4 CDMA Technique

Objectives:

After this chapter the student will:

* be able to understand concept of DS-CDMA and RA&E&eiver.
* be able to understand soft handover and the negubfeer contrg|.
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4.1 Introduction

Code-division multiple access, CDMA is a spreadctpen
communication system in which multiple users hageeas to the same
frequency band. This chapter will provide an introibon to CDMA and
its concepts

4.2 Access Methods FDMA, TDMA, CDMA, FDD vs. TDD

Frequency Division Multiple Access (FDMA)

In FDMA schemes, the entire available frequencyiisded into bands,
each of which is assigned to a station. FDMA is rabtrised by
continuous access to the terminal/mobile in a gifrequency band. No
co-ordination or synchronisation is required amstagions. Each station
can use its own band without interference. HoweR&1VA is the cause
of waste especially when the load is momentarilguem. When a station
is idle, its share of the bandwidth cannot be usedther stations. FDMA
is also not flexible; adding a new station requagaipment modifications.

CodeA Time

> Freq
FDMA

Advantages
This technique has the advantage of simplicity, iamelies on the use of

proven equipment.

Disadvantages
Lack of flexibility in case of reconfiguration su@s accommodation of

capacity variation.

Time Division Multiple Access (TDMA)

In TDMA schemes, the time is divided into time sloEach time slot is
pre-assigned to a station. During the assigned etmth station is allowed
to transmit freely, and the entire system resoues devoted to the
station. The slot assignments are periodic, anld padod is called a cycle
or a frame. A station could be assigned to onearertime slots during a
cycle. The stations must be synchronised so thah edation knows
exactly when to transmit.
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The major disadvantage of TDMA is the requiremdrt teach station
must have a fixed allocation of channel time whetirenot it has data to
transmit. In most applications transmission requeats are bursty. For
these applications, a fixed allocation of chanmeletto each station is
wasteful of resources.

A

Code
Time

Freq
Picture TDMA

Advantages
At each instant, a single station occupies alll@f thannel bandwidth.

High transmission throughput for a large numbestations. There is no
need to control the transmitting power of the stati Digital processing
leads to operational simplicity. All stations tranis and receive on the
same frequency, this simplifies tuning.

Disadvantages
Synchronisation is needed. The need to dimensian dtation for

transmission at high throughput. Needs costly egeit, however, the
cost can be compensated by better channel utilisatnd hence better
throughput.

Code Division Multiple Access (CDMA)

Neither FDMA nor TDMA allow any time overlap of thetations
transmissions. A conflict-free protocol that allowserlap transmission,
both in frequency division and time division teajunés, is Code Division
Multiple Access (CDMA).

The conflict-free property of CDMA is achieved bysing quasi-
orthogonal signals in conjunction with matchingefis at the receiving
stations. Using multiple orthogonal signals (infatron that does not
interfere  with each other) increases the bandwidéguired for
transmission. CDMA allows the coexistence of sevegstems in the
same frequency bands using different signals. Tng&sson of the code
requires a much greater radio-frequency bandwitties is the reason for
calling it Spread Spectrum transmission. In CDMAcleastation is
assigned a particular code sequence which is mduan the carrier with
the digital data modulated on top of that.
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There are two common forms: 1) frequency-hoppedwiich the
frequency is periodically changing according to sdnown pattern, and
2) phase-coded in which the carrier is phased-nateldiby the digital data
sequence and the code sequence.

Even when several stations employ the same code, efifiect of
interference is minimised by the capture effecticiwhis the ability of the
receiver to lock onto one packet while all otheerapping packets appear
as noise.

A

Code
Time

> Freq
Picture CDMA

Advantages
It is simple to operate since it does not requirgy dransmission

synchronisation between the mobile stations. krsffprotection properties
against interference from other systems.

Disadvantages
The main disadvantage is the low throughput.
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FDD vs. TDD

Freq

» Time

Freq

/ L / /[ Ij

Time

In the frequency division duplex mode, FDD, the r&etion between a
mobile and a basestation will be on separate fregjas in the uplink and
downlink. This means that the mobile will transmiit one frequency and
then receive on another frequency. The FDD modsethmt imply any
specific access method.

