and Protocols
CSMA / CD 
(carrier sense multiple access with collision 
detection)
No persistent CSMA
1-persistent CSMA
p-persistent CSMA
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Nonpersistent CSMA
• (a) If the channel is idle, the user transmits a packet.
• (b) If the channel is sensed busy, the user schedules 

the packet transmission at a later time according to 
some delay distribution. At the end of the delay 
interval, repeats steps(a) and (b).
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1-persistent CSMA
• (a) If the channel is sensed idle, the user transmits the 

packet with probability 1.
• (b) If the channel is sensed busy, the user waits until 

the channel becomes idle and transmits a packet with 
probability one. Note that in this protocol, a collision 
will always occur when one user has a packet to 
transmit.
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p-persistent CSMA
• (a) If the channel is idle, the packet is transmitted with 

probability p, and with probability 1-p the transmission is 
delayed by τ.

• (b) If at t=τ, the channel is still sensed to be idle, step (a) 
is repeated. If a collision occurs, the user schedules 
retransmission of the packets according to some 
preselected transmission delay distribution.

• (c) If at t=τ, the channel is sensed busy, the user waits 
until it becomes idle, and then operates as in (a) and (b) 
above.
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a=Tp/τｄ Nonpersistent CSMA
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a=0 a=0.01

a=0.1
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Memory Effect in Power Amplifiers

• Nonlinearity of PA
• Modeling of Nonlinearity
• Intermodulation, EVM, ACPR
• Distortion Compensation
• High Efficient PA
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