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Unit-6: 

 

Commercial Applications 



Differences between Multiplexing & Multiple Access 

•A communication resource (CR) represents the time and 

bandwidth that is available for communication signaling 

associated with a given system.  

 

•The terms “multiplexing” and “multiple access” refers to the 

sharing of Communication resource.  

 

•With multiplexing, the sharing of CR is fixed, or at most, 

slowly changing. The resource allocation is assigned a priori, 

and the sharing is usually a process that takes place within the 

confines of a local site (e.g., a circuit board).  
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Differences between Multiplexing & Multiple Access 

•Multiple access, however, usually involves the remote sharing 

of a resource.  

 

•Multiplexing involves an algorithm that is known a priori; 

usually, it is hard-wired into the system.  

•Multiple-access, on the other hand, is generally adaptive, and 

may require some overhead to enable the algorithm to operate.  
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Allocation of Communication resources 

•There are three basic ways to increase the throughput (total 

data rate) of a communication resource:  

 

To increase the transmitter’s effective isotropic radiated 

power (EIRP), or to reduce the system losses so that the 

received Eb/N0 is increased.  

To provide more channel bandwidth.  

To make the allocation of CR more efficient – domain of 

multiple access.  
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Multiple Access 

•Users share a common pool of radio channels, and user can 

access to any channel.  

•A channel is portion of limited radio resource which is 

temporarily allocated for a specific purpose (e.g. phone call).  

•It is a technique to divide radio spectrum into channels, and to 

allocate channels to number of users, simultaneously.  
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Multiple Access Techniques 

•Three major MA techniques:  

•Frequency Division Multiple Access (FDMA) – specified 

bands of frequency are allocated.  

•Time Division Multiple Access (TDMA) – periodically 

recurring time slots are allocated.  

•Code Division Multiple Access (CDMA) - specified members 

of a set of orthogonal or nearly orthogonal spread spectrum 

codes (each using the full channel bandwidth) are allocated.  
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Multiple Access Techniques 

•Other techniques include:  

Space Division Multiple Access (SDMA) or multiple 

beam frequency reuse – spot beam antennas are used to 

separate radio signals by pointing in different directions. It 

allows for reuse of same frequency.  

Polarization Division (PD) or dual polarization 

frequency reuse – Orthogonal polarizations are used to 

separate signals, allowing for reuse of the same frequency 

band.  
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Frequency Division Multiple Access (FDMA) 

•The whole frequency band is divided into C non-overlapping 

channels  

•Each user is allocated a dedicated channel to use upon request  

•Selection of the channel is based on particular channel 

assignment scheme  

•Transmission is continuous (FDD)  
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Features of FDMA 
•In FDMA all users share the system (e.g. Satellite) 

simultaneously but each user transmits at single frequency.  

•FDMA can be used with both analog and digital signal.  

•FDMA requires high-performing filters in the radio hardware, 

in contrast to TDMA and CDMA.  

•FDMA is not vulnerable to the timing problems that TDMA 

has. Since a predetermined frequency band is available for the 

entire period of communication, stream data (a continuous flow 

of data that may not be packetized) can easily be used with 

FDMA.  

•Due to the frequency filtering, FDMA is not sensitive to near-

far problem which is pronounced for CDMA.  

•Each user transmits and receives at different frequencies as 

each user gets a unique frequency slot.  
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FDMA v/s FDD & FDM 

•FDMA is distinct from frequency division duplexing (FDD).  

While FDMA allows multiple users simultaneous access 

to a transmission system, FDD means that the receiver and 

transmitter operate at different carrier frequencies.  

FDD refers to how the radio channel is shared between the 

uplink and downlink (for instance, the traffic going back and 

forth between a mobile-phone and a base station).  

Frequency-division multiplexing (FDM) is also distinct 

from FDMA. FDM is a physical layer technique that 

combines and transmits low-bandwidth channels through a 

high-bandwidth channel. FDMA, on the other hand, is an 

access method in the data link layer.  
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Channel assignment in FDMA 

•Channel assignment in FDMA can be  

Fixed assignment  

Demand assignment  

 

•Demand assignment allows all users apparently continuous 

access of the radio spectrum by assigning carrier frequencies on 

a temporary basis using a statistical assignment process.  

•There are two main techniques:  

Multi-channel per-carrier (MCPC)  

Single-channel per-carrier (SCPC)  
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Time Division Multiple Access (TDMA) 

•The whole frequency band is divided into C channels. Each 

channel is divided into N time slots which comprises a frame.  

