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ABSTRACT-To design and analyze the performance of variable length spread CI/MC-CDMA with iterative interference
cancellation receiver over a time varying channel, which provide high speed links that still offer good quality of service
(QoS). System models for wide range of data rates are discussed based on orthogonal property of Cl codes of any length.
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1. INTRODUCTION

In multicode CDMA, well known orthogonal Walsh- Hadamard (WH) codes are used to assign multiple codes. But WH
codes exist for certain code length (2p, p €l+). So, in cognitive radio and/or dynamic spectrum access, WH code sets need
to deactivate more number of subcarrier. Recently Liet al. proposed a novel spreading code called orthogonal binary code
(based on WH code) of any code length to increase diversity gain. Carrier interferometry(Cl) codes (complex orthogonal
spreading codes) have unique features which allow MC-CDMA to: 1) have orthogonal spreading sequence of any length N,
(N €l+), 2) support additional (N — 1) pulse shape (with =N phase shifted) to accommodate extra users or information using
pseudo-orthogonal Cl (POCI) codes with no expansion in bandwidth. The use of carrier interferometry (CI) codes further
improves user capacity relative to the conventional spreading code. Multicarrier code division multiple access (MC-
CDMA) represents a combination of two techniques, namely OFDM (orthogonal frequency division multiplexing) and
CDMA (code division multiple access).

Code Division Multiple Access (CDMA) technology is a continuing driving force behind wireless networks around the
globe and according to the CDMA Development Group (CDG), there were 431 million CDMA subscribers and 91million
CDMA 2000 1x subscribers worldwide by the end of the year 2007. Multi-Carrier Code Division Multiple Access (MC-
CDMA) is a multiple access scheme used in MCCDMA-based telecommunication systems, allowing the system to support
multiple users at the same time.

Multicarrier code division multiple access (MC-CDMA) [1] has emerged as a powerful alternative to conventional
direct sequence CDMA (DS-CDMA) [2] in mobile wireless communications. In MC-CDMA, each user’s data symbol is
transmitted simultaneously over narrow-band sub- carriers, with each subcarrier encoded with a 1 or 1 (as determined by an
assigned spreading code). Multiple users are assigned unique, orthogonal (or pseudo-orthogonal) codes.

In fixed spreading gain, low data rate users suffer from more multiple access interference (MAI) than high data rate
users because high data rate users transmit larger amount of time. In variable spreading gain (VSG), inter symbol
interference (1SI) is one of the drawbacks for high data rate users due to short spreading gain over multipath channel. To
support time varying quality of service (QoS) with multicarrier code division multiple access (MC-CDMA), different
techniques have been developed earlier [1], [2]. The presence of distinct peaks and nulls in the interference patterns has
motivated the widespread use of interferometry. The ideas underlying interferometry lend themselves naturally to multiple
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access applications in telecommunications. For multi-rate transmissions, Multi-Code (MC) and Variable-Spreading-Length
(VSL) are two widely adopted multi-rate schemes in CDMA system, and their applications in MC-CDMA were studied
with LMMSE MUD effectively to mitigate multiple access.

1. IMPLEMENTATION
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Fig. 1.The Block Diagram of MC-CDMA

1. MCCDMA transmission

This section describes the model of CI/MC-CDMA system considered in the paper. Synchronous CI/MC- CDMA system
with K users is considered. Each user employs N subcarriers with binary phase-shift keying (BPSK) modulation. CI code
[21,22] of length N for kth user (1 >k >K).

Signal generation: An ideal MCCDMA signal, could be generated by a bank of oscillators. Such an implementation could,
however, become prohibitively complex as the number of subcarriers becomes large. Similar to the demodulation of the
data samples with the DFT, the baseband signal can be generated digitally by means of an IDFT. Figure 1 shows such an
MCCDMA transmitter. This has paved the way for practical use of MCCDMA. Consider the signal

3(t) =Y ts g (t - “—lT) , forallt, (1) Where
1 j2mkn
sn=\/—NZE;01xke N, n=0,...,IN-1(2)
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is the oversampled IDFT of the constellation symbols xy, the integer | > 1, and g(t) is an interpolating filter. The output
signal from the D/A3(t), can be made very close to the ideal signal s(t) as defined in (2). The quality of the approximation
depends on, for example, the characteristics of the D/A including the interpolation filter and the IDFT.

The spectrum decays with 1/fand spectral leakage into neighbouring bands is sometimes too large to meet
regulation requirements. Several approaches have been taken to combat this out-of-band emission. The most
straightforward is perhaps to use a large number of subcarriers to narrow the spectra, however at the cost of increased
complexity, increased sensitivity to Doppler effects, and higher demands on the accuracy of frequency synchronization.

Another approach is to use pulse shaping of the MCCDMA symbol to change the spectral occupancy. Pulse shaping
can be done either by applying a time window to the MCCDMA symbol or by passing the MCCDMA signal through a
filter, typically combined with the interpolation filter above. Pulse shaping has to be applied with care since orthogonality
between the subcarriers is rarely maintained.

Compared with the rectangular window, the symbol has been cyclically extended with a number of extra samples
shaped with a raised cosine window.

