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Abstract—The main aim of the project is to study the effect of the variation of major parameters on OFDMA systems
and to find channel estimation for CDMA/OFDMA communication systems, in which the bit/symbol error rate of a time
varying channel has to be estimated in order to correct the channel interference prior to the decoding of information
symbols. Also to propose a system that makes full use of the advantages of OFDMA and WCDMA to improve the
performance of the overall system. With the advantages of WCDMA and OFDMA a new multiple access technique has
been developed called OWCFDMA Multiple Access, by properly combining WCDMA and OFDMA, the system makes
good use of their superiority and greatly improves the performance. The whole project is done with MATLAB.
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l. INTRODUCTION

CDMA and OFDMA are two very potential multiple access techniques, which will be the key techniques of the
next generation of wireless communications. Now 3G has adopted CDMA, while OFDMA would be the most important
multiple access scheme of next generation (4G) [1]. In recent years, CDMA and OFDMA have been rapidly developed.
They have their own respective advantages and disadvantages, and so far there is no evidence to conclude which one is
better. Thus it is assumed that the performance of the system may be greatly improved if the advantages of them are well
integrated. In order to develop new multiple access techniqgue WCDMA is used instead of CDMA because it uses a larger
5MHz bandwidth relative to 2G CDMA which has a bandwidth of 1.25MHz bandwidth.

The current 3G systems use a wideband code division multiple access (WCDMA) scheme within a 5MHz
bandwidth in both the downlink and the uplink. In WCDMA, multiple users potentially using different orthogonal Walsh
codes [4] are multiplexed on to the same carrier. In a WCDMA downlink, the transmissions on different Walsh codes are
orthogonal when they are received at the UE. This is due to the fact that the signal is transmitted from a fixed location
base station on the downlink and all the Walsh codes are received synchronized. Therefore, in the absence of multi-paths,
transmissions on different codes do not interfere with each other. However, in the presence of multi-path propagation,
which is typical in cellular environments, the Walsh codes are no longer orthogonal and interfere with each other
resulting in inter-user and/or inter-symbol interference (ISI). The multi-path interference can possibly be eliminated by
using an advanced receiver such as linear minimum mean square error (LMMSE) receiver.

Taking into account the LTE requirements and scalability and complexity issues associated with WCDMA, it
was deemed necessary to employ a new access scheme in the LTE downlink therefore, with the proper combination of
WCDMA and OFDMA a new multiple access technique is developed called OWCFDMA (orthogonal wideband code
frequency division multiple access) multiple access. The rest of the paper is organized as follows. In section Il, channel
estimation of OFDMA and CDMA are discussed. In section Il various major properties of OFDMA system are
discussed. In section IV comparison of DL capacities were discussed. In section V new hybrid multiple access technique
has been developed. In section VI all results have been shown and section V11 gives the conclusion.

1. CHANNEL ESTIMATION
In wireless communications, channel state information (CSI) refers to known channel properties of a
communication link. This information describes how a signal propagates from the transmitter to the receiver and
represents the combined effect of, for example, scattering, fading, and power decay with distance. The CSI makes it
possible to adapt transmissions to current channel conditions, which is crucial for achieving reliable communication with
high data rates in multi antenna systems. CSI needs to be estimated at the receiver and usually quantized and feedback to
the transmitter.

A. Minimum Mean Square Estimation (MMSE)

A minimum mean square error (MMSE) estimator describes the approach which minimizes the mean square
error (MSE), which is a common measure of estimator quality. Let be an unknown random variable, and let Y be a known
random variable (the measurement). An estimator
X(y) is any function of the measurement Y, and its MSE is given by

MSE=E {(X-X) %} 1)
where the expectation is taken over both X and Y. he MMSE estimator is then defined as the estimator achieving minimal
MSE
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If the channel and noise distributions are known, then this a priori info can be exploited to decrease the
estimation error. This approach is known as Bayesian estimation and for Rayleigh fading channels it exploits that

vec(H) ~CN (0,R), vec(N) ~ CN(0,S) (2)
The MMSE estimator is the Bayesian counterpart to the least-square estimator and becomes
Huise-estimate = (R™ + (PT @)™ §* (PT @)™ (PT ®1) "S™ vec(Y) ®)

where @ denotes the Kronecker product and the identity matrix | has the dimension of the number of receive antennas.
The estimation Mean Square Error (MSE) is

rR*+P @N"sTP @)t (4)

and is minimized by a training matrix P that in general can only be derived through numerical optimization. As opposed
to least-square estimation, the estimation error for spatially correlated channels can be minimized even if ‘N’ is smaller
than the number of transmit antenna. Thus, MMSE estimation can both decrease the estimation error and shorten the
required training sequence. It needs however additionally the knowledge of the channel correlation matrix ‘R’ and noise
correlation matrix ‘S’. In absence of an accurate knowledge of these correlation matrices, robust choices need to be made
to avoid MSE degradation.