•Each user is allowed to transmit Tx or Rx in a particular time 

slot in each frame and the user repeats transmission in the 

frame.  

•Shares a channel with several users.  

•Can be user with FDD and TDD.  

•Transmission is not continuous.  

•Synchronization is required between MS and BS.  
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Time Division Multiple Access (TDMA) 
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TDMA Features 

•Shares single carrier frequency with multiple users  

•Non-continuous transmission makes handoff simpler  

•Slots can be assigned on demand in dynamic TDMA  

•Less stringent power control than CDMA due to reduced intra 

cell interference  

•Higher synchronization overhead than CDMA  

•Advanced equalization may be necessary for high data rates if 

the channel is "frequency selective" and creates Intersymbol 

interference  

•Cell breathing (borrowing resources from adjacent cells) is 

more complicated than in CDMA  

•Frequency/slot allocation is complex 
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Dynamic TDMA 

•In dynamic time division multiple access, a scheduling 

algorithm dynamically reserves a variable number of time slots 

in each frame to variable bit-rate data streams, based on the 

traffic demand of each data stream.  

•Dynamic TDMA is used in  

AirSync Ubiquiti AirMax   

HIPERLAN/2 broadband radio access network.  

IEEE 802.16a WiMax  

Bluetooth  

The Packet radio multiple access (PRMA) method for combined 

circuit switched voice communication and packet data.  

TD-SCDMA (Time-Division-Synchronous CDMA) 

ITU-T G.hn  
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TDMA Example 
•Consider a TDMA system with a peak bit rate of 1 Mbps. 

Given that the number of users is 10, the frame length is 2 ms 

and the guard time is 10 μs. Find (a) Total bit rate per frame and 

(b) bit rate per user per frame.  

Solution:  

 

 

 

 

Total Guard time = 10 x 10 x 10–6 = 100 μs  

Total useful time = 2 ms – 100 μs = 1900 μs  
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TDMA Example 

We assume that for this useful time we always transmit at peak 

bit rate, therefore,  

# of bits per frame = 1900 x 10–6 x 1 x 106  

= 1900 bits = 1.9 x 103 bits  

(a) Total bit rate per frame = 1.9 x 103 bits/2 x 10–3s = 0.95 

Mbps  

(b) Bit rate per user per frame = Total bit rate per frame / user = 

0.95 Mbps /10= 95 kbps. 
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CDMA 

• The narrowband signal is 
multiplied by a very large BW 
signal called spreading signal, 
which is a pseudo-noise (PN) code 
sequence.  

• Each user can transmit information 
on same frequency channel at any 
time.  

• The receiver needs to know the 
exact codeword of the desired 
transmitter.  

• Can be user with FDD and TDD.  

• Soft capacity and soft handover are 
two features.  

• Near-far problem occurs  
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Comparison  
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MA systems: Narrowband and Wideband 

•Narrowband 

The transmission BW of single channel is same as of the coherence 

BW of the channel  

In FDMA/FDD, each user is assigned a distinct duplex channel for 

transmission (Tx) and reception (Rx)  

In TDMA/FDD (TDMA/TDD), each user is assigned a unique time 

slot for Tx and Rx on a different (same) radio channel  

•Wideband 

The transmission BW of single channel is much larger than the 

coherence BW of the channel  

Many users can transmit on same radio channel  

In CDMA/FDD (TDMA/TDD), spread spectrum is used to allow all 

transmitters to access the channel simultaneously with FDD (TDD) 

multiplexing techniques  
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CdmaOne 

Interim Standards-95 



CdmaOne 

•Interim Standard 95 (IS-95) is the first CDMA-based digital 

cellular standard by Qualcomm. The brand name for IS-95 is 

cdmaOne. IS-95 is also known as TIA-EIA-95.  

 

•In North America, the technology competed with Digital 

AMPS (IS-136, a TDMA technology). It is now being 

supplanted by IS-2000 (cdma2000), a later CDMA-based 

standard.  

•TIA/EIA/IS-95 supports a direct sequence spread spectrum 

technology with 1.25 MHz band duplex channels. 
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CDMA in Cellular Systems 

•It consists of both an access method and air-interface (between 

mobile station and BTS). 

•Rest of the network is very similar. 

