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CDMA - Introduction
What is CDMA?

Code Division Multiple Access (CDMA) is a digital cellular technology used for
mobile communication. CDMA is the base on which access methods such as
cdmaOne, CDMA2000, and WCDMA are built. CDMA cellular systems are deemed
superior to FDMA and TDMA, which is why CDMA plays a crit ical role in building
efficient, robust, and secure radio communication systems.
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A Simple Analogy

Letds take a simple analogy to understand
a few students gathered in a classroom who would like to talk to each other

simu Itaneously. Nothing would be audible if everyone starts speaking at the same

time. Either they must take turns to speak or use different languages to
communicate.

The second option is quite similar to CDMA A students speaking the same
language can understa nd each other, while other languages are perceived as noise
and rejected. Similarly, in radio CDMA, each group of users is given a shared code.
Many codes occupy the same channel, but only those users associated with a
particular code can communicate.

Sali ent Features of CDMA

CDMA, which is based on the spread spectrum technique has following salient

v

features |
1 In CDMA, every channel uses the full available spectrum.

1 Individual conversations are encoded with a pseudo -random digital sequence and then
transmi tted using a wide frequency range.
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1 CDMA consistently provides better capacity for voice and data communications, allowing

more subscribers to connect at any given time.

1 CDMA is the common platform on which 3G technologies are built. For 3G, CDMA uses
1x EV -DO and EV -DV.

Third Generation Standards

CDMA2000 uses Frequency Division Duplexing -Multicarrier (FDD -MC) mode.
Here, multicarrier implies N x 1.25 MHz channels overlaid on N existing 1S -95
carriers or deployed on unoccupied spectr um,.

1 1x A uses a spreading rate of 1.2288 Mcps.

1 3x fi uses a spreading rate of 3 x 1.2288 Mcps or 3.6864 Mcps.

1 1xEV-DO (1x Evolution & Data Optimized) @ uses a spreading rate of 1.2288 Mcps,
optimized for the data.

17 WCDMA/FDD -DS i Wideband CDMA (WCDMA) Frequency Division Duplexing -Direct
Sequence spreading (FDD -DS) mode. This has a single 5 MHz channel. WCDMA uses a
single carrier per channel and employs a spreading rate of 3.84 Mcps.

CDMA Development Group (CDG)

The CDMA Development Group (CDG), founded in December 1993, is an
international consortium of companies. It works together to lead the growth and
evolution of advanced wireless telecommunication systems.

CDG is comprised of service providers, infrastructure ma nufacturers, device
vendors, test equipment vendors, application developers, and content providers. Its
members jointly define the technical requirements for the development of
complementary systems CDMA2000 and 4G. Further, the interoperability with

other emerging wireless technologies are meant to increase the availability of
wireless products and services to consumers and businesses worldwide.

IMT -2000 System
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IMT-DS IMT-MC IMT-TC IMT-SC IMT-FT
(Direct Sequence) (Muiti Carrier) (Time Code) |(Single Carrier) (Frequency Time)
UTRA-TDD
Popular W-CDMA CDMA2000 | TD-CDMA UWC-136 DECT
name TD-SCDMA
Access CDMA-FDD CDMA-FDD | COMA-TDD | TDMA-FDD TDMA-TDD
method
ARIB/TTC ARIB/TTC CWTS
CWTS CWTS ESTI
Organization ESTI T TIA ESTI
Partners TIA
™ TTA TTA
TTA
Bodyof
Technical 3GPP(FDD) 3GPP2 3GPP(TDD) IS-136 DECT
Spec
production cwre

Approved in 2000 as ITU-R M.1457

CDMA - Channels

CDMA channels can be broadly categorized as Forward channel and Reverse
channel. This chapter explains the functionalities of these channels.

Forward Channel

The Forward channel is the direction of the communication or mobile -to-cell
down!| i nk pat h. It includes the foll owing chajnn
1 Pilot Channel T Pil ot channel is a reference channejfl

acquire the time and as a phase reference for coherent demodulation. It is continuously
transmitted by each base station o  n each active CDMA frequency. And, each mobile
station tracks this signal continuously.
f Sync Channel 7 Synchronization channel carries a sing
gives the information about the time and system configuration to the mobile station.
Likewise, the mobile station can have the exact system time by the means of
synchronizing to the short code.
1 Paging Channel T Paging Channel ds main objective i g t
notifications of incoming calls, to the mobile stations. The base st ation uses these pages
to transmit system overhead information and mobile station specific messages.
1 Forward Traffic Channel I Forward Traffic Channels are cpde

assign calls, usually voice and signaling traffic to the individual use

Reverse Channel

rS.
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The Reverse channel is the mobile  -to-cell direction of communication or the uplink
path. 1t consists of the following channel s

1 Access Channel T Access channel i s used by mobi I ¢
communication with the base station or to answer Paging Channel messages. The
access channel is used for short signaling message exchanges such as call -ups,

responses to pages and registrations.

1 Reverse Traffic Channel T Reverse traffic channel i s use
their actual calls to transmit traffic from a single mobile station to one or more base

stations.
| Pilot Channel l
' ISync Channel ]
: 3 |Paging Channel |
Forward Channel /
| CDMA Channels = ,A]IForward Traffic Chm&i
Reverse Channel
= ! Access Channel |
oex | Reverse Traffic Channel l

CDMA - Multiple Access Methods

The possibility to operate in either FDD or TDD mode is allowed for efficient use of
available spectrum according to frequency allocation in different regions.