B. Least- Square Estimation (LSE)
If the channel and noise distributions are unknown, then the least-square estimator is:

HLs estimate = YP" (PPH)-1 (5)

where (PP denotes the conjugate transpose. The estimation Mean Square Error (MSE) is proportional to
tr(PP™)* (6)
where tr denotes the trace. The error is minimized when (PP is a scaled identity matrix. This can only be achieved

when N is equal to (or larger than) the number of transmit antennas. The simplest example of an optimal training matrix
is to select P as a (scaled) identity matrix of the same size that the number of transmit antennas.

1. OFDMA SYSTEM ANALYSIS
A. Effect of total power on signal to interference plus noise ratio SINR
Te= (P*G0)/ (NO*R")) ©)

Where Te is the SINR, P is the total power, GO is the antenna gain, NO is the noise density, « is the path loss component
and R is the radius of the cluster.

B. Effect of the cluster size on the SIR due to increase in the number of users within the cell

_ 1
SIR_(Z*(Q—l) “+(2+(Q) ~H+2*(Q+1) ) ®)

where Q is called as co-channel reuse factor, which is given by Q= vV3N
and N is the cluster size. If Q is large then high quality transmission will be received and on other hand with smaller Q
the capacity will be higher as capacity of system depends upon the SINR.

C. Performance interference due to multiple access interference.
The signal to interference plus noise ratio includes both noise and multiple access interference received by the modem.
Ep

SINR e p— 9
= ©)

:E—b*D
Ny g

The parameter Dg is the degradation in single- user performance due to the multiple access interference. It depends upon
the operating E,/No and the no of users K; and the spreading factor Q, therefore

— Ep xK—1\1
Dg= (1+N—'; Q) (10)

With the increase in the spreading factor Q keeping the no of users K constant, the Dg decreases and hence
performance increases in case of multiple access interference.
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V. DOWNLINK CAPACITIES OF OFDMA/WCDMA
In New Generation Wireless Network, with assigning the subsets of sub-carriers individual users the OFDMA
technology has highly contributed to the overall system performance in terms of data rates, low interference, frequency
diversity, etc. In OFDMA, the interference from neighboring cells is averaged by using different carrier permutations
(subsets) between users located in separate cells.

A Capacity of OFDMA System
In orthogonal frequency-division multiplexing (OFDM), only one-tap equalization and cyclic-prefix is used,
hence there is no effect of multipath interference. The capacity limit of an OFDM with the assumption of equal power
can be given as
C=BW x log, (1+SINR) [b/s] (11)

where BW represents bandwidth and the SINR is signal-to interference- noise ratio given by

P

SINR= NO+P+If

(12)

where Iy is the interference factor, the ratio between other-cell and own-cell signal. Taking into account the effect of
cyclic prefix overhead for the OFDMA case; the capacity of OFDMA can be given as

c=(1- %) BW x log, (1+SINR) [b/s] (13)
where A and T's are the cyclic prefix duration and symbol duration, respectively.

In Fig.9 it can be observed that the higher Ir the further the user is located from the cell center and benefits less
from OFDMA. Hence If is higher for the cell-edge users which mean more interference and this is the biggest drawback
for OFDMA systems. Therefore, the scheduling scheme used for the assignment the sub-carriers for the user in the cell-
edge becomes more important and crucial than the users in the cell center.

B. Air interference capacity of LTE system
In this section, the air interface capacity of an OFDMA system in terms of number of subscribers is presented
[10]. The total cell site capacity with the consideration of the Quality of Service (QoS) data rate is given by

K*Ns «Seff «\BW *BHL
Niyps = (14)

R
where a cell site is assumed to have Ns sectors and Nsubs, K, Seff , BW, BHL and £ are number of subscribers, over-
subscribe factor, spectral efficiency, bandwidth, busy hour loading and QoS data rate, respectively.

In order to provide a more practical point of view for the number of subscribers, the above equation can be modified for
the downlink (DL) scenario to provide the impact of interference on the number of subscribers. Then, the number of
subscribers for the DL can be approximated as

(1—Pcoh )K*Ns #Seff *BW *BHL

Vaf #y* If*R (15)
where Pcoh, y and var represents percentage of channel overhead power, signal-to-noise ratio and voice activity factor,
respectively.

