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Types of Spread Spectrum

◼ Frequency Hopping Spread Spectrum (FHSS)

◼ First type developed

◼ Direct Sequence Spread Spectrum (DSSS)

◼ More recent technology
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Frequency Hopping SS

◼ Signal is broadcast over seemingly random 
series of radio frequencies
◼ A number of channels allocated for the FH signal

◼ Width of each channel corresponds to bandwidth 
of input signal

◼ Signal hops from frequency to frequency at 
fixed intervals
◼ Transmitter operates in one channel at a time

◼ Bits are transmitted using some encoding scheme

◼ At each successive interval, a new carrier 
frequency is selected
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Frequency Hopping SS

Source: http://murray.newcastle.edu.au/users/staff/eemf/ELEC351/SProjects/Morris/types.htm
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Frequency Hopping SS

◼ Hopping Sequence

◼ Channel sequence dictated by spreading code

◼ Pseudorandom number serves as an index into a table of 
frequencies



Frequency Hopping Spread 
Spectrum
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Frequency Hopping SS

◼ Receiver, hopping between frequencies in 
synchronization with transmitter, picks up 
message

◼ Advantages

◼ Eavesdroppers hear only unintelligible blips

◼ Attempts to jam signal on one frequency succeed 
only at knocking out a few bits
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Direct Sequence SS

◼ Spectrum spreading is achieved by 
multiplying the data sequence by a PN code 
which has much higher rate than the data 
rate.

◼ The resulting spectrum is much wider that 
the data spectrum.
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Direct Sequence SS

Source: http://www.sss-mag.com/primer.html

Source: http://murray.newcastle.edu.au/users/staff/eemf/ELEC351/SProjects/Morris/types.htm
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Direct Sequence SS



Direct Sequence Spread Spectrum



11

Processing Gain

◼ Unique property of a spread specturm
system

◼ Process gain = Tsymbol / Tchip

=Chip-rate/Symbol rate

◼ Used to measure the amount of 
reduction of the Intereference power 
achieved by the system.
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Code-Division Multiple Access
(CDMA)

◼ Each user’s data is spread using a different PN code.

◼ All users spread signals are transmitted in the same 
channel.

◼ The receiver uses the his own PN code to uniquely detect 
his data while the other users signals will appear as wide-
band interference similar to Gaussian.
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CDMA for DSSS
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CDMA Example

◼ User A code = <1, –1, –1, 1, –1, 1>
◼ To send a 1 bit = <1, –1, –1, 1, –1, 1>

◼ To send a 0 bit = <–1, 1, 1, –1, 1, –1>

◼ User B code = <1, 1, –1, – 1, 1, 1>
◼ To send a 1 bit = <1, 1, –1, –1, 1, 1>

◼ Receiver receiving with A’s code
◼ (A’s code) x (received chip pattern)

◼ User A ‘1’ bit: 6 -> 1

◼ User A ‘0’ bit: -6 -> 0

◼ User B ‘1’ bit: 0 -> unwanted signal ignored
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Characteristics of CDMA cellular systems

◼ Frequency re-use factor = 1 
-Interfering signals from neighboring cells are strongly rejected by the 

de-spreading operation at the receiver (roughly by a factor of G: 

Process gain). This is because de-spreading at the receiver converts 

interfering users signals into noise-like wide-band interference.

-Therefore, no need for different frequencies for neighboring cells.

-Unlike GSM where an interfering signal (from a neighboring cell) on 

the same frequency is equally effective as the desired signal, except 

for path loss effects, therefore needing freq. re-use (usually 9-15).
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Characteristics of CDMA cellular systems

◼ Frequency re-use factor = 1 (Unlike GSM)





◼ Power Control
This is essential for proper operation of CDMA systems so that interference 
is noise-like. Otherwise one strong signal might dominate the receiver 
since they are all at the same frequency.
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Up-Link PC

◼ In up-link PC is vital for proper operation of CDMA systems.

Open Loop power control (PC)

Compensates for large-scale fading (path loss and shadowing). It adjusts 
the target SIR to achieve a desired BER.

Closed loop PC

It must be fast enough to compensate for small-scale fading at the 
designed vehicle speed.

Uses 1.5 KHz sampling rate.
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Down-Link PC

◼ In down-link, PC is not necessary for the CDMA to function since  
all signals are transmitted together from BS with equal power so 
there is no near-far effect.

◼ However it is better to do PC to minimize the interference to 
other cells by sending the minimum power needed for proper 
detection. 

◼ For many cases open loop control is sufficient.

◼ The goal of downlink PC is to minimize total TX power while 
keeping BER above a given threshold.
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Connection Based Function

Power Control

 Prevent Excessive Interference and 
Near-far Effect

 Open-Loop Power Control
⚫ Rough estimation of path loss from 

receiving signal
⚫ Initial power setting, or when no 

feedback channel is exist

 Fast Close-Loop Power Control
⚫ Feedback loop with 1.5kHz cycle to 

adjust uplink / downlink power to its 
minimum

⚫ Even faster than the speed of 
Rayleigh fading for moderate mobile 
speeds

 Outer Loop Power Control
⚫ Adjust the target SIR setpoint in base 

station according to the target BER
⚫ Commanded by RNC

Fast Power Control
If SIR < SIRTARGET, 
send “power up” 
command to MS

Outer Loop Power 
Control
If quality < target, 
increases SIRTARGET
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Connection Based Function

Handover

 Softer Handover

⚫ A MS is in the overlapping coverage 
of 2 sectors of a base station

⚫ Concurrent communication via 2 air 
interface channels

⚫ 2 channels are maximally combined 
with rake receiver

 Soft Handover

⚫ A MS is in the overlapping coverage 
of 2 different base stations

⚫ Concurrent communication via 2 air 
interface channels

⚫ Downlink: Maximal combining with 
rake receiver

⚫ Uplink: Routed to RNC for selection 
combining, according to a frame 
reliability indicator by the base station

 A Kind of Macrodiversity
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RAKE RECEIVER
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RAKE RECEIVER
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Codes in WCDMA
◼ Channelization Codes (=short code)

◼ Used for 

◼ channel separation from the single source in downlink

◼ separation of data and control channels from each other in the uplink

◼ Same channelization codes in every cell / mobiles and therefore the 
additional scrambling code is needed

◼ Scrambling codes (=long code)

◼ Very long (38400 chips = 10 ms =1 radio frame), many codes available

◼ Does not spread the signal

◼ Uplink: to separate different mobiles

◼ Downlink: to separate different cells

◼ The correlation between two codes (two mobiles/Node Bs) is low

◼ Not fully orthogonal



OVSF Codes for WCDMA
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Spreading factor and data rates
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HSDPA

High Speed Downlink Packet Access

 Standardized in 3GPP Release 5

 Improves System Capacity and User Data Rates in the Downlink 
Direction to 10Mbps in a 5MHz Channel



Adaptive Modulation and Coding (AMC)
⚫ Replaces Fast Power Control :

User farer from Base Station utilizes a coding and modulation that requires 
lower Bit Energy to Interference Ratio, leading to a lower throughput

⚫ Replaces Variable Spreading Factor :
Use of more robust coding and fast Hybrid Automatic Repeat Request 
(HARQ, retransmit occurs only between MS and BS)

 HARQ provides Fast Retransmission with Soft Combining and 
Incremental Redundancy
⚫ Soft Combining : Identical Retransmissions
⚫ Incremental Redundancy : Retransmits Parity Bits only

 Fast Scheduling Function
⚫ which is Controlled in the Base Station rather than by the RNC
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