Frequency Division Duplex

A duplex method w hereby the Uplink and the Downlink transmissions use two
separate frequency bands 1

1 Uplink T 1920 MHz to 1980 MHz
91 Downlink T 2110 MHz to 2170 MHz
1 Bandwidth T Each carrier is |l ocated on the center

Channel Separation

Nominal value of 5 MHz that can be adjusted.

Channel Raster
200 kHz (center frequency must be a multiple of 200 kHz).
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Tx -Rx Frequency Separation

Nominal value of 190 MHz. This value can be either fixed or variable (minimum of
134.8 and maximum of 245.2 MHz ).

Channel Number

The carrier frequency is designated by the UTRA Absolute Radio Frequency
Channel Number (UARFCN). This number is sent by the network (for the uplink
and downlink) on the BCCH logical channel and is defined by Nu =5 * (Frequency
uplink MH z) and ND = 5 * (Frequency downlink MHz).

Time Division Duplex

Time division duplex is a technique by which the Uplink and the Downlink
transmissions are carried over the same frequency by using synchronized time
intervals. The carrier uses a 5 MHz band, a Ithough there is a low chip rate solution

under study by the 3GPP (1.28 Mcps). The available frequency bands for TDD will
be 1900 61920 MHz and 2010 ¢ 2025 MHz.

Duplex Methods of Radio Links
Base Station

Forward link
Reverse link

Mobile Station

In case of Time Division Duplex, the forward link frequency is same as the reverse
link frequency. In each link, signals are transmitted continuousl y in turns
like a ping -pong game.

Forward link (F1) , ’

Reverse link (F1) « r’ , ( Base Station

{ '
Mobile Station
THANKS FOR READING i VISIT OUR WEBSITE
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Example of TDD System

TDD uses a single frequency band for both to transmit and to receive. Further, it
shares the band by assigning alternate timeslots for transmitting and receiving
operations. The information to be transmitted can be voice, video, or computer data
in bit -serial format. Each time interval can be 1 byte long or may be a part of several
bytes.

TDD alternates the transmission and reception station data over time. Timeslots
can be of variable length. Due to the nature of high -speed data, the communicating
parties cannot mean that the transmissions are intermittent. Transmissions that
appear as simultaneous are a  ctually competing each other. Digitally converted into
analog voice, no one can say that it is not a full duplex.

Mobile Station Base Station

Transmitter

[— Transmitter

Receiver

Receiver

Synchronous Switches

In some TDD systems, alternative time in tervals are of same duration or having
both DL and UL; however, the system does not need to be symmetric 50/50. The
system may be asymmetrical as required.

For example, while accessing the Internet, the download speed is usually higher
than the upload spee d. Most of the equipment work on asynchronous mode where
the download speed is higher than the upload speed. When the download speed is
higher than the upload speed, less timeslots are needed for uploading. Some TDD
formats offer dynamic bandwidth allocati on when the number of time intervals or
durations is changed on the fly as needed.

The real advantage of TDD is that it is only a single channel of the frequency
spectrum and it doesnodt require band
intervals take place using timeslots. The disadvantage is that the successful
implementation of TDD requires a timing system. The precise timing to both the
transmitter and the receiver is needed to ensure that the time intervals do not
overlap or interfere with another.
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Timi ng is often synchronized to GPS atomic clock standards specific derivative. The

guard time is also needed between timeslots to avoid duplication. This time is
generally equal to the transmission  -reception processing time (transmission -
reception switching t ime) and the transmission delays (latency) on the
communications channel.

Frequency Division Duplex

In Frequency Division Duplex (FDD), the forward link frequency is not the same as
the reverse link frequency. In each link, signals are continuously transmi tted in
parallel.

Base Station

Forward link (F1)

Reverse link (F2)

Mobile Station

Example of FDD System

FDD requires two symmetrical segments of spectrum for the uplink and downlink
channels.

In a cell phone with a transmitter and receiver, operating simultaneously in such
close proximity, the receiver has to filter as much of the signal from the transmitter
as possible. More separation of the spectrum, the most effective filters.

Mobile Station Base Station
—
YV «———Y
Transmitter = 5P BPF |~ Transmitter
F2
Receiver = BPF B! Receiver
F2

BPF: Band Pass Filter

FDD uses a lot of frequency spectrum, generally twice of the required TDD

spectrum. In addition, there must be adequate spectrum separation between
THANKS FOR READING i VISIT OUR WEBSITE
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transmissionandrec epti on of the channels. These ba
be used, they are unnecessary. Given the scarcity and cost of the spectrum, they
are real disadvantages.

Use of FDD

FDD is widely used in different cellular telephone systems. In some systems, the
band 869 -894 MHz is used as the downlink (DL) spectrum from the cell site tower
to the device. And, the band 824  -849 MHz is used as the uplink (UL) spectrum of
the handset at the cell site.

FDD also works on a cable where transmit and receive channels are given different
parts of the cable spectrum, as in cable TV systems. And, filters are used to keep
the channels separate.

Disadvantage of FDD

The drawback of FDD is that it does not allow special techniques like multiple
antennas, multiple input  -output (M IMO), and beamforming. These technologies are
an essential element of the new strategies Long Term Evolution (LTE) 4G cell phone

to increase the data rate. It is difficult to make broad enough bandwidth to cover

both sets of antenna spectrum. Circuit compl ex dynamic adjustment is required.