NDL, subs =

The average DL spectral efficiency for the different air interfaces such as 3GPP Long Term Evolution (LTE),
Worldwide Interoperability for Microwave Access (WiMAX), Evolved High Speed Packet Access (HSPA+) and HSPA
are given as 1.5, 1.4, 0.8 and 0.5 (b/s/Hz/sector), respectively. The typical values for the parameters used in OFDMA
systems are shown as follows: Pcor:10%, K:15, Ns:3, BW:10, 20 and 100MHz, BHL: 60%, R:128 Kbps, 256 Kbps, 1.0
Mbps, I :0.5.

Instead of providing numerous figures to show the performance of the different scenarios, for brevity, the DL
capacity of LTE for different BWs and QoS data rates are shown in Fig.10 and Fig.11, respectively. As expected, the
impact of bandwidth is considerable important in low SNRs, and an increase in data rate requirement results lower
number of subscribers in the cell.

C. Capacity of WCDMA System
In a WCDMA system using a Rake receiver, the signal-to-interference-plus-noise ratio (SINR) for the signal
received at nth multi-path component p,, can be expressed as [4]:

Pn
p”={fP+No+2N-1 Pi}

i=0,i#n

(16)
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Where P, is the received power on the nth multi-path component from the cell of interest. Also, f represents the ratio
between other-cell and own-cell signal. For simplicity of analysis, let us assume that equal power of P/N is received on
each of the N multi-path components where P is the total received power on all the multi-path components. With this
assumption, above equation can be simplified as:

_ P/N
Pn= (f.P+No +(N-1)p > n

In deriving above two equations, we assumed that a single-user is scheduled at a time in a TDM (time-division
multiplexed) fashion using all the cell resources. Therefore, there is no need to account for the interference among users
in the same cell. Further assuming a maximume-ratio combining (MRC) for signals received at different Rake fingers
(multi-paths), the average received signal-to-noise ratio can be expressed as the sum:

_o(N-1) _ _ (-1 P/N
PWCDMA =Xn—0 ~ Pn = Xn—o (m )
N

— P — P
- - 1
£P+No+(1— )P Fp+1+(1—Dp

(18)

Where p = P/Np is the SINR when all the power is received on a single-path and there is no interference from the other
cells. This should actually be referred to as SNR rather than SINR as the interference is zero. For a single-path frequency-
flat fading channel (N = 1), the SINR in a WCDMA system becomes:

pwcoma = ’).HLNO (19)
For a very large number of multi-paths, that is N >>1
pweoma = (20)

p(F+1)+1

It can be noted that the maximum achievable SINR in a WCDMA system is limited to zero dB when the WCDMA signal
is received with a large number of multi-path components (N>>1). The capacity limit for a WCDMA system can then be
written as:

Cweoma = 1092 (1+ pwepma) [b/s/HZ] (21)

With maximum SINR limited to zero dB, the peak data rate achievable with WCDMA will be limited to 1
b/s/Hz when the signal is received with an arbitrarily large number of multi-path components.

D. Capacity comparison

In Fig. 13 Note that the performance of WCDMA and OFDMA are compared w.r.t the equations (11), (21) and
it is found that the capacity of WCDMA is similar to that of OFDM for the case of single-path (N = 1) channel. It can be
noted that OFDMA provides greater capacity advantage for the cases when the other-cell interference f is relatively
small. This is usually the case for the users closer to the base station. For these good users, the performance is dominated
by the multi-path interference for WCDMA and, therefore, eliminating multi-path interference by employing OFDMA
improves capacity significantly. However, for the weak users at the cell edge with relatively larger f, the performance is
dominated by interference from a neighboring cell rather than the own-cell multi-path interference. Therefore, OFDMA
provides little advantage for the weak users in the cell. It can also be observed that the performance difference between
OFDM and WCDMA is small for smaller p. In general, multi-path interference has greater impact on users with good
channel conditions compared to the users with relatively weaker channel conditions.

V. NEW MULTIPLE ACCESS TECHNIQUE

A Reuse partitioning

The concept of reuse partitioning in cellular system design is first introduced by Samuel W. Halpern during
early 80’s. The purpose of reuse partitioning is to increase system capacity over that can be achieved with a single reuse
factor for a given performance objective. The underlying principle behind it is to degrade SIR performance for those
users that already have more than adequate transmission quality while offering greater protection to those users that
require it. Reuse partitioning is first used in TDMA and FDMA systems and it is implemented by dividing the spectrum
allocation into two or more groups’ mutually exclusive channels. Channel assignment is then determined by the reuse
factor of that group. In order to achieve this cell is divided into two or more regions with different reuse factors. Mobile
users with the best quality of signals received will be assigned to the group of channels having the smallest reuse factor
value, while those with the worst signal quality will be assigned to the group of channels having the largest reuse factor
value.