•Radio resource management, mobility management, security 

are similar. 

•Power control and handoffs are different. 

•Uses DSSS and ECC.  

•Frequency reuse factor is 1  
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IS-95 Vocoders  

•Vocoders encode the voice/data into digital format. 

•IS-95 uses extremely advanced vocoders that use variable 

encoding rates 

•They operate at variable rates upto a maximum of 9600 bps. 

•The quality, though less than AMPS, is much higher than GSM, 

on average.   
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Advantages of CDMA Cellular System 
•Higher capacity – CDMA can accommodate more users per 

MHz of bandwidth than any other technology. 

•Improves voice quality (new coder)  

•Soft-handoffs  

•Less power consumption (6-7 mW)  

•Frequency diversity – frequency-dependent transmission 

impairments have less effect on signal  

•Multipath resistance – codes used for CDMA exhibit low auto 

correlation with their time delayed phases.  

•Privacy – privacy is inherent since spread spectrum is obtained 

by use of noise-like signals.  

•Graceful degradation – system only gradually degrades as more 

users access the system  
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Drawbacks of CDMA Cellular System 

•Self-jamming – it arises from the spreading sequences of 

different users that are not exactly orthogonal. 

•Near-far problem – signals closer to the receiver are received 

with less attenuation than signals that are farther away  

•Soft handoff  is complex–it requires that the mobile acquires 

the new cell before it relinquishes the old; this is more complex 

than hard handoff used in FDMA and TDMA schemes . 

•Currently CDMA covers a small portion of the world as 

compared to the GSM which has more subscribers and is 

prevalent in more countries worldwide. 
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Drawbacks of CDMA Cellular System 

 

•Air-interface is the most complex  

•Not symmetrical (unlike TDMA)  

Forward and reverse channels are different  

Forward channel (1 → Many) synchronized  

Forward channel uses orthogonal spreading codes  

Reverse channel transmissions are not synchronized  

Orthogonal codes are used for orthogonal waveform     

coding  
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Frequency allocation in AMPS and IS-95 
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Frequency allocation in AMPS and IS-95 

•A total 50-MHz band, divided into two 25-MHz bands, labeled 

A and B, constitutes the spectrum available.  

•For competition purposes each of these bands is allotted to a 

different operator.  

•These bands are not contiguous, with the A-band split into 

three segments named A, A′, and A′′, and the B-band also split 

into three segments named B, B′, and B′′.  

•Each band is further split into equal parts, one half band for the 

downlink or forward link (base station to mobile station) and the 

other half band for the uplink or reverse link (mobile station to 

base station).  

•Therefore, each link is allotted 12.5 MHz, with uplink and 

downlink separated by 45 MHz.  
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IS-95 CDMA Forward Link 
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IS-95 CDMA Forward Link 
•The forward link uses the same frequency spectrum as AMPS 

(824-849 MHz)  

•All users have the carriers of the same bandwidth 1.25MHz. 

•There is actually 0.02 MHz of a guard band, meaning that the 

actual bandwidth is 1.23 MHz.    

•4 types of logical channel are used:  

1 pilot (for timing and phase reference for coherent 

demodulation) 

1 sync channel (for acquiring synchronization),  

7 paging (for call control information), and  

55 traffic channels.  

•Channels are separated using different spreading codes  

•QPSK is the modulation scheme  
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IS-95 CDMA Forward Link 

•Short PN Orthogonal Walsh codes are used (64 total)  

•After orthogonal codes, they are further spread by short PN 

spreading codes. 

•Spreading codes are m-sequences generated by LFSRs  of 

length 15 with a period of 32,768 chips.  

•The PN spreading codes are used to isolate different cells (BSs) 

that are using the same frequencies.  

•The same PN sequence is used in all BSs.  

•The offset for each BS is different. Of course, this requires 

synchronization  

•Synchronization is achieved by GPS Satellites for accuracy.  
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IS-95 CDMA Forward Link 
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Basic Spreading in IS-95 Forward Link 
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The Pilot Channel 

 

•Provides a reference signal for all MSs and provides the phase 

reference for COHERENT demodulation. 

•4-6 dB stronger than all other channels.  

•Used to lock onto other channels. 

•Obtained using all zero Walsh code; i.e., contains no 

information except the RF carrier. 