Multiple Access Methods

The radio channel is a communication medium shared by several users in a
geographic area. Mobile stations are in competition with one another for the
frequency resource to transmit their informatio n flow. Without other measures to
control concurrent access of several users, collisions can occur. Since collisions are
undesirable for connectionoriented communication such as mobile phones,
personal/mobile subscriber stations need to be allocated the de dicated channels
on request.
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Base Station

Forward link \‘k
l Mobile Station

Mobile Station Mobile Station Mobile Station

The mobile communication, sharing wireless resources on all users, must be
communicated to identify the user. While iden tifying the user, it is referred to as
"multiple access" (Multiple Access) that is receiving a radio wave of a number of
transmitting stations in a receiving station (as shown in the following image).

FDMA - Technology

Frequency Division Multiple Access (FDMA) is one of the most common analogue
multiple access methods. The frequency band is divided into channels of equal
bandwidth so that each conversation is carried on a different frequency (as shown
in the figure below ).

FDMA Overview

In FDMA method, guard bands are used between the adjacent signal spectra to
minimize crosstalk between the channels. A specific frequency band is given to one

person, and it will received by identifying each of the frequency on the receivi ng
end. It is often used in the first generation of analog mobile phone.
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Advantages of FDMA

As FDMA systems use low bit rates (large symbol time) compared to average delay
spread, it offers the following advantages

1 Reduces the bit rate information and the use of efficient numerical codes increases the
capacity.

1 Itreduces the cost and lowers th e inter symbol interference (ISI)

1 Equalization is not necessary.

1 An FDMA system can be easily implemented. A system can be configured so that the
improvements in terms of speech encoder and bit rate reduction may be easily

incorporated.

! Since the transmiss ion is continuous, less number of bits are required for

synchronization and framing.

Disadvantages of FDMA

Although FDMA offers several advantages, it has a few drawbacks as well, which

v

are | isted bel ow 1

1 It does not differ significantly from analog system s; improving the capacity depends on

the signal -to-interference reduction, or a signal  -to-noise ratio (SNR).
1 The maximum flow rate per channel is fixed and small.

1 Guard bands lead to a waste of capacity.

1 Hardware implies narrowband filters, which cannot be realized in VLSI and therefore

increases the cost.
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TDMA - Technology

Time Division Multiple Access (TDMA) is a digital cellular telephone communication
technology. It facilitates many users to share the same frequency without
interference. Its technology  divides a signal into different timeslots, and increases
the data carrying capacity.

TDMA Overview

Time Division Multiple Access (TDMA) is a complex technology, because it requires
an accurate synchronization between the transmitter and the receiver. TDMA is
used in digital mobile radio systems. The individual mobile stations cyclically
assign a frequen cy for the exclusive use of a time interval.

In most of the cases, the entire system bandwidth for an interval of time is not
assigned to a station. However, the frequency of the system is divided into sub -
bands, and TDMA is used for the multiple access in each sub -band. Sub -bands are
known as carrier frequencies . The mobile system that uses this technique is
referred as the multi -carrier systems

In the following example, the frequency band has been shared by three users. Each
user is assigned definite  tim eslots to send and receive data. In this example,
user 0 Bsends after user 0 A andl user 6 Csends thereafter. In this way, the peak
power becomes a problem and larger by the burst communication.

)

IS

)
A &
A )

‘(\

C

s

Time

FDMA and TDMA

This is a multi -carrier TDMA system. A 25 MHz frequency range holds 124 single
chains (carrier frequencies 200) bandwidth of each kHz; each of these frequency
channels co ntains 8 TDMA conversation channels. Thus, the sequence of timeslots
and frequencies assigned to a mobile station is the physical channels of a TDMA
system. In each timeslot, the mobile station transmits a data packet.
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The period of time assigned to a time  slot for a mobile station also determines the
number of TDMA channels on a carrier frequency. The period of timeslots are
combined in a so -called TDMA frame. TDMA signal transmitted on a carrier
frequency usually requires more bandwidth than FDMA signal. D ue to the use of
multiple times, the gross data rate should be even higher.

Advantages of TDMA
Here is a |ist of few notable advantages of

1 Permits flexible rates (i.e. several slots can be assigned to a user, for example, each time
interval translat es 32Kbps, a user is assigned two 64 Kbps slots per frame).

1 Can withstand gusty or variable bit rate traffic. Number of slots allocated to a user can
be changed frame by frame (for example, two slots in the frame 1, three slots in the
frame 2, one slotin  the frame 3, frame 0 of the notches 4, etc.).

1 No guard band required for the wideband system.
1 No narrowband filter required for the wideband system.

Disadvantages of TDMA

The di sadvantages of TDMA are as follow T
1 High data rates of broadband systems requir e complex equalization.

1 Due to the burst mode, a large number of additional bits are required for synchronization

and supervision.

1 Call time is needed in each slot to accommodate time to inaccuracies (due to clock
instability).

1 Electronics operating at high bit rates increase energy consumption.

1 Complex signal processing is required to synchronize within short slots.

CDMA - Technology

Code Division Multiple Access (CDMA) is a sort of multiplexing that facilitates
various signals to occupy a single transmission channel. It optimizes the use of

available bandwidth. The technology is commonly used in ultra -high -frequency
(UHF) cellular telephone systems, bands ranging between the 800 -MHz and 1.9 -
GHz.

CDMA Overview
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Code Division Multi ple Access system is very different from time and frequency
multiplexing. In this system, a user has access to the whole bandwidth for the
entire duration. The basic principle is that different CDMA codes are used to
distinguish among the different users.