In time division duplex, TDD, the connections uglatownlink will be on
only one frequency. The TDD mode those not imply apecific access
method.

4.3 Introduction to Spreading and Modulation

Spread spectrum systems generally fall into onetwsd categories:
frequency hopping (FH) or direct sequence (DS). Hath cases
synchronisation of transmitter and receiver is negli Both forms can be
regarded as using a pseudo-random carrier, butdreate the carrier in
different ways.

Frequency hopping is typically accomplished by dagwitching frequency
in a pseudo-random pattern.

In DS-CDMA spread spectrum refers to power spraadiver a given
transmission bandwidth.
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This is accomplished by spreading the base-barahputata by means of
a high speed pseudo-noise (PN) code called therak#p The composite
data are then modulated and transmitted over the ai

Spectrum spreading can be accomplished by incrgdkin frequency of
the time signal. If we have a waveform with an atodeV and frequency
f (where f = 1/T and is the bit duration) and then increase the frequen
by a factom, T is now reduced by.

A

A/ n:1

Amplitude

n=2

Baseband

Power spectrumforn=1andn=2

The total energy delivered is given by the totalaannder the curve. This
means that the total energy remains the same gftelading and if the
spreading bandwidth is high the amplitude of thgnal will be reduced.
This is called process gain.

Process gain is defined as Gp = 10 log (transnmidsamdwidth / bit rate).
If for example the transmission bandwidth is 2,5 M&hd the bitrate is 1
MHz the process gain would be 3,98 dB. If we insesthe bandwidth to 5
MHz the process gain would be 6,99 dB. This wouldovgle us with an
additional margin of 3 dB margin to help us supprieserference.

If you are not familiar with decibel, dB, 3 dB meatwo times. 3 dB + 3
dB + 3dB means 2 * 2 * 2 equal to 8 times ands0 0

The margin described above is reduced when morarammd users enters
the system since there will be a processing lossef@ry new user
(interferer) that enters the system. Kausers this loss can be described as
Process loss = 10 log)(

The overall system gain is the described by CDM# gaProcess gain —
Process loss due to k users. The formula wouldrheco

CDMA gain = 10 log ( bandwidth / k * bit rate)

where the bandwidth is as described a functiomefchiprate.
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Important to notice is that energy is independérhe frequency and that
the amplitude of the signal will be reduced aftgreading. If the
bandwidth is enough the amplitude will be closéhi® noise level, that is,
the Gaussian “white noise” that we always have ragaus.

In CDMA multiple users uses the same frequencys Toidone with the
help of an m-bit PN generator which providés'aifferent codes. From
these codes each user will have its own code.

H e

UL DS-CDMA

Orthogonal Codes

A pair of codes is said to be orthogonal if thessroorrelation is zero.
This means that for two m-bit codes: x1, x2, ...,and y1, y2, ..., ym the
sum of all m from 1 to m shall be 0. For examphe tross-correlation
between two 4-bits codes:

X=0011
Y=0110
Will be

-1-11 1
-:111 -1

1-1+1-1=0

Direct sequence is multiplication of a more coni@rdl communication
waveform by a pseudonoise (PN) +1 binary sequemteei transmitter.

In reality spreading takes place prior to any matiah, entirely in the
binary domain, and the transmitted signals arefgliydandlimited.
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A second multiplication by a replica of the same sglquence in the
receiver recovers the original signal.

The noise and interference, being uncorrelated whth PN sequence,
become noise-like and increase in bandwidth whewn thach the detector.
The signal-to-noise ratio, SNR, can be enhancedasyowband filtering
that rejects most of the interference power.

In DS-CDMA the data signal (user information) is Itiplied by a PN-
code. The PN code is a sequence of chips (we démeteser information
bits and the spreading bits chips) valued 0 andhk number of chips
within one code is called the period. There exésesal classes PN-codes,
M-sequences, Gold-codes and Kasami-codes for exanhplthe most
simple case a complete PN-code is multiplied witfingle data bit and the
signal is now multiplied by a factor N, the prodegggain.