•No power control in the pilot channel  
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The Pilot Channel 
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The Sync Channel 

•The sync channel, in number of one per carrier and transmitted 

by the base station, repeatedly broadcasts one message 

containing the following information:  

system time (acquired from the GPS),  

time delay introduced into the PN sequences,  

base station and network identifiers,  

the protocol revision supported by the base station, and  

the information rate of the base station 

•The channel is identified by the W32 Walsh sequence. 

•Used to acquire initial time synchronization.  

•Operates at 1200 bps.  
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The Sync Channel 
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Paging Channels 

 

•Used to page the MS in case of an incoming call, or to carry the 

control messages for call set up.  

•Uses W1-W7. 

•There is no power control  

•Additionally scrambled by PN long code, which is generated 

by LFSR of length 42  

•The rate: 4.8 Kbps or 9.6 Kbps  
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Paging Channels 
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Traffic Channels 

•These channels carry user information.  

•The vocoder yields variable data rate information, depending 

on the voice activity. 

•Two possible date rates:  

•RS1={9.6, 4.8, 2.4, 1.2 Kbps}  

•RS2={14.4, 7.2, 3.6, 1.8 Kbps}  

•RS1 is mandatory for IS-95, but support for RS2 is optional  

•Also carry power control bits for the reverse channel  
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Traffic Channels 
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IS-95 CDMA Reverse Link 

•Frequency allotment: 869-894 MHz range. 

•Fundamentally different from the forward link 

•Uses Offset Quaternary Phase Shift keying (OQPSK) for power 

efficiency. 

•No spreading of the data using orthogonal codes  

•Same orthogonal codes are used for waveform encoding  

•Two types of logical channels:  

The access channels (responds to paging channel 

messages)  

The reverse traffic channels  
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IS-95 CDMA Reverse Link 
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Access Channel in Reverse Link 

•The access channel is used by the mobile station to initiate a 

communication with the base station and to respond to a paging. 
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Traffic Channel in Reverse Link 
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Mapping data bits into symbols 
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Power Control in IS-95 

• Dynamic, decentralized  and closed-loop power control  

scheme is used.  

• Control scheme: Control Scheme: BS decides what to do 

based  on the measured Frame Error Rate: 

 FER < threshold → decrease mobile power by 1dB 

 FER > threshold → increase mobile power by 1dB 

• One power control bit is sent every 1.25 ms=800 MHz or 16 

power control bits per frame. 
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cdma2000 v/s cdmaOne 



cdma2000 

•cdma2000 represents an evolution from cdmaOne. 

•It offers several enhancements over cdmaOne. 

•Its major new capability include: 

1. connectivity to GSM-MAP in addition to IP and IS-41 

networks;  

2. new layering with new LAC and MAC architectures for 

improved service multiplexing and QoS management 

and efficient use of radio resources;  

3.  new bands and bandwidths of operation in support of 

various operator needs and constraints, as well as desire 

for a smooth and progressive migration to cdma2000; 

and 
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cdma2000 

4. flexible channel structure in support of multiple services 

with various QoS and variable transmission rates at up to 1 

Mbps per channel and 2 Mbps per user. 

•cdma2000 is backward compatible with TIA/EIA-95 

(cdmaOne) and supports most of TIA/EIA-95 structure and 

procedures. 

•cdma2000 accomplishes the wideband transmission 

requirements in two different ways.  

The forward transmission may utilize either direct spread 

(DS) technology or multicarrier (MC) technology.  

The reverse link, on the other hand, always uses DS 

technology. 
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cdma2000 

•The MC implementation of the cdma2000 forward link 

facilitates cdmaOne and cdma2000 overlay design. 

•In an MC implementation, an N×1.25 MHz cdma2000 system 

(N=1, 3, 6, 9, or 12) can overlay N contiguous cdmaOne 

carriers, where N is the spreading rate (SR) number.  

•SR 1 is referred to as “1×” (1.25 MHz) and SR 3 is referred to 

as “3×” (3.75 MHz), which are the two technologies defined in 

cdma2000 standards. 

•The 1.25 MHz configuration is similar to and compatible with 

cdmaOne. 

•The 3.75 MHz configuration uses a multi-carrier forward link 

and direct spread reverse link. The forward multi-carrier signal 

is obtained by aggregating three consecutive “1×” carriers. 
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cdma2000 

 

 

 

 

 

 

•In addition to the different SRs and to meet the different 

quality-of-service (QoS) requirements, cdma2000 incorporates a 

number of radio configurations (RCs).  

