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More than one signal can be
transmitted over the same frequency
or time span without interference
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Orthogonal Codes

Orthoganal Cores.

Orthogonal codes help in
transmitting a large number of
data channels on the same signal
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Access method CDMA

* CDMA (Code Division Multiple Access)

— all terminals send on the same frequency probably at the same time and can use
the whole bandwidth of the transmission channel

— each sender has a PN code, the sender XORs the signal with this PN code
— the receiver can “tune” into this signal if it knows the PN code, tuningis done via a
correlation function
* Disadvantages:
— higher complexity of a receiver (receiver cannot just listen into the medium and
start receiving if there is a signal)
— all signals should have the same strength at a receiver
* Advantages:
— all terminals can use the same frequency, no planning needed
— huge code space (e.g. 232) compared to frequency space
— interferences (e.g. white noise) is not coded
— forward error correction and encryption can be easily integrated

9-60 Mujdat Soyturk, Wirelessand Mobile Networks, Spring 2021, Marmara University

10



3/21/2021

CDMA in theory CDMA on signal level |

e Sender A
— sends Ay = 1, key A, = 010011 (assign: “0"= -1, “1"= +1) data A 1 g Ag
— sending signal A; = Ay * A = (-1, +1, -1, -1, +1, +1)

* Sender B key A
— sends By =0, key B, = 110101 (assign: “0”= -1, “1"= +1) key 0i1i0i{1{0i{0|1{0i{0:0i{1:01:i1:0i{0i1il|A

sequence A
data®key 1 {0:1:0:1:1|1:0:0:0:1:0|0:i01:1:0:0

— sending signal B, = By * B, = (-1, -1, +1, -1, +1, -1)
* Both signals superimpose in space
— interference neglected (noise etc.)
- A;+B;=(-2,0,0,-2,+2,0)
* Receiver wants to receive signal from sender A
— apply key A, bitwise (inner product)
* A.=(-2,0,0,-2,+2,0)¢A,=2+0+0+2+2+0=6
 result greater than 0, therefore, original bit was “1”
— receiving B

signal A

Real systems use much longer keys resulting in a larger distance
between single code words in code space.
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B
1 0 0 d A+ B,
A+ Bg
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This code & 32768 chips kong. A short PN code takes 26,567 ms 1o fnish

Short code is a m-sequence of length 215-1 (created using a 15 bit LFSR register)
and s used for synchronization purpose in the forward as well as reverse links.
The short code is also used to identify cell/base station connection in the
forward link. It repeats approx 75 times in 2 seconds. Each base station is
assigned a cyclically shifted version of same short code sequence to
differentiate the base stations. This i also called PN offsetin CDMA jargon. Since
the cydically shifted versions of a same m-sequence offer poor correlation, itis
easier to differentiate between different base station links.

Long PH code

During the initial call setup stage, a mobile phone tres to find a base station (in
2 seconds max allowed time), if it find a base station, the mobile phone is
validated using a database by the base station an ved a PN Short code
sequence. This PN short code sequence uniquely identifies the connection

wsten coce. between the particular base station and the mobile devices served under that
base station.
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s umbered a3 Walsh code § o Walsh code 63
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Ximum 68 256 Walsh
Long PN code
In cdmao: of the 64 avait i
pliotchannel, 1.to 7 are assignedfor synch channel and paging channels and.
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Short PN code
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Description

This code s 2442-1 chips kong. The long PN codes are esed for
encrypang e tgnats on e 3t chamel A long PN cose takes about
s vk 15 fsh cne Cycie

Thes b 8 kng cote e cad chonm fncs 2 G 1o symchroraze Esell
Wit the code. The cel phone might have 15 wal for sbout six weeks for
the code 10 start 5 that the cel phone can retrieve information. This
protiem & schved by passing on 3 Synchvonaton message 1o e el
hone mcatnG e state or coston of the fong PN cooe

Loog PN cooe

It is used for both encryption and spreading. Encryption is achieved by
using a mask called Long Code mask which is a created using a 64-bit
authentication key called A-key (assigned by CAVE protocol) and Electronic
Serial Number ( ESN - assigned each user based on the mobile number).

Wt coce The i fonl
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Forward Link Channels

9-72 Mujdat Soyturk, Wirelessand Mobile Networks, Spring 2021, Marmara University

12



Forward Link Channels
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Pilot channel i a reference channel. It uses the mobile station to acquire the time and as a phase reference for coherent demodulation.
It by each base i fi And, is signal
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Reverse Link Channels

Descrpton

Access chanest

Revesse wafte channel
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Reverse Link Channels

The access

responses to pages and registrations.

Reverse vamc channel
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Reverse Link Channels

The reverse rafic channel cames voice. data, and control mformation 3
Gata rates of 4800 bps. 2400 bps, and 1200 bps.
Access chanest

Reverse Link Channs

9-79

Muijdat Soyturk, Wirelessand Mobile Networks, Spring2021, Marmara University

Soft handoff

9-81

Mujdat Soyturk, Wirelessand Mobile Networks, Spring 2021, Marmara University

Soft handoff

9-83

camaone.

Mujdat Soyturk, Wirelessand Mobile Networks, Spring2021, Marmara University

Soft handoff

coma

9-80

Muijdat Soyturk, Wirelessand Mobile Networks, Spring 2021, Marmara University

Soft handoff

9-82

Mujdat Soyturk, Wirelessand Mobile Networks, Spring2021, Marmara University

Soft handoff

9-84

camaone
85 1...0met 7R N\
e ¥ N \\ /’/\

Mujdat Soyturk, Wirelessand Mobile Networks, Spring 2021, Marmara University

3/21/2021

14



Soft handoff
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Call Processing in acdmaOne
System
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Call Processing in a cdmaOne
System
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The CDMA2000 Standard

The CDMA2000 Standard
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CDMA 2000 1x EV-DV systems

support high-speed data
and voice transmission
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The CDMA2000 1X Technology
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Higher data rates
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The CDMA2000 1X Technology
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The CDMA2000 1X Technology
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Walsh codes
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Beam Formatting

Boom Formeting
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Beam Formatting

Beam Formating
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Beam Formatting

Beam Formating

Antennas with smaller beams
enable to reuse the same codes
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CDMAZ2000 Channels
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Boom Formeting
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Beam Formatting

Boom Formeting

Increases data rate
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CDMA2000 Channels
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CDMA2000 Channels

coMA2000

Walsh codes differentiate
between different channels
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CDMA2000 Hanfoff
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CDMA2000 Hanfoff

F g soft
hamper network capacity
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Packet Switching in CDMA2000
Systems

Packet Swaching
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CDMA2000 Hanfoff
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CDMA2000 Hanfoff
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CDMA2000 Hanfoff
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