1 bit period 1 chip period
< > Nl
Data signal
PN-code
] Coded signal

Chips and bits

In the receiver the signal is multiplied by the samN-code which
removes the PN-code and gives us the data signal.

The pseudorandom (PN) sequence generator produdsrasy value

sequence that is used to spread and de-spreadatisenitted signal (data
information) at the modulator/demodulator. The basystem design
parameterare transmitted powesindchannel bandwidth

To overcome the problem of interference we increggmread) the
bandwidth of the data signal that will lead to andbaidth expansion
factor, process gaing = W/R where W is the spread code bandwidth
(chiprate) and R is the data bandwidth (bitrate).

When we use different PN-sequences for each usecan use the same
transmission bandwidth for more than one user.
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User 1—»
Output 1

Spread code
User 2
4@\@—»‘ channel‘—‘ receiveré Output 2

Spread code 2 Output N

User N

Spread code N

Different PN-sequences

Different PN-sequences for each user

If the spreading is done by a different PN-sequdacenany users then it
is called direct sequence code division multipleeas, DS-CDMA

Data 0/1 t
PN code

Spread data
sequence

DS-CDMA principle

If the random code pattern is nearly Gaussianidiged, then we get a
similar signal as thermal noise (white noise). Tivescan simplify and say
that, the interference of the other users is noise.

DS-CDMA uses orthogonal code for spreading and méisation. PN

codes are used to detect each multi-path signat@pitk up the signals
from the desired base station.
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By using much higher rate spreading codes, DS-CDbpkeads the
original information over wide bandwidth and makese of frequency
diversity to combat frequency selective deep fadiijering is essential
in DS-CDMA to reduce the required bandwidth and Bigital filters are
usually used for sharp response.

RAKE receiver

Users in a CDMA cellular environment simultaneoushare the same
radio frequency band and can be separated at tedvee end with the
knowledge of their unique code using a "RAKE"-reeei

CDMA is less prone to deep multipath fading caubgdtransmissions
arriving at the receiver that have followed differ@ropagation paths. In
fact, one approach in common use with CDMA systethe, RAKE-
receiver, takes advantage of multipath, normallymajor source of
interference and signal degradation in other systéma RAKE-receiver,
the signals of several correlation receivers belupgo the strongest
multipath components are combined to provide araecéd signal with
better quality.

1:2 Tl é
Micro diversity .
adaptive Linear

channel combiner

; 7 fingers delay

Z :> data

A PN generator

Impulse
response

P time

RAKE receiver

To be able to despread the wanted signal in theivexc both the right
coding and the right timing must be done. An optimreceiver contains
several detection channels with different code ydelavhich are adjusted
to mach the major components of the impulse respons
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In the RAKE receiver the contribution from severalltipath components
are combined. It is necessary to measure contimyoile impulse
response of the propagation channel in order ttheetlelay and phase on
the different rake branches. The output from thandels can then be
added giving diversity combining.

The timing accuracy to obtain full processing garapproximately one
chip time, i.e. the inverse of the channel bandwidin optimum receiver
contains several detection channels with diffede delays, which are
adjusted to match the major components of the isguesponse. The
fingers in the rake collects together the contidng of the total signal
energy from several multipath components. The isgutesponse is
measured continuously in order to set the delaypasde of the different
rake fingers. Thus the output from the channelslmmdded coherently
giving diversity combining.

Why Spread Spectrum?

Technigues known since 1940s and used in militasgnraunications
systems since 1950s

“Spread” the radio signal over a wide frequencygeaiy modulating it
with a code word unique to the radio.

Receiver's correlator distinguishes sender’s sigrah other signals by
examining the wide spectrum band with a time syowised duplicate of
the spreading code word.

The sent signal is recovered by a despreading gsattethe Receiver.

Spread spectrum waveform is more resistant to paihieffects and more
tolerant of interference.

Spread spectrum systems are power rather than ldthdimnited
With a narrow bandwidth a user channel might rezasievere fading dips

while with a wider band the interference will haare averaging effect in
such a way that all user will share the problem.