•These RCs are specified in terms of the achievable rate 

transmissions, frame duration, and prespreading modulation 

schemes. 
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Cdma2000-Radio Configurations (RCs) 
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Cdma2000-forward link and reverse link 

•On the forward link, the base station transmits multiple 

common channels as well as multiple dedicated channels to the 

terminals (MSs) located in its coverage area. 

•All the channels are mutually orthogonal as the bits they carry 

are spread with mutually orthogonal variable length Walsh 

codes (from dimension 4 to dimension 256). 

•cdma2000 reverse link differs from cdmaOne signaling 

structure but it is somewhat similar to cdma2000 forward link. 

•The cdma2000 reverse link includes several channels, one of 

which is a pilot channel, thus permitting coherent demodulation. 
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cdma2000-common channels 

•Common channels are used for brief (e.g., less than a second) 

exchange of information between a terminal and a base station. 

•This type of exchange is supported on the reverse link by the 

enhanced access channel and reverse common control channel 

and on the forward link by the forward common control 

channel. 
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cdma2000-common channels 
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cdma2000-dedicated channels 

•Set-up of a dedicated channel is triggered either by the terminal 

upper layers or by the network through paging.  

Upon such event, the terminal initiates the traffic channel set-up 

by transmitting a request to the network. 

•After the negotiation of various parameters—including service 

configuration (or service option, which refers to some pre-

defined service configuration) through common channel 

signaling exchange—the network allocates one or several 

dedicated channels to the terminal (described together as 

forward traffic channel), and the terminal initiates the 

transmission of one or several reverse link channels (described 

together as reverse traffic channel). 
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cdma2000-dedicated channels 
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cdma2000-Radio configuration for FL  

 

Department of Telecommunication, MUET UET Jamshoro                                  61 

Spread Spectrum Communications                                                    Dr. Abdul Latif 



cdma2000-Radio configuration for RL  
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Basic Concepts of WCDMA  

Radio Access Network 



Wideband CDMA 

•WCDMA was developed in order to create a global standard 

for real time multimedia services that ensured international 

roaming.  

•With the support of ITU (International Telecommunication 

Union) a specific spectrum was allocated – 2 GHz for 3G 

telecom systems.  

•The work was later taken over by the 3GPP (3rd Generation 

Partnership Project), which is now the WCDMA specification 

body with delegates from all over the world.  
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WCDMA-A development from GSM and CDMA 

•Naturally there are a lot of differences between WCDMA and 

GSM systems, but there are many similarities as well.  
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WCDMA a development from GSM and CDMA 

•The GSM Base Station Subsystem (BSS) and the WCDMA 

Radio Access Network (RAN) are both connected to the GSM 

core network for providing a radio connection to the handset. 

Hence, these technologies can share the same core network.  

•Further, both GSM BSS and WCDMA RAN systems are based 

on the principles of a cellular radio system.  

The GSM Base Station Controller (BSC) corresponds to 

the WCDMA Radio Network Controller (RNC).  

The GSM Radio Base Station (RBS) corresponds to the 

WCDMA RBS, and  

The A-interface of GSM was the basis of the development 

of the Iu-interface of WCDMA, which mainly differs in the 

inclusion of the new services offered by WCDMA.  
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WCDMA a development from GSM and CDMA 

•The GSM system uses TDMA (Time Division Multiple Access) 

technology with a lot of radio functionality based on managing 

the timeslots.  

•The WCDMA system on the other hand uses CDMA that 

performs specific functions.  

Some examples of WCDMA specific functions are fast 

power control and soft handover.  
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WCDMA and cdma2000 and cdmaOne  

•In cdmaOne and CDMA2000, a 1.25 MHz wide radio signal is 

multiplied by a spreading signal (which is a pseudo-noise code 

sequence) with a higher rate than the data rate of the message.  

•WCDMA is a step further in the CDMA technology. It uses a 5 

MHz wide radio signal and a chip rate of 3.84 Mcps, which is 

about three times higher than the chip rate of cdma2000 (1.2288 

Mcps).  