The current 3G systems use a wideband code division multiple access (WCDMA) scheme within a 5MHz
bandwidth in both the downlink and the uplink. In WCDMA, multiple users potentially using different orthogonal Walsh

9
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codes are multiplexed on to the same carrier. In a WCDMA downlink (Node-B to UE link), the transmissions on
different Walsh codes are orthogonal when they are received at the UE. This is due to the fact that the signal is
transmitted from a fixed location (base station) on the downlink and all the Walsh codes are received synchronized.
Therefore, in the absence of multi-paths, transmissions on different codes do not interfere with each other and the key
feature of OFDMA systems is that it can achieve a good performance with channel coding when the co-channel
interference is small. But it is weak to resist the co-channel interference. After combining WCDMA with cyclic prefix
which was initially introduced for OFDMA, it can implement a system design with reuse factor 1 by averaging co-
channel interference. Fig. 2 Demonstrate the hybrid spectrum of OFDMA and WCDMA.

Therefore after properly combining WCDMA and OFDMA a new multiple access technique has been
developed named as OWCFDMA (orthogonal wideband code frequency division multiple access), in our new multiple
access technique system, the inner region adopts OFDMA to improve the capacity and the outer region uses CP-CS-
WCDMA to resist co-channel interference. This ensures the capacity of the system is large, and the users at the edge of
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Fig 1.OWCFDMA Multiple Access Cellular System
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Fig 2.Hybrid Spectrum of OFDMA and WCDMA

After suitably combining CP-CS-WCDMA and OFDMA, a new cellular system has been developed which
increases the overall capacity and performance of the system considerably. Suppose all the usable frequency resource is
Biotar; the frequency each cell really uses for data transmission is Bgg; the reuse factor of the inner region (OFDMA) is
No; and the reuse factor of the outer region (CP-CS-WCDMA) is N¢. If p stands for the ratio of frequency allocated to
the inner region, we have

Beell = (% + 1N;Cp)* Biotal (22)

Then, in a cell, the ratio of the really used frequency resource in OFDMA to the total used frequency resource in the
system is given by

b
_Bo EBtOtal _ pNc
© Beell (% +1N;cp)Btotal - pNc +(1—p)No (23)
where By is the really used frequency resource in OFDMA.
Thus, the total reuse factor Ng of the system is
_ Btotal __ NoNc _ _
N, = TR m— foNo + (1-fo) N¢ (24)
B. Determination of Reuse factor

The determination of reuse factor has already been done in paper [1]. By using the method mentioned in paper
[1], [2] the determination reuse factor for our new multiple access technique has been obtained after properly combining
the OFDMA as in the inner region and WCDMA in the outer region. It is found that the system makes good use of the
both techniques.

10
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VI. RESULTS
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Fig 3.Plot of SNR Vs SER for an CDMA System with MMSE/LSE Estimator Based Receivers for BPSK
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Fig 4.Plot of SNR Vs SER for an OFDMA System with MMSE/LSE Estimator Based Receivers
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Fig 5.Plot of SNR Vs MSE for an OFDMA System with MMSE/LSE Estimator Based Receivers
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Fig 6.Performance degradation due to multiple-access interference
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VIl. CONCLUSION
Simulation was done using MATLAB coding. A total of major 18 MATLAB programs were written and
executed. As a result more than 24 output graphs were obtained.

As the part of simulation for CDOMA/OFDMA, first the programs for BPSK and QPSK modulation were
written. The channel characteristics and noise was added to the modulated data and then it was transmitted. A program
was written for LSE and MMSE estimator separately and this BPSK/QPSK modulated data was fed into them at receiver
side. The corresponding graph was obtained in terms of Binary error rate (BER) for varying SNR values for both the
estimators. This helped in finding out the better estimator techniques out of the two.

Analysis of various major parameters of OFDMA system was done with respect to SINR, Cluster Size,
Capacity, Quality of Service, total Power and spreading factor also the capacities of both OFDMA and WCDMA were
compared and it has been found out that the capacity of OFDMA systems are far better than CDMA Systems.

Finally, with the proper combination of WCDMA and OFDMA technologies a new multiple access technique
HMA (OWCFDMA Multiple Access) has been developed also developed a new reuse partitioning system. The system
makes good use of their superiority and greatly improves the performance. Theoretical analysis and simulation results
have verified that the new reuse partitioning system of HMA significantly increase the capacity of cellular system.

Future work involves the development of other Hybrid Multiple Access techniques using OTDMA-CDMA &
OTDMA-OFDMA.
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