Channel Quality Channel Quality

[N N~

\ M
1l

v

f f
Interference averaging
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Code Properties

The codes should have good Auto Correlation (Tins&aton) and Cross
Correlation (suppress other users) properties.

Short Codes:

Code sequence length = bit (bit = one bit user)data

Code sequence repeated for each new data bit

+ Orthogonal codes if perfect synchronisation

+ Good synchronisation properties

- Code planning needed since limited number of ggiamit codes.

Long Codes:

Code sequence length >> bit

+ No code planning needed since low probabilityt tiisers might have
same code

- Non orthogonal codes

- Bad synchronisation properties since long réipetcycle.

4.4 Soft and Hard Handover

Handover

In general, handover is considered as the changehgdical channels
allocated to a call while maintaining this call. &nsoft handover the
mobile belong to two base stations during the tirmemoves between the
cells (make before brake). While in a hard handdvemobile station will
instructed to move from one channel to anotheraarig be receiving from
one base station at a time (break before make).

Soft handover

When in active mode, the mobile station continupisdarches for new
base stations on the current carrier frequency.inguthe search, the
mobile station monitors the received signal levehf neighbouring base
stations, compares them to a set of thresholds, embrts them
accordingly back to the base station. Based on itfisrmation the
network orders the mobile station to add or remumase station links from
its activeset. The activesetis defined as the set of base stations from
which the same user information is sent simultaslou

Softer handover

Softer handover is the special case of a soft hardeetween sectors/cells
belonging to the same base station site.
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Conceptually, a softer handover is initiated andcexed in the same way
as an ordinary soft handover. The main differene@e on the
implementation level within the network.

Intra-frequency handover is a handover betweers aaing the same
(single) radio frequency whereas inter-frequencydoaer is a handover
between cells using different radio frequencies.

The inter-frequency handover is always performed hard handover.

4.5 Power Control

In an interference limited system (CDMA), many sitaoeous

connections share a common transmission channedle \WthFDMA each

connection has its one frequency and in TDMA eamtmection has one
time slot, this will permit high isolation betweetihe connections
(orthogonality).

Since we have several users in the same frequeacy the received
signal strength will be different for different mt#s, resulting in a near-
far interference problem. Near-far refers to th@raf signal strength from
a near mobile to a mobile far away. This problenil give lower
performance and reduce capacity in the system.

..‘G
\
<T> g@"E@

M, M,

S5,

Near-far

If the mobiles would transmit the same power th#oraf the received
signal would be: RS1/RS2 = (d2/§1vhere lambda is the path loss or
propagation environment. If d1 is not equal tatlin the received signal
strength from mobile 1 might be much strongenthzobile 2 and the
receiver would not be able to detect and recovesilm@. This means that
the transmitting power of each mobile has to betrolied so that the
received power is constant irrespective of theadise.
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controlled transmitting power

In an interference limited system we assign a $ipecode to each
connection. This will help us to discriminate beémethe wanted signal C
and interference | from all other users.

When the total interference level is increased énaers), there will be a
point when the C/I becomes to low. This is calledi-mmming margin,
AJ, which is the maximum value for I/C. This gives an interference
limited system for CDMA compared to FDMA and TDMAhw are
channel limited system.

To get an acceptable isolation between the cororective need a large
bandwidth which will increase the AJ. The procegsgain, Gp, is a
related parameter, also related to the bandwidtle. Gp determines how
much the receiver can suppress the interference.

It is then very important with power regulationtbat all signals have the
same level at the receiver input.

For high values of G p (>1000), information cantsmitted at power
levels below ambient noise. This means low prolitgbil of
intercept/detect” and narrowband jamming or intenee.

Commercially available SS systems typically implemgrocessing gains
in the 10-100 range

To illustrate the problem and advantages with aerierence limited
system, the “International Cocktail Party” analaggn be used. Picture a
large room with a number of people, in pairs, whould like to hold
conversations.

The people in each pair only want to talk and tigteeach other, and have
no interest in what is being said in other pains. drder for these
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conversations to keep place, however, it is necgsta define the
environment for each conversation.