Techniques generally used are direct sequence spread spectrum modulation (DS -
CDMA), frequency hopping or mixed CDMA detection (JDCDMA). Here, a signal is
generated which extends over a wide bandwidth. A code called spreading code is
used to perform this ac tion. Using a group of codes, which are orthogonal to each
other, it is possible to select a signal with a given code in the presence of many

other signals with different orthogonal codes.

How Does CDMA Work?

CDMA allows up to 61 concurrent users in a 1.22 88 MHz channel by processing
each voice packet with two PN codes. There are 64 Walsh codes available to
differentiate between calls and theoretical limits. Operational limits and quality

issues will reduce the maximum number of calls somewhat lower than th is value.

In fact, many different "signals" baseband with different spreading codes can be
modulated on the same carrier to allow many different users to be supported. Using

different orthogonal codes, interference between the signals is minimal. Conversel Y,
when signals are received from several mobile stations, the base station is capable

of isolating each as they have different orthogonal spreading codes.

The following figure shows the technicality of the CDMA system. During the
propagation, we mixed the  signals of all users, but by that you use the same code
as the code that was used at the time of sending the receiving side. You can take
out only the signal of each user.
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CDMA Capacity

The factors deciding the CDMA capacity ar

1 Processing Gain

1 Signal to Noise Ratio

1 Voice Activity Factor

1 Frequency Reuse Efficiency

Capacity in CDMA is soft, CDMA has all users on each frequency and users are
separated by code. This means, CDMA operates in the presence of noise and
interference.

In addition, neighboring cells use the same frequencies, which means no re -use.
So, CDMA ca pacity calculations should be very simple. No code channel in a cell,
multiplied by no cell. But it is not that simple. Although not available code channels

are 64, it may not be possible to use a single time, since the CDMA frequency is

the same.

Centrali zed Methods

1 The band used in CDMA is 824 MHz to 894 MHz (50 MHz + 20 MHz separation).
1 Frequency channel is divided into code channels.

1 1.25 MHz of FDMA channel is divided into 64 code channels.

Processing Gain

—(
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CDMA is a spread spectrum technique. Each data bit is spread by a code sequence.
This means, energy per bit is also increased. This means that we get a gain of this.

P (gain) = 10log (W/R)

W is Spread Rate

R is Data Rate

For CDMA P (gain) = 10 log (1228800/9600) = 21dB

This is a gain factor and the ac  tual data propagation rate. On an average, a typical
transmission condition requires a signal to the noise ratio of 7 dB for the adequate
quality of voice.

Translated into a ratio, signal must be five times stronger than noise.
Actual processing gain = P ( gain) - SNR

=21 67=14dB

CDMA uses variable rate coder

The Voice Activity Factor of 0.4 is considered = -4dB.

Hence, CDMA has 100% frequency reuse. Use of same frequency in surrounding
cells causes some additional interference.

In CDMA frequency, reuse efficiency is 0.67 (70% eff.) = -1.73dB

Advantages of CDMA

CDMA has a soft capacity. The greater the number of codes, the more the number
of wusers. It has the following advantages 1T

1 CDMA requires a tight power control, as it suffers from near -far effect. In other words, a
user near the base station transmitting with the same power will drown the signal latter.

All signals must have more or less equal power at the receiver

1 Rake receive rs can be used to improve signal reception. Delayed versions of time (a chip
or later) of the signal (multipath signals) can be collected and used to make decisions at
the bit level.

1 Flexible transfer may be used. Mobile base stations can switch without ch anging
operator. Two base stations receive mobile signal and the mobile receives signals from

the two base stations.

T f Transmission Burst T reduces interference.
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Disadvantages of CDMA

The disadvantages of wusing CDMA are as f ol

1 The code length must be ¢ arefully selected. A large code length can induce delay or may
cause interference.

1 Time synchronization is required.
1 Gradual transfer increases the use of radio resources and may reduce capacity.

1 As the sum of the power received and transmitted from a base station needs constant
tight power control. This can result in several handovers.

CDMA - Network

CDMA Network is the system meant to regulate CDMA techn ology. It includes all
aspects and functionality starting from the base station, transmitting antenna,
receiving antenna, to mobile switching centers.

CDMA Network Overview

A base station is an essential element of the CDMA network. A base station covers

a small geographical area called a  cell . A cell may be omnidirectional or sectoral.
Each base station has a transmitting antenna and two receiving antennas for each

cell. Two receiving antennas are used per cell for the purpose of spatial diversity
In many applications, it is a BSC (Base Station Controller), which controls several
base stations.

As the rate of the mobile phone data is either 13kbps or 8kbps, which is nonISDN,
but the switches which are the mobile switching center (MSC) are generally
switched to 64 kbps. Therefore, before it is switched, it is necessary to convert this
mobile data rates to 64 kbps. This is accomplished by a member, which is
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the transcoder . The transcoder may be a separate element or it can be collocated
in each base station or MSC.

All base stations are connected to the MSC, which is the m obile switching center.
MSC is the entity that manages the establishment, connection, maintenance, and
disposal of calls within the network and also with the outside world.

MSC also has a database called HLR/AC, which is a home location
register/authentication center. HLR is the dat abase, which maintains the database
of all network subscribers. AC Authentication Centre is the part of the security of

the HLR, which some algorithms to examine mobile phones.

The MSC is connected to the outside world, i.e. the fixed line network. MSC can
also be connected to several other MSCs.

