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CDMA is used to a limited extent on the 
800-MHz band, but is much more common 
in the 1900-MHz PCS band.
It uses code-division multiple access by 
means of direct-sequence spread-spectrum 
modulation. 



CDMA Frequency UseCDMA Frequency Use
– One CDMA RF channel has a bandwidth of 1.25 MHz, 

using a single carrier modulated by a 1.2288 Mb/s 
bitstream using QPSF.

– CDMA allows the use of all frequencies in all cells (not 
one-seventh or one twelfth of the frequencies in each 
cell, as required by other systems). This gives a 
considerable increase in system capacity.

– Since there is no need for the mobile to change 
frequency on handoff, the CDMA system can use a soft 
handoff, in which a mobile communicates with two or 
more cell use at the same time, rather than having to 
switch abruptly from one to another.  



Figure 11.5 shows a comparison of soft and 
hard handoffs [1]. 



CDMA ChannelsCDMA Channels
Each RF channel at a base station supports up to 
64 orthogonal CDMA channels, using direct-
sequence spread-spectrum, as follows:
– 1 pilot channel, which carries the phase reference for 

the other channels
– 1 sync channel, which carries accurate timing 

information that allows mobiles to decode the other 
channels

– 7 paging channels, equivalent to the control and paging 
channel in TDMA and GSM

– 55 traffic channels



CDMA uses a bandwidth of 1.25 MHz for 55 
voice channels, which works out to about 22.7 
kHz per channel.
This is similar to GSM and , at first lance, not as 
efficient as TDMA.
However, the fact that all channels can be used in 
all sectors of all cells makes CDMA more efficient 
in terms of spectrum than any of the other 
systems.
The CDMA system also uses FDMA. Each PCS 
carrier has a spectrum allotment of either 5 MHz 
or 15 MHz in each direction, so a cell site can 
have more than one RF channel.   



Forward ChannelForward Channel
– The forward and reverse channel are quite different in 

the CDMA system.
– The direct-sequence form of CDMA is created by 

combining each of the baseband signals to be 
multiplexed with a pseudo-random noise (PN) 
sequence at a much higher data rate.

– From the foregoing it would seem that using orthogonal 
PN sequences for CDMA is highly desirable, and this is 
done at the base station.

– A class of PN sequence called a Walsh code is used. 
The base station uses 64 orthogonal Walsh codes; each 
repeats after 64 bits. 



– This allows for 64 independent logical channels per RF 
channel.

– Figure 11.6 shows how the spreading works for one 
voice signal. The vocoder produces a voice signal with 
a maximum bit rate of 9.6 kb/s [1].

Fig. 11.6 CDMA forward voice channel 



– The 64 orthogonal channels are transmitted on 
one RF carrier by summing them, as in Figure 
11.7, and using QPSK to modulate them on a 
single carrier [1].



Reverse ChannelReverse Channel
The mobile unites use a more robust error-
control system. It outputs data at three times 
the input data rate. Follow Figure 11.8 to 
see what happens to the signal [1].



Voice CodingVoice Coding

CDMA uses a variable rate vocoder. Four 
different bit rates are possible: 9600, 4800, 
2400 and 1200 b/s.
The full rate of 9600 b/s used when the user 
is taking. During pauses, the bit rate is 
reduced to 1200 b/s. The other two rates are 
also in the specifications but are seldom 
used.



Standard and
offset 
QPSK [1]



Mobile Power ControlMobile Power Control
– Controlling the power of the mobile stations is even 

more important with CDMA than with other schemes.
– The power received at the base station from all mobiles 

must be equal, within 1 dB, for the system to work 
properly.

– The power level is first set approximately by the 
mobile, and then tightly controlled by the base.

– When first turned on, the mobile measures the received 
power from the base, assumes that the losses on the 
forward and reverse channels are equal, and sets the 
transmitter power accordingly.



This is called open-loop power setting. The 
mobile usually works with the equation:

where PT is transmitted power in dBm and 
PR is received power in dBm. 

RT PdBP −−= 76



Rake Receivers and Soft handoffsRake Receivers and Soft handoffs

One of the advantages of the CDMA system 
is that multipath interference can be reduced 
by combining direct and reflected signal in 
the receiver.
The receivers used are called rake receivers; 
the reason can be seen in the diagram in 
Figure 11.10, which somewhat resembles a 
rake with several teeth for the reception of 
signals having different amounts of delay.



Fig. 11.10 Rake Receiver [1]Fig. 11.10 Rake Receiver [1]



CDMA SecurityCDMA Security

CDMA offers excellent security. A casual 
listener with a scanner will hear only noise 
on a CDMA channel.
In order to decode a call it is not only 
necessary to have a spread-spectrum 
receiver, but also to have the correct 
despreading code.