Whereas the application of pulse shaping can improve the spectral occupancy of an MCCDMA system, its effect on
other system characteristics has also motivated some recent studies towards design of suitable pulse shapes. Much of this
work focuses on the choice of new sets of basis functions for the modulation of parallel channels and on how such pulses
improve an MCCDMA system’s robustness to Doppler effects, carrier frequency variations, and time synchronization. The
application of wavelet theory to multicarrier communications and pulse shaping is documented.

2. lterative interference cancellation receiver

In this section, conventional PIC structure is discussed. The estimated interference due to (K - 1) users is directly
subtracted from r(t) for the desired k™ user. The improved received signal piter (t) of k™ user may be written as

k
Hr®=rO- Y s ®)
m=1m=k

Where 8ter (t) is the estimated signal at iter-th iteration for the m™ user §iter(t) can be written as,

Z

-1

siter() = ' alter-lexp [i(i(A0,, + 2nf0)] ®

Il
=}

3.MCCDMA reception

In Section Il we have discussed aspects of the demodulation of data in MCCDMA. Two other important parts of the
processing of the received MCCDMA signal are synchronization and channel estimation. Here we address these topics.
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Synchronization :At the front-end of the receiver MCCDMA signals are subject to synchronization errors due to oscillator
impairments and sample clock differences. The demodulation of the received radio signal to baseband, possibly via an
intermediate frequency, involves oscillators whose frequencies may not be perfectly aligned with the transmitter
frequencies. This results in a carrier frequency offset. Figure 1 illustrates the front end of an MCCDMA receiver where
these errors can occur. Also, demodulation (in particular the radio frequency demodulation) usually introduces phase noise
acting as an unwanted phase modulation of the carrier wave. Carrier frequency offset and phase noise degrades the
performance of an MCCDMA system.

When the baseband signal is sampled at the A/D, the sample clock frequency at the receiver may not be the same as
that at the transmitter. Not only may this sample clock offset cause errors, it may also cause the duration of an MCCDMA
symbol at the receiver to be different from that at the transmitter. If the symbol clock is derived from the sample clock this
generates variations in the symbol clock. Since the receiver needs to determine when the MCCDMA symbol begins for
proper demodulation with the FFT, a symbol synchronization algorithm at the receiver is usually necessary. Symbol
synchronization also compensates for delay changes in the channel.

111. DESIGN OF MCCDMA SIGNALS

The number of subcarriers N, the bandwidth of each subcarrier 1/NT, the bandwidth of the system B = 1/T, and the
length of the cyclic prefix & are all important parameters in the design of an MCCDMA system.

First, the length of the cyclic prefix should be chosen to be a small fraction of the MCCDMA symbol length to
minimize the loss of SNR (or data rate) in (9). Because the size of the cyclic prefix is directly related to the delay spread T
of the channel a rule of thumb is that the length of the MCCDMA symbol NT >>1t or, equivalently, the number of
subcarriers N>>tB. However, if the MCCDMA symbol length NT is too long the ICI caused by Doppler spreading in the
fading channel can become performance limiting. If the inter carrier spacing 1/NT is chosen much larger than the maximum
Doppler frequency fy, the system is relatively insensitive to the Doppler spread and the associated ICI. Therefore, the
number of subcarriers should satisfy fy;<< 1/NT or equivalently N<<B/fy. The above two constraints result in the following
restriction on the number of subcarriers

1B << N<< B/fy (5)

Eqgn (3) also states a requirement on the delay- and Doppler-spread of the physical channel for proper design of an
MCCDMA system. The far left hand side and the far right hand side also lead to fyt<<1, which means that the more the
channel is under spread, i.e., the more correlated the channel is in either time or frequency, the easier it is to find a suitable
number of subcarriers N.A typical UMTS radio interface thus could use 1024 subcarriers implemented with an 1024-point
FFT.

The length of the cyclic prefix must be larger than the channel impulse response, that is A >10pusec. A possible
design example of a 64-sample cyclic prefix (12.8 psec) leads to a reduction of the data rate and transmission power of 6%.
If we modulate each subcarrier with a QPSK symbol, we have b = 2 bits per subcarrier giving us an overall raw data rate of
9.4 Mbits/sec. Similarly, an extension to 16-QAM symbols would give 18.8 Mbits/sec raw data rate.
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IV.RESULTS

Performance analysis of parallel Interferance cancellation
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Performance analysis of MC-CDMA for multiusers and BER Vs S/N on Rayleigh Channel L
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Fig. 2. Single vs. multi user with variable rateFig. 3. Interference cancellation

Performance analysis of MC-CDMA for multiusers and BER Vs S/N on Rayleigh Channel
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Fig. 4. Performance analysis

V. CONCLUSIONS

In this paper, we analyze the performance of multirate multicarrier code division multiple access (MC-CDMA)
using carrier interferometry(Cl) codes. Initially we analyzes the MC-CDMA multiple access scheme with various user data
rate.We illustrated the performance of numerical simulations, and it shows a significant BER performance improvement for
different users, while reducing the complexity of the receiver architecture in real time.
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