CDMA Identities

Net work Il dentities 1

1 SID (System Identity)
1 NID (Network Identity)

Mobile Station I dentities T

ESN (Electronic Serial Number)

Permuted ESN

IMSI_S

il
il
1 IMSI (International Mobile Station Identity)
|l
T IMSI_11_ 12

ll

Station Class Mark

System and Network Identity

A base station is a member of a cellular system and a network. A network is a
subset of a system. The systems are installed with an identification
called Identification System (CIS). The networks with a sys tem receiving
is Network identification (NID). It is a uniquely identified network pair of (SID,
NID). The mobile station has a list of one or more home (non -roaming) pairs (SID,
NID).
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SID

A system identification indicator 15 bits (SID) is stored in a mobi le station. It is
used to determine the host system of the mobile stations. The bit allocation of the
system identification indicator is shown below.

14 Bit 13 Bit 12 Bit 0 Bit

INTL CODE SYSTEM NUMBER

The distribution of international codes (INTL) (bits 14 and 13) is also shown in the

table. Bits 12 -0 is assigned to each US system by the FCC for non -US countries.
The bit allocation will be made by local regulatory authorities.
NID

NID has a range of 0 -65535 reserved values. Value of 65535 in a SID means, NID
pair is to indicate that the Mobile Station considers the entire SID as home.

65535 0

SYSTEM NUMBER

Systems and Networks

A mobile stat ion has a list of one or more home (non  -roaming) pairs (SID, NID). A
mobile station is roaming when the base station broadcast (SID, NID) pair does not
match with one of the non  -roaming mobile stations (SID, NID) pairs.

A mobile station is a foreign NIDro amer 1

1 if the mobile station is roaming and there are some (SID, NID) pair in the mobile stations
(SID, NID) list that corresponds to SID.

1 if the mobile station is roaming and there are some (SID, NID) pair in the mobile stations

(SID, NID) list for which  no matching SID is available (means a mobile station has
roaming customer foreign SID).

Electronic Serial Number (ESN)

ESN is a 32 -bit binary number that uniquely identifies the mobile station in a

CDMA cellular system. It should be set at the factory and cannot be easily changed

in the field. Changing the ESN will require special equipment, not normally
available to subscribers. The bit allocat:i
31 Bit 24 Bit 23 Bit 17 Bit 18 Bit 0 Bit
MFR CODE RESERVED VALUE SERIAL NUMBER

THANKS FOR READING i VISIT OUR WEBSITE
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The circuit that provides the ESN must be isolated so that no one can contact and
tamper. Attempts to change the ESN circuit should make the mobile station
inoperative. At the time of the issuance of the initial acceptance, the manufacturer

must be assig ned a code Manufacturers (MFR) in the eight most significant bits
(bits 31 -24 bits) 32 -bit serial number. Bits 23  -18 are reserved (initially zero). And,
every manufacturer only allocates 17 bits to 0. When a manufacturer has used
almost all possible combin  ations of serial numbers in bits 17 -0, the manufacturer
may submit a notification to the FCC. The FCC will assign the next sequential
binary number in the reserve block (bits 23 through).

Permuted ESN

CDMA is a spread spectrum technique where multiple user s to access the system

at the same example in a cell, and of course on the same frequency. Therefore, it
discriminates the users on the reverse link (i.e. information from MS to the base

station). It spreads information using codes that are unique to the m obile statio
in all the CDMA cellular systems. This code has an element that is the ESN, but it
doesndt use the ESN in the same for mat

If there are two mobiles in a cell of the same brand and have consecutive serial
number s and for the receiver of the base station, it becomes difficult to connect
them. Therefore, to avoid a strong correlation between the long codes corresponding
to successive ESN, we use permuted ESNSs.

International Mobile Station Identity (IMSI)

Mobile stations are identified by the identity of the international mobile station
Identity (IMSI). The IMSI consists of up to 10 to 15 numeric digits. The first three
digits of the IMSI are the country code of the mobile (MCC), the remaining digits
are th e National NMSI mobile station identity. The NMSI consists of the mobile
network code (MNC) and the mobile station identification number (SIDS).

MCC MSN MSIN
NMSI

| MSI 015 digits

1 MCC: Mobile Country Code

1 MNC: Mobile Network Code
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1 MSIN: Mobile Station Identification
1 NMSI: National Mobile Station Identity

An IMSI that is 15 digits in length is called a class 0 IMSI (NMSI is the 12 digits in
length). IMSI, which is less than 15 digits in length, is called a class 1 IMSI (NMSI
the leng th is less than 12 counts). For CDMA operation, the same IMSI may be
registered in multiple mobile stations. Individual systems may or may not allow
these capabilities. The management of these functions is a function of the base
station and the system oper ator.

CDMA - Techniques
Rake Receliver

Due to the reflection on the challenges of a broadband, radio channel can consists

of many copies (multipath), signals originally transmitted with different amplitude,

phase, and delay. If the signal components arrive over a chip period of each other,
a rake receiver may be used to adjust and combine. The Rake receiver uses a
principle of diversity through multiple paths. The figure given below shows the Rake
receiver scheme.

Correlators
\_, Delay T, Finger 1
o il
/--——'- = “--\ Signal out
<—-> Delay 1, —b® N\L/ >
< e _——'—/ V\
Signal . . MRC
from . . Combiming
Channel

(

v

Delay 1,,

-_‘1,/ Finger M

The Rake receiver processes several multipath signals components. The correlator
outputs are combined to achieve better reliability and communication performance.
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Bit decision on the basis of a single ¢ orrelation can produce a large bit error rate
as multipath component processed by the fact that the correlator can be damaged

by discoloration. If the output of a correlator is corrupted by fading, the other
cannot be, and the corrupt signal can be reduced by the weighting process.