Comparison of Modulation Comparison of Modulation 
SchemesSchemes

Compatibility Issues: Multi-Mode Phones
– From Table 11.3 there appears to be an obvious 

compatibility problem in PCS [1].
– The three systems have only their frequency 

range in common; none of the systems is 
compatible with either of the others.



Table 11.3 Comparison of Table 11.3 Comparison of 
North American PCS [1]North American PCS [1]



– There is an obvious, though rather unwieldy, 
solution to the compatibility problem.

– This is to manufacture dual-band, dual-mode 
phones, which work with analog, 800-MHz 
AMPS as well as with one of the 1900MHz 
personal communication systems, as shown in 
following figure [1]. 



Data Communication with PCSData Communication with PCS

TDMA Data Communication
GSM Data Communication 
CDMA Data Communication
Wireless Web Browsing



TDMA Data CommunicationTDMA Data Communication
– The TDMA PCS standard allows for short messages 

and packet-switched data to be sent on the digital 
control channels (DCCH) or the digital traffic channels 
(DTC). Circuit-switched data is possible on the digital 
traffic channels.

– The digital control and traffic channels support two 
main types of packet-switched data communication.

– A format called cellular messaging teleservice (CMT) 
is employed for a short message service (SMS).

– This allows for brief paging-type messages and short e-
mail messages (up to 239 characters), which can be 
used on the phone`s display and entered using the 
keypad.   



Fig. 11.12 PCD packetFig. 11.12 PCD packet--switched data [1]switched data [1]



Fig. 11.13 PCS circuitFig. 11.13 PCS circuit--switched data [1]switched data [1]



GSM Data Communication CDMA DataGSM Data Communication CDMA Data
– The types of data communication possible with GSM 

are similar to those used with TDMA.
– Short messages are available (up to 160 characters) 

using either the control or traffic channels, depending 
on whether the phone is in use for voice call at the time.

– Circuit-switched data can be accommodated at up to 
9600 b/s using a traffic channel, just as for TDMA. A 
device especially designed to take advantage of GSM 
data communication, the Nokia 9000il Communictior, 
is shown in Figure 11.14.  



Fig. 11.14 Nokia communicator [1]Fig. 11.14 Nokia communicator [1]



CDMA Data CommunicationCDMA Data Communication

There are some differences between CDMA 
and other two systems in terms of data 
communication.
CDMA offers short message via control 
channels. 
Its circuit-switched data capability using a 
single traffic channel is much greater, 
though, at 14.4 kb/s. 



Wireless Web BrowsingWireless Web Browsing
Any of the PCS schemes can be used to access 
content on the Web.
There are three major problems with all of them 
however:
– The data rate is slow, even slower than ordinary 

telephone modems;
– The on-board computing power is low compared with a 

personal computer;
– And the handheld devices have very small, low 

resolution displays.    



Testing Cellular Systems and PCSTesting Cellular Systems and PCS

Once the PCS systems have been built, it is 
necessary to go into the field with a receiver to 
verify that the signal strength is satisfactory.
The transmitter used for preliminary tests is often 
a portable model that puts out a carrier only.
This simplifies the measurements, particularly 
when the system will eventually be CDMA with 
all channels active in all cells.    



Fig. 11.15 Test transmitter and Fig. 11.15 Test transmitter and 
receiver [1]receiver [1]



Fig. 11.16 CDMA test receiver [1]Fig. 11.16 CDMA test receiver [1]



Fig. 11.17 Mobile phone tester [1]Fig. 11.17 Mobile phone tester [1]



[1] R. Blake, "wireless Communication 
Technology", Delmar, Thomsn Learning, 
2001.


	IS-95 CDMA PCS
	CDMA Frequency Use
	CDMA Channels
	Forward Channel
	Reverse Channel
	Voice Coding
	Mobile Power Control
	Rake Receivers and Soft handoffs
	Fig. 11.10 Rake Receiver [1]
	CDMA Security
	Comparison of Modulation Schemes
	Table 11.3 Comparison of North American PCS [1]
	Data Communication with PCS
	TDMA Data Communication
	Fig. 11.12 PCD packet-switched data [1]
	Fig. 11.13 PCS circuit-switched data [1]
	GSM Data Communication CDMA Data
	Fig. 11.14 Nokia communicator [1]
	CDMA Data Communication
	Wireless Web Browsing
	Testing Cellular Systems and PCS
	Fig. 11.15 Test transmitter and receiver [1]
	Fig. 11.16 CDMA test receiver [1]
	Fig. 11.17 Mobile phone tester [1]
	

