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Code division multiple access systems apply codes with certain characteristics to the transmission
to separate different users in code space and to enable access to a shared medium without

interference.
~ Code
1
¢ /
e Frequency

Time
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 unique random number, the sender
XORs the signal with this random number. The receiver can “tune” into this signal if it knows the
pseudo random number, tuning is done via a correlation function
Disadvantages:
| e higher complexity of a receiver (receiver cannot just listen into the medium and start
receiving if there is a signal)
e 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. 2*%) compared to frequency space

interferences (e.g. white noise) is not coded
forward error correction and encryption can be easily integrated

e Sender A
e sends A, =1, key A, = 010011 (assign: “0"= -1, "1"= +1)
e sendingsignal A, = A * A = (-1, +1, -1, -1, +1, +1)
Sender B
« sends B, =0, key B, = 110101 (assign: 0= -1, “1"=+1)
e sendingsignal B, =B, * B, = (-1, -1, +1, -1, +1, -1)
Both signals superimpose in space
»_ interference neglected (noise etc.)
e A, +B,=(-2,0,0,-2, +2,0)
e Receiver wants to receive signal from sender A
« apply key A, bitwise (inner product)
e A, =(-2,0,0, '2'+2'0)'Ak=2+0+0+2+2+0=6
» result greater than 0, therefore, original bit was o

e receiving B
e B, =(-2, 0,0,-2,+2,0)eB,=-2+0+0-2-2+0=-6, i.e. e




The following figure shows a sender A that wants to transmit the bits 101. The key of A is shown as

signal and binary sequence Ay. The binary “0” is assigned a positive signal value, the binary g

negative signal value. After spreading, i.e., XORing Ag and Ay, the resulting signal is As.

Coding and spreading of data from sender A and sender B
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The same happens with data from sender B with bits 100. The result is B;s. A; and By now

superimpose during transmission. The resulting signal is simply the sum A, + B; as shown above. A

now tries to reconstruct the original data from Ad. The receiver applies A’s key, Ak, to the received

signal and feeds the result into an integrator. The integrator adds the products, a comparator then

has to decide if the result is a 0 or a 1 as shown below. As clearly seen, although the original signal

form is distorted by B’s signal, the result is quite clear. The same happens if a receiver wants to

receive B’s data.
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Reconstruction of A’s data

Soft handover or soft handoff refers to a feature used by the COMA and WCDMA standards, where
a cell phone is simultaneously connected to two or more cells (or cell sectors) during a call. If the
sectors are from the same physical cell site (a sectorised site), it is referred to as softer handoff.
This technique is a form of mobile-assisted handover, for IS-95/CDMA2000 CDMA cell phones
continuously make power measurements of a list of neighboring cell sites, and determine whether
or not to request or end soft handover with the cell sectors on the list.

Soft handoff is different from the traditional hard-handoff process. With hard handoff, a
definite decision is made on whether to hand off or not. The handoff is initiated and executed
without the user attempting to have simultaneous traffic channel communications with the two
base stations. With soft handoff, a conditional decision is made on whether to hand off. Depending
on the changes in pilot signal strength from the two or more base stations involved, a hard decision
will eventually be made to communicate with only one. This normally happens after it is evident
that the signal from one base station is considerably stronger than those from the others. In the
interim period, the user has simultaneous traffic channel communication with all candidate base
stations. It is desirable to implement soft handoff in power-controlled CDMA systems because
implementing hard handoff is potentially difficult in such systems.




Spread Aloha multiple access (SAMA)

CDMA senders and receivers are not really simple devices. Communicating with » devices requires
programming of the receiver to be able to decode n different codes. Aloha was a very simple
scheme, but could only provide a relatively low bandwidth due to collisions. SAMA uses spread

spectrum with only one single code (chipping sequence) for spreading for all senders accessing
according to aloha.

In SAMA, each sender uses the same spreading code, for ex 110101 as shown below. Sender
A and B access the medium at the same time in their narrowband spectrum, so that the three bits
shown causes collisions. The same data could also be sent with higher power for shorter periods as
show.

collision
senderA narrow
sender B band

send fora
shorter period
» with higher power

spread the signal e g. using the chipping sequence 110101 (,CDMA without CD")

R S O R L :
B B N S A D

— Y

The main problem in using this approach is finding good chipping sequences. The maximum
throughput is about 18 per cent, which is very similar to Aloha, but the approach benefits from the
advantages of spread spectrum techniques: robustness against narrowband interference and
simple coexistence with other systems in the same frequency bands.




Comparison SDMA/TDMA/FDMA/CDMA
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Approach | : IovA | i _CDMA
ldea segment space into segment sending spread the spectrum
s i | celis/sectors time into disjoint frequency band into | using orthogonal codes
time-slots, demand | disjoint sub-bands
driven or fixed
pattems
- jonly one terminal can | all terminals are every terminal has its | all terminals can be active

be active in one active for short own frequency, at the same place at the
cellione sector periods of time on | uninterrupted same moment,
' the same frequency uninterrupted
| cell structure, directed | synchronization in | filtering in the code plus special
~ | antennas the time domain frequency domain receivers
s | very simple, increases | established, fully simple, established, | flexible, less frequency
- | capacity per km? digital, flexible robust planning needed, soft
ke handover
Dis- | inflexible, antennas | guard space infiexible, complex receivers, needs
: advanta‘gés}f' typically fixed needed (multipath | frequencies are a more complicated power
i g propaqation). scarce resource control for senders
e synchronizafion
o e | difficult
Comment | only in combination standard in fixed typically combined still faces some problems,
- lwith TDMA, FDMA or | networks, together | with TDMA higher complexity,
CDMA useful with FDMA/SDMA | (frequency hopping | lowered expectations; will
used in many patterns) and SDMA | be integrated with
mobile nefworks (frequency reuse) TDMA/FDMA
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