Walsh Code

Walsh Codes are most commonly used in the orthogonal codes of CDMA
applications. These codes correspond to lines of a special square matrix called the
Hadamard matrix. For a set of Walsh codes of length N, it consists of n lines to form

a square matrix of n x n Walsh code.

The IS -95 system uses 64 Walsh function matrix 64. The first line of this matrix
contains a string of all zeros with each of the following lines containing different
combinations of bit 0 and 1. Each line is orthogonal and equal represent ation for
binary bits. When implemented with the CDMA system, each mobile user uses one

of the 64 sequences of rows in the matrix as a spreading code. And, it provides zero

cross -correlation among all the other users. This matrix is defined recursively as
foll ows T

Where n is a power of 2 and indicates the different dimensions of the matrix W.
Further, n represents the logic NOT operation on all bits in this matrix. The three
matrices W2, W4, and Ws, respectively show the Walsh function for the dimension
2,4, and 8.

00000000
01010101

0 0 0 0] b0 Y% 0 0 ) A

> hiied » | E & q oy EEEeitED
"“lo1] Peloor 1] W oooo011 11
0 11 0 010110710
00111100

011010011

Each line of the 64 Walsh matrix 64 corresponds to a channel number. The channel
number 0 is mapped to the first row of the Walsh matrix, which is the code of all
zeros. This channel is also known as the pilot channel and is used to form and to
estimate the impulse re  sponse of a mobile radio channel.
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To calculate the cross -correlation between the sequences, we will need to convert
the bits into the matrix to form the antithesis of = 1 values. However, all users on

the same CDMA channel can be synchronized with an accur acy of one chip interval
using a common long PN sequence. It also functions as a data scrambler.

1 Walsh Code is a group of spreading codes having good autocorrelation properties and
poor cross correlation properties. Walsh codes are the backbone of CDMA sys tems and

are used to develop the individual channels in CDMA.
1 For IS -95, there are 64 codes available.
o Code 006 is used as the pilot and code "~ 32¢

o Codes 1 through 7 are used for control channels, and the remaining codes are
available for traffic channels. Codes 2 to 7 are also available for traffic channels

if they are not needed.

1 For cdma2000, multitude of Walsh codes exist, which vary in length to accommodate

the different data rates and Spreading Factors of the different Radi o Configurations.
1 One of the 64 orthogonal bit pattern at a rate of 1.2288 Mcps.

1 Walsh codes are used to identify the data for each individual transmission. In the

forward link, they define forward code channels within a CDMA frequency.
1 Inthe reverse link , all 64 codes are used by each reverse channel to carry information.

Take a look at the following illustration. It shows how multiplexing is carried out
using Walsh Code.
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CDMA - Spread Spectrum
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All technical modulation and demodulation strive for greater power and/or
efficiency of bandwidth in a white Gaussian additive stationary noise channel.
Since bandwidth is a limited resource, one of the primary design goals of all the
modulation schemes is  to minimize the bandwidth required for transmission. On
the other hand, spread spectrum techniques use a transmission bandwidth that is
order of the magnitude greater than the bandwidth required the minimum signal.

The advantage of spread spectrum techniq ue is that A many users can
simultaneously use the same bandwidth without interfering with each other.
Therefore, spread spectrum is not economic when the number of users is less.

1 Spread spectrum is a form of wireless communications in which the frequency of the
transmitted signal is deliberately varied resulting higher bandwidth.

1 Spread -spectrum is apparent in the Shannon and Hartley channel -capacity theo
C=Bxlog.(1+S/N)

T I'n the given equation, ~C6 is the ch),avhichéslthe c ap g
maximum data rate for a theoretical bit -error rate (BER) . 6B6 is the req
bandwidth in Hz, and S/N is the signal -to-noise power ratio.

1 Spread spectrum uses wideband, noise  -like signals that are hard to detect, intercept, or

demodulate. Additionally, spread -spectrum signals are harder to jam (interfere with)

than narrow band signals.

1 Since spread -spectrum signals are so wide, they transmit at a much lower spectral power

density, measured in watts per hertz, than narrow band transm itters. Spread -spectrum

and narrowband signals can occupy the same band, with little or no interference. This
capability is the main attraction for all the interest in spread spectrum today.

Points to Remember T

1 The transmitted signal bandwidth is greater than the minimal information bandwidth,

which is needed to transmit the signal successfully.

1 Some function other than the information itself is normally employed to determine the

resultant transmitted bandwidth.

Following are the two types of spread spectr um techniques T

1 Direct Sequence and
1 Frequency Hopping.
Direct Sequence is adopted by CDMA.
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Direct Sequence (DS)

Direct Sequence Code Division Multiple Access (DS -CDMA) is a technique to
multiplex users by different codes. In this technique, the same bandwidth is used

by different users. Each user is assigned with one its own spreading code. These
setsofcodesared i vi ded into two classes 1

1 Orthogonal Codes and
1 Non-Orthogonal Codes

Walsh sequences come into the first category which is Orthogonal Codes whereas
other sequences i.e. PN, Gold, and Kasami are shift register sequences.

4 user data

~ower
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Modulation laia rate
(primary modulation)

>

. : spreading sequence
Base.band = {spreading coda)
Frequency g | AL o =

| <
23 *
v TE U Ul |
5% °> 4 \
zZ< a8 /110110100
ao L2l
c
Q
o
< - e LIS UTLS - —-
X
"

Radio Tx
Frequency

Orthogonal codes are assigned to the users, the output of the correlator in the
receiver will be zero except the desired sequence. In synchronous direct sequence,

the receiver receives the same code sequence which was transmitted so that there
is no time shift between the users.