If people speak in different languages, Gp is hagid it is easier to
distinguish individual speakers. Now if a bandpiaying we get a
"random noise” and the Gp will be lower, I/C incses, and it will be
more difficult to extract the conversation from theeckground.

Now image that the Band starts playing even lou8geakers try to talk
more loudly, increasing the noise and if more armearpeople enters the
room each conversation will be louder and louderctpe with the
interferers.

The solution is to have the participants to agoegpeak more softly when
a new guest arrives. This could be done with thp bka host that require
all guests to speak to him at the same relativelJewo matter how far
from they are from the host.

Power control to minimise the interference level thé base station
receiver is only effective for terminals assigned this base station.
Interference from terminals in other cells is stilpbroblem. To minimise
this interference we need to use soft handover camdful selection of
which base station shall be involved in macro diitgr

Closed loop power control —uplink

The uplink closed loop power control adjusts thebiieostation transmit
power in order to keep the received uplink Sigoalrterference Ratio
(SIR) at a given SIR target. The base station shestimate the received
uplink power after RAKE combining of the connectiom be power
controlled. Simultaneously, the base station shaestimate the total
uplink received interference in the current fregqnyeband and generate a
SIR estimate. The base station then generates TPP&hgmit Power
Control) commands.

Forward link

m
s o
i § f 7 & ©l.\‘ o

Reverse link

Forward and reverse link

Upon the reception of a TPC command, the mobilgostashould adjust
the transmit power of the uplink in the given direr with a step oATPC
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dB. The step sizATPC is a parameter that may differ between differen
cells, in the region 0.25 — 1.5 dB.

In case of receiver diversity (e.g., space diversit softer handover at the
base station, the TPC command should be generdted diversity
combining.

In case of soft handover, the following procedsreansidered:

* in the base stations a quality measurement is pe€ef on the received
signals; in case the quality measurement indicatesdue below a given
threshold, an increase command is sent to the mobtherwise a
decrease command is transmitted; all the basessatin the active set
send power control commands to the mobile

» the mobile compares the commands received fromerdift base
stations and increases its power only if all thenec@mnds indicate an
increase value (this means that all the receiverb@low the threshold)

* in case one command indicates a decrease stepigthatt least one
receiver is operating in good conditions), the rfebeduces its power;
in case more than one decrease commands are dsithe mobile,
the mobile station should adjust the power with ldrgest step in the
“down” direction ordered by the TPC commands reegifrom each
base station in the active set.

» the quality threshold for the base stations in dbtive set should be
adjusted by the outer loop power control (to be lemented in the
network node were soft handover combining is pemnga).

Outer loop (SIR target adjustment) - uplink

The outer loop adjusts the SIR target used by tbeed-loop power
control. The SIR target is independently adjusted dach connection
based on the estimated quality of the connectioraddition, the power
offset between the uplink may be adjusted.

Open-loop power control - uplink

Open-loop power control is used to adjust the trangower of the
physical access channel. Before the transmissioa atcess burst, the
mobile station should measure the received powedhefdownlink. From
the power estimate and knowledge of the transmitgpdrom the base
station (broadcasted from the base station) the ntiokv path-loss
including shadow fading can be found. From thishpgass estimate and
knowledge of the uplink interference level and tbguired received SIR,
the transmit power of the physical access chararebe determined.

The uplink interference level as well as the reegiireceived SIR are
broadcast from the base station.
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Closed loop power control - downlink

The downlink closed loop power control adjusts llase station transmit
power in order to keep the received downlink SIR gtven SIR target.

The mobile station should estimate the received niiokw power after
RAKE combining of the connection to be power colfth

Simultaneously, the mobile station should estimide total downlink
received interference in the current frequency balite mobile station
then generates TPC commands.

Upon the reception of a TPC command, the baseostatiould adjust the
transmit power in the given direction with a stdpAGPC dB. The step
size ATPC is a parameter that may differ between diffeils, in the

range 0.25 — 1.5dB.

In case of receiver diversity (e.g., space divgrsit the mobile station, the
TPC command should be generated after diversitybaung.
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