•The main benefits of a wideband carrier with a higher chip rate 

are:  

Support for higher bit rates  

Higher spectrum efficiency thanks to improved trunking 

efficiency (i.e. better statistical averaging)  

Higher QoS  
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WCDMA Characteristics  

•Support two basic modes: FDD and TDD modes 

•High chip rate (3.84 Mcps) and data rates (up to 2 Mbps) 

•Employs coherent detection on uplink and downlink based on 

the use of pilot symbols 

•Fast adaptive power control in the downlink based on SIR 

•Provision of multi-rate services 

•Seamless inter-frequency handover 

•Intersystem handovers, e.g. between GSM and WCDMA 

•Support for advanced technologies like multiuser detection 

(MUD) and smart adaptive antennas 
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WCDMA Characteristics  
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Channel Bandwidth  5 MHz 

Duplex Mode  FDD and TDD 

Downlink RF Channel Structure  Direct Spread (DS) 

Chip Rate  3.84 Mcps 

Frame Length  10 ms 

Spreading Modulation  
Balanced QPSK (downlink), Dual-channel QPSK (uplink), Complex spreading 

circuit 

Data Modulation  QPSK (downlink), BPSK (uplink) 

Channel Coding  Convolutionaland turbo codes 

Coherent detection  
• User dedicated time multiplexed pilot (downlink and uplink) • common pilot in 

downlink 

Channel Multiplexing in Downlink  Data and control channel are multiplexed 

Channel Multiplexing in Uplink  
• Control and pilot channel time multiplexed • I&Q multiplexing for data and 

control channel 

Multirate  Variable spreading and multicode 

Spreading Factors  4-256 (uplink), 4-512 (downlink) 

Power Control  Open and fast closed loop (1.6 kHz) 

Spreading (downlink)  
OVSF sequences for channel separation. Gold sequences 218-1 for cell and user 

separation (truncated cycle 10 ms) 

Spreading (uplink)  
OVSF sequences. Gold sequence 241 for user separation (different time shifts in I 

and Q channel, truncated cycle 10 ms) 

Handover  Soft handover, Inter-frequency handover, etc. 



Near Far Problem 

• In CDMA, stronger received 

signal levels raise the noise floor 

at the base station demodulators 

for the weaker signals, thereby 

decreasing the probability that 

weaker signals will be received. 

• CDMA uses Power Control:     

The base station rapidly samples 

the radio signal strength indicator 

of each mobile and then sends 

power change command over the 

forward radio link 
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• Received powers from all 
users are roughly equal  

• The mobile unit transmits 
only at the power necessary 
to maintain connection  

• Extra benefit: extended 
battery life  

 



Power Control 

•The power control regulates the transmit power of the terminal 

and base station, which results in less interference and allows 

more users on the same carrier.  

•Transmit power regulation thus provides more capacity in the 

network.  

•The aim of power control is that the base station shall receive 

the same power level from all handsets in the cell regardless of 

distance from the base station.  

•If the power level from one handset is higher than needed, the 

quality will be excessive, taking a disproportionate share of the 

resources and generating unnecessary interference with the other 

subscribers in the network.  
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Power Control 

On the other hand, if power levels are too low this will 

result in poor quality.  

•WCDMA has a fast power control that updates power levels 

1500 times every second.  

•By doing that the rapid change in the radio channel is handled. 

To ensure good performance, power control is implemented in 

both the up-link and the down-link, which means that both the 

output powers of the handset and the base station are frequently 

updated.  
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Cell breathing 

•Power control also gives rise to a phenomenon called “cell 

breathing”.  

•This is the trade-off between coverage and capacity, which 

means that the size of the cell varies depending on the traffic 

load.  

•When the number of subscribers  

in the cell is low (low load), good  

quality can be achieved even at a  

long distance from the base station.  

•On the other hand, when the number  

of users in the cell is high, the large number of subscribers 

generates a high interference level and subscribers have to get 

closer to the base station to achieve good quality.  
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Handoff 

•When a mobile moves into a different cell while the call is in 

progress, the MSC automatically transfers the call to a new 

channel belonging to the new BS.  

•The handoff operation involves identifying a new BS and the 

allocation of voice and control signals associated with the new 

BS.  

•Handoffs must be performed successfully, as infrequently as 

possible and must be imperceptible to the user.  
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Handoff Region 
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Handoff Region 
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Handoff Region 

•Handoff is made when the received signal at the BS falls below 

a pre-specified threshold level.  

•In deciding when to handoff, it is important to ensure that the 

drop in signal level is not due to momentary fading.  

•In order to ensure this, the BS monitors the signal for a certain 

period of time before initiating a handoff.  