Demodulating DS Signals -1
In order to demodulate DS signals, you need to know the code that was used at the
time of transmission. In this example, by multiplying the co de used in the

transmission to the reception signal, we can get the transmitted signal.

In this example, multiple codes were used at the time of transmission (10,110,100)
to the received signal. Here, we have calculated by using the law of two additives
(Modulo 2 Addition). It is further demodulated by multiplying the code that was
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used at the time of this transmission, called the reverse diffusion  (de-spreading).
In the diagram given below, it can be seen that during the transmission of the data
to the nar row band (Narrow Band) spectrum, the spectrum of the signal is dispread.

85 received signal z
ao H
TR e
10110100 01001011 10110100
spreading sequence 3‘r 8100
e — ——— /-fb (spreading code) {304
. [ W ) @————
Radio V) I ‘ |
Frequency |
vou can findthe
spreadingtiming ‘ .
which givesthe '
maximum detected 10110100 10110100 10910100 ——
power, and
M | gatharing ansrgy ' l—ﬂJU—ﬂ f
= ,1 [N
Accumulate for Friae : =
onRhk cenelion 00000000 111111111 DO0OCO0D + <
Demodulated data
Basa.band 0 ! 0
Frequency

Demodul ating DS Signals T 2

On the other hand, if you do not know the code t hat was used at the time of
transmission, you will not be able to demodulate. Here, you are trying to
demodulation in the code of different (10101010) and the time of transmission, but

it has failed.

Even looking at the spectrum, it is spreading during the time of transmission. When
it is passed through a band -pass filter (Band Path Filter), only this small signal
remains and these are not demodulated.
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received signal
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Features o f Spread Spectrum

As shown in the following figure, the power density of Spread Spectrum signals
could be lower than the noise density. This is a wonderful feature that can keep
the signals protected and maintain privacy.

o 2
B
L0
A Nolee
[t ] .
Radio ' Base-band
o Fraquency s Frequency Frequency
- .
H :
: : With correct code
transmitted SS-signal /| receivedsignal | de- g:g::g g:;'::e':’(y"
\\J/,l modulator SR
I With incorrect code 5 2
Noise (or carrier frequency), LR
SS-signal itself a0
cannot be detected. ~
- , m— () >
They cannot perceive the existence of communication, because Base-band
of signal behind the noise. Frequency

By spreading the spectrum of the transmitted signal, one can reduce its power
density such that it becomes less than the power density of the noise. In this way,

it is possible to hide the signal in the noise. It can be demodulated if you know the
code tha t was used to send the signal. In case the code is not known, then the
received signal will remain hidden in the noise even after the demodulation.
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DS-CDMA

DS code is used in CDMA. So far, it has been explained basic part of the spread
spectrum communicati  on. From here, we will explain how Direct Sequence Code
Division Multiple Access (DS -CDMA) works.

The signal which is spread spectrum, can be demodulated only by a code used for
transmission. By using this, the transmission signal of each user can be ident ified
by the separate code when it receives the signal. In the given example, the spread

signal of the user A at the code A, and diffused signal of user B at code B. Each of

the signal when it receives are mixed. However, by the inverse diffuser
(Despreadd er), it identifies the signal of each user.

DS-CDMA System - Forward Link

Fraq
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|
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L ]I

>
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PF T ek oreader
Data 8\)(59 s B \ | Despreader | L s pataB

7 = [T = A TS (- T
Code B . MS-B Code B Y,

N

Difference between each communication path is only the spreading code

DS-CDMA System - Reverse Link
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Difference between each communication path;s only the spreading code

Spreading Code

Cross -Correlation

Correlation is a method of measurement of how precisely a given signal matches
with a desired code. In CDMA technology, each user is assigned with a different
code, the code which is being assigned or chosen by the user is very important to
modulate the signal because it is related to the performance of the CDMA system.

One will get best p erformance when there will be clear separation between the
signal of desired users and signals of the other users. This separation is made by
correlating the desired signal code which was locally generated and other received
signals. If the signal matches with the code of the user, then the correlation
function will be high and the system can extract that signal. If the user's desired

code has nothing in common with the signal, the correlation should be as close to

zero as possible (thus eliminating the sig nal); also known as cross correlation. So,
there is a self-correlation (Self-Correlation) and  cross -correlation (Cross-
Correlation).

Properties of self -correlation and code are shown in the diagram given below where
correlation between spdrepdiemagi ogdeodAd dBO
example, the calcul ated correlation of spre
spreading code 6Bd (1010100111001001) is gqgi
below example, the result has come to 6/16.
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Spreading Code A Spreading Code A

1001110001101 00 1 101011u9_01101001J»
S oneuaEnTOUTRIOT

one data it duration

+

Spreading Code A Spreading Code B
1010110001101 00 f (1010100111001 01 1
0000000000000 000 «— 000001011010001 0 «—

Self-Correlation Cross-Correlation

for each code is 1. between Code A and Code B = 6/16

Preferable Codes

Preferable code is used in CDMA. There are different codes that can be used

depending on the type of a system of CDMA.

1 Synchronous (Synchronous) System and
1 Asynchronous (Asynchronous) System.

In a synchronous system, orthogo nal codes (Orthogonal Code) can be used. In
asynchronous system for this, such as pseudo -random code (Pseudo -random
Noise) or Gold code is used.

In order to minimize mutual interference in DS -CDMA, the spreading codes with
less cross -correlation should be  chosen.

Synchronous DS -CDMA

1 Orthogonal Codes are appropriate. (Walsh code etc.)

Asynchronous DS -CDMA

1 Pseudo-random Noise (PN) codes/Maximum sequence
1 Gold Codes
Synchronous DS -CDMA

Synchronous CDMA Systems are realized in Point to Multi -point Systems. For
example, Forward Link (Base Station to Mobile Station) in Mobile Phone.
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Forward Link
(Down Link)
Synchronous Chip Timing
x VLT LTI
= LITHTH] )

Signal for B Station
(after re-spreading)

Synchr onization system is used in one  -to-many (Point to Multipoint) systems. For
example, at a given time, in a mobile communication system, a single base station
(BTS) can communicate with multiple cell phones (forward link/downlink).

In this system, a transmis sion signal for all the users can communicate in
synchronization. Means, "Synchronization" on this point is a sense that can be sent

to align the top of each user signal. In this system, it is possible to use orthogonal
codes and it is also possible to red  uce mutual interference. And orthogonal codes,
it is the sign, such as cross  -correlation i.e. 0.

Asynchronous DS -CDMA
In asynchronous CDMA system, orthogonal codes have bad cross -correlation.

Reverse Link

(Up Link) Asynchronous Chip

1] ]‘Inl"ng 1 1] '

A— i H L

3 Big Mererence )

& B (T (7o (-
Signal for B Station E

(after re-soreadina) Signals from Aand B

are interfering each

other.

Unlike the signal from the base station, the signal from the mobile station to the
base station, becomes the asynchronous system.

In an asynchronous system, somewhat mutual interference increases, but it uses
the oth er codes such as PN code or Gold code.

Advantages of Spread Spectrum

Since the signal is spread over a wide frequency band, the power spectral density
becomes very low, so other communication systems do not suffer from this kind of
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communication. However, the Gaussian noise increases. Given below is a list of a
few major advantages of Spread Spectrum T

1 Multipath can be agreed with, as a large number of codes can be generated, allowing a
large number of users.

1 In spread spectrum, there is no limit of users w hereas there is limitations of users in
FDMA technology.
1 Security T without knowing the spreading codse

transmitted data.

1T Descending rejection 1T as |l arge bandwidth is y§se
deformation.
PN Sequence
The DS-CDMA system uses two types of spreading sequences, i.e., PN

sequences and orthogonal codes . As mentioned above, the PN sequenc is
generated by the pseudo -random noise generator. It is simply a binary linear
feedback shift register, consisting of XOR gates and a shift register. This PN
generator has the ability to create a sequence identical for both the transmitter and
the receiver, and retaining the desirable properties of the noise randomness

bit sequence

A PN sequence has many features such as having an almost equal number of zeros

and ones, very low correlation between shifted versions of t he sequence, and very
low cross -correlation with other signals such as interference and noise. However,

it is able to correlate well with itself and its inverse. Another important aspect is

the autocorrelation of the sequence as it determines the ability t 0 synchronize and
lock the spreading code for the received signal. This fight effectively effects the
multiple interference and improves the SNR. M -sequences, Gold codes, and Kasami
sequences are the examples of this class of sequences.

1 A Pseudo-random Noi se (PN) sequence is a sequence of binary numbers, e.g. 1, which

appears to be random; but it is in fact, perfectly deterministic.
1T PN sequences are used for two types of PN spre
o Direct Signal Spread Spectrum (DS  -SS) and
o Frequency Ho p spread Spectrum (FH -SS).
91 f 6ud uses PSK for modul ating iSB.e PN sequence

91 f 6ud uses FSK for modul ating iSB.e PN sequence

www.educatererindia.com

ad


http://www.educatererindia.com/

COMPILED BYGAUTAM SINGH STUDY MATERIAITELCOM 0 7830294949

Frequency Hopping Technology

Frequency hopping is a spread spectrum in which the propagatio n takes place by
hopping in frequency over a wide band. The precise order in which the break occurs

is determined by a hopping table generated by using a pseudo -random code
sequence.

Hopping rate is a function of the speed information. The order of frequen cies is
selected by the receiver and is dictated by the pseudo -random noise sequence.
Although the transmission of a frequency hopping signal spectrum is quite different

from that of a direct sequence signal, it suffices to note that the data is distribute d

over a signal band is larger than necessary to carry. In both the cases, the resulting
signal will appear as noise and the receiver uses a similar technique, which is used
in the transmission to recover the original signal.

CDMA - Fading

In wireless communications, fading is the deviation of the signal attenuation
affecting a certain propagation media. Discoloration may vary with time, the
geographical position or frequency of the radio, which is often modeled as a random
process. A fading channel is a communication channel experiencing fading.

Multipath Fading

In wireless systems, fading can be either due to multipath, called as multipath
fading or due to shadowing from obstacles affecting the wave propagation, known
as shadow fading . Here in this chapter, we will discuss how multipath fading
affects the reception of signals in CDMA.
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Fading in CDMA System

CDMA systems use a signal fast chip rate for spreading the spectrum. It has a high
time resolution, due to which it receives a different signal from each path

separately. The RAKE receiver prevents signal degradation by summing all the
signals.

Because CDMA has high time  -resolution, different paths delay the CDMA signals,
which can be discriminated. Therefore, energy from all paths can be summed by
adjusting their phases and path delays. This is a principle of RAKE receiver. By
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