•The length of the time needed to decide if handoff is necessary 

depends on the speed at which the mobile is moving.  
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Handoff Strategies 

•In the first generation analog cellular systems, the signal 

strength measurements are made by the BS and are supervised 

by MSC.  

•In the second generation systems that uses TDMA, Mobile 

Assisted Handoffs (MAHOs) are used.  

•In MAHO, every MS measures the received power from the 

surrounding BS and continuously report these values to the 

corresponding BS.  

•Handoff is initiated if the signal strength of a neighboring BS 

exceeds that of the current BS.  
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Soft Handoff  

•CDMA spread spectrum cellular system provides a unique 

handoff capability.  

•Unlike channelized wireless system that assigns different radio 

channels during a handoff (called hard handoff), the spread 

spectrum MS shares the same channel in every cell.  

•The term handoff here implies that a different BS handles the 

radio communication task.  

•The ability to select between the instantaneous received signals 

from different BSs is called soft handoff.  
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Soft Handover 

•With soft handover functionality the handset can communicate 

simultaneously with two or more cells in two or more base 

stations.  

•This flexibility in keeping the connection open to more than 

one base station results in fewer lost calls, which is very 

important to the operator.  
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Soft and softer Handover 

• The difference between soft and 
softer handover is that during soft 
handover, the handset is connected 
to multiple cells at different base 
stations, while during softer 
handover, the handset is connected 
to multiple cells at the same base 
station.  

• A drawback with soft handover is 
that it requires additional hardware 
resources on the network side, as 
the handset has multiple 
connections.  

• In a well-designed radio network, 
30–40 % of the users will be in 
soft or softer handover.  
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Channel type switching 

•In WCDMA there are different types of channels that can be 

used to carry data in order to maximize the total traffic 

throughput.  

•The two most basic ones are common channels and dedicated 

channels.  

•Channel type switching functionality is used to move 

subscribers between the common and the dedicated channel, 

depending on how much information the subscriber needs to 

transmit.  

•The dedicated channel is used when there is much information 

to transmit, such as a voice conversation or downloading a web 

page. It utilizes the radio resources efficiently as it supports both 

power control and soft handover.  
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Channel type switching 

 

•The common channel, on the other hand, is less spectrum 

efficient. One benefit is that the common channel reduces delays 

as many subscribers can share the same resource. Hence it is the 

preferred channel for the transfer of very limited information.  
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Admission control 

•As there is a very clear trade-off between coverage and 

capacity in WCDMA systems, the admission control 

functionality is used to avoid system overload and to provide the 

planned coverage.  

•When a new subscriber seeks access to the network, admission 

control estimates the network load and based on the new 

expected load, the subscriber is either admitted or blocked out.  

•By this the operator can maximize the network usage within a 

set of network quality levels, i.e. levels depending on what kind 

of service/information the subscriber wants to use.  
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Congestion control 

•Even though an efficient admission control is used, overload 

may still occur, which is mainly caused by subscribers moving 

from one area to another area.  

•If overload occurs, four different actions can be taken.  

First, congestion control is activated and it reduces the bit 

rate of non real-time applications, to resolve the overload.  

Second, if the reduced bit rate activity is not sufficient, the 

congestion control triggers the inter- or intra-frequency 

handover, which moves some subscribers to less loaded 

frequencies.  

Third, handover of some subscribers to GSM and  

Fourth to discontinue connections, and thus protect the 

quality of the remaining connections.  
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Synchronization 

•One of the basic requirements when WCDMA was 

standardized was to avoid dependence on external systems for 

accurate synchronization of base stations.  

•This has been achieved by a mechanism, where the handset, 

when needed, measures the synchronization offset between the 

cells and reports this to the network.  

•In addition, there is also an option to use an external source, 

such as GPS, for synchronizing the nodes, i.e. to always provide 

the best solution both asynchronous and synchronous nodes are 

supported.  
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Basic Architecture Concepts /  

System Overview  



Radio Access Network (RAN) Architecture  

•The main purpose of the WCDMA RAN is to provide a 

connection between the handset and the core network and to 

isolate all the radio issues from the core network.  

•The WCDMA Radio Access Network consists of two types of 

nodes:  

Radio Base Station (Node B): The Radio Base Station 

handles the radio transmission and reception to/from the 

handset over the radio interface (Uu). It is controlled from 

the Radio Network Controller via the Iub interface. One 

Radio Base Station can handle one or more cells.  
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Radio Access Network (RAN) Architecture  

Radio Network Controller (RNC): The Radio Network 

Controller is the node that controls all WCDMA Radio 

Access Network functions. It connects the WCDMA Radio 

Access Network to the core network via the Iu interface. 

There are two distinct roles for the RNC, to serve and to 

control. The Serving RNC has overall control of the handset 

that is connected to WCDMA Radio Access Network. It 

controls the connection on the Iu interface for the handset 

and it terminates several protocols in the contact between the 

handset and the WCDMA Radio Access Network.  
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Transport in WCDMA RAN 

•The WCDMA Radio Access Network nodes communicate with 

each other over a transport network. The 3GPP specification 

provides a very clear split between radio related (WCDMA) 

functionality and the transport technology, meaning that there is 

no particular bias to any technology. The transport network is 

initially based on ATM, but IP will soon be included as an 

option.  
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Radio Interface Overview 

•The protocol stack of the radio interface between WCDMA 

Radio Access Network and the handset consists of a number of 

protocol layers, each giving a specific service to the next layer 

above. The main purpose with each layer is as follows:  

Layer 3: Signaling to control the connection to the 

handset.  

Layer 2: If there is time for it, to retransmit packets which 

has been received in error.  

Layer 1: To transmit and receive data over the radio, 

including basic protection against bit errors.  
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Radio Interface Overview 
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Layer 1: The Physical Layer 

•The Physical Layer (Layer 1) offers Transport Channels to the 

MAC layer. There are different types of transport channels with 

different characteristics of the transmission. Common transport 

channels can be shared by multiple handsets (e.g. FACH, 

RACH, DSCH, BCH, PCH). Dedicated transport channels 

(DCH) are assigned to only one handset at a time.  

 

•The transmission functions of the physical layer include 

channel coding and interleaving, multiplexing of transport 

channels, mapping to physical channels, spreading, modulation 

and power amplification, with corresponding functions for 

reception.  
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Layer 1: The Physical Layer 

•A frequency and a code characterize a physical channel. The 

specifications include two modes: the FDD mode (Frequency 

Division Duplex) and the TDD mode (Time Division Duplex). 

The FDD mode is the mainstream mode that operators are now 

deploying in WCDMA. The TDD mode may eventually be 

deployed as well, as a complement to the FDD mode.  
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Layer 2: The Medium Access Protocol 

•The Medium Access Control (MAC) protocol (Layer 2) offers 

logical channels to the layers above.  

•The logical channels are distinguished by the different type of 

information they carry, and thus include the Dedicated Control 

Channel (DCCH), Common Control Channel (CCCH), 

Dedicated Traffic Channel (DTCH), Common Traffic Channel 

(CTCH), Broadcast Control Channel (BCCH) and the Paging 

Control Channel (PCCH).  

•The MAC layer performs scheduling and mapping of logical 

channel data onto the transport channels provided by the 

physical layer.  

Department of Telecommunication, MUET UET Jamshoro                                  96 

Spread Spectrum Communications                                                    Dr. Abdul Latif 



Layer 2: The Medium Access Protocol 

•Also, for common transport channels, the MAC layer adds 

addressing information to distinguish data flows intended for 

different handsets.  

•One major difference to GSM is the possibility to dynamically 

switch one logical channel (data flow) onto different transport 

channel types, e.g. based on the activity of the subscriber. This 

is called channel type switching.  
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Layer 2: Radio Link Control Protocol 

•The Radio Link Control (RLC) protocol (Layer 2) operates in 

one of three modes:  

transparent,  

unacknowledged or  

acknowledged mode.  

•It performs segmentation/re-assembly functions and, in 

acknowledged mode, provides an assured mode delivery service 

by use of retransmission. RLC provides a service both for the 

RRC signaling (the Signaling Radio Bearer) and for the user 

data transfer (the Radio Access Bearer).  
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Layer 3: Radio Resource Control Protocol 

•The Radio Resource Control (RRC) protocol (Layer 3) 

provides control of the handset from the RNC. 

  

•It includes functions to control radio bearers, physical channels, 

mapping of the different channel types, handover, measurement 

and other mobility procedures.  

 

•Because of the flexibility of the WCDMA radio interface, this 

is a fairly complex protocol.  

 

Department of Telecommunication, MUET UET Jamshoro                                  99 

Spread Spectrum Communications                                                    Dr. Abdul Latif 


