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Abstract: A very high speed wireless data communication in the range of 1 Gb/s is required for next generation
(4G) mobile communication systems. This paper addresses the problems and solutions associated with that need.
A scheme called Decision Feedback Cancellation along with optimum adaptive process is discussed which offers
an increase in capacity by ten folds over existing system without increase in noise. This is done by QAM-
WCDMA modulation method.
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l. INTRODUCTION

Wireless communication is evolving according to advancement in wireless technology. Recent demand in research is
for high speed data transmission nearing 1Gb/s rate in the wireless indoor and outdoor local area networks [1][2].
Designing very high speed wireless links that offers good quality of services in absence of line of sight communication
offers a significant research and engineering challenge. 1 Gb/s transmission means the bandwidth (measured in Hz) and
spectral efficiency (measured in bits/sec/Hz) product reaches a billion. In this article we find Wideband Code Division
Multiple Access (WCDMA) as the solution to the problem along with a QAM modulation scheme. In absence of fading
this is sufficient to meet the goal of a billion bits/second, though the A/D design in baseband will be complicated which
is not discussed here.

Direct Sequence Code Division Multiple Access (DS-CDMA), which is the main point of focus, is one of the most
promising technology of twentieth century for cellular telecommunications services. The advantages of DS-CDMA
include improved cellular capacity and superior performance in Multi-path environments. The capacity increase for
voice transmission is roughly ten folds than frequency division multiple access and time division multiple access.
Normally speech is not continuous [3] and we talk roughly 3/8 of the time. So for CDMA we get a capacity increase by
8/3. Moreover if we use Decision Feedback Cancellation scheme along with adaptive detector we get a capacity
increase by ten. In case of data communication we get a theoretical equation of Shannon’s Capacity theorem C=B
log,(1+P/BN), where C is the capacity, B is bandwidth, P is average power and N is noise. Now if we increase B to 10
by QAM-WCDMA, the noise variance increases by 16 (equivalent) and there is a noise reduction to 0.0625
(considering shifted m-sequence). Also we may take P=2 because there is a compression. If we consider QAM-
WCDMA, the capacity will be more than ten times. Moreover CDMA technology is most suited because it has
“bandwidth on demand” multimedia application and soft handoff.

Recently it has been found that Multicarrier Code Division Multiple Access is expected to be the best among all other
code division multiple access schemes [1]. However, MC-CDMA requires IFFT in modulation and FFT in
demodulation scheme which are computationally complicated. So we choose a Synchronous CDMA for Downlink and
TDM-Synchronous CDMA for Uplink. Moreover, we like to compress data and transmit QAM signal. So the overall
transmission will be QAM-synchronous WCDMA [4].

The organization of the paper is as follows. Section Il introduces the transmitter [5] and in the Section 11l the channel
model is described. In Section IV we discuss about the demodulation structure — De-correlating Detector. In the Section
V we describe about the Decision Feedback Cancellation (DFC) scheme and DFC based adaptive scheme. Section VI
is about Trellis Coded Modulation [6][7] to improve the performance of QAM Modulation and Section VII about the
system of TCM Coded QAM-WCDMA scheme and we conclude the paper in the next Section.

Il. MODULATION

Figure 1 illustrates the QAM-WCDMA transmitter [4]. At the transmitter, after the binary data is BCH channel
encoded and interleaved, the encoded data sequence is transformed into serial to N parallel bits. In each parallel bit, 5
bits are converted into a Pulse Amplitude Modulated symbol. So it will be a PAM signal modulated by a spreading
sequence which will be a shifted m-sequence. Here we choose a pseudorandom sequence of length 31. This allows
parallel 31 bits to be transmitted at the same time. We choose 32 levels PAM modulation in in-phase and quadrature-
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phase streams. So the transmitted bits are 2 * 31 *5*5 *0.645*1076 for a bandwidth of 20 MHz i.e. 31*0.645 MHz.
We can put 5N parallel paths with a delay of 0,T./4,T/2 and 3T./4. We can scale down the data rate.

32/64 level
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Figure.1 Modulator for QAM-WCDMA which
has 31X2 data input for | and Q branches.

Mathematically, the synchronous WCDMA transmitted signal in baseband is given by:
N
= X bC
= 2k

Where by is the bit in kth parallel path and Cy is the spreading shifted m-sequence in kth parallel path. N is the total
number of parallel paths.

For QAM-WCDMA the transmitted signal will be

N N
S(t) = (kzlAka )coswct + (kzl By Cy )sin wet
Where A, and By are the PAM signal for 5 bits in parallel paths.

I11. CHANNEL MODELLING

Here we assume that if the bandwidth-delay spread product of the channel satisfies B*[1, >=0.1 the channel is
generally said to be frequency selective [2]. Now for our case the channel is 20/40 MHz of bandwidth and the
maximum rms delay spread is 1 microsecond at the frequency of 4.6 to 5 GHz[1]. So the channel is frequency selective.
We consider the channel has impulse response as given by

h[n] = MS(n) + hyd(n —7) + S (N = 27) + oo,
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Figure 2: Demodulator for QAM-
CDMA modulated signal.
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Where hy, h, , hs has an exponential profile and the ris the delay between two adjacent paths. hy, h,, hs.... varies with a
given statistics but remain constant for small variation in time.

IV. DEMODULATION — DECORRELATING DETECTOR

Figure 2 shows the demodulator structure for QAM-WCDMA modulated signal. The DSP processor implements the
multiuser detector in in-phase and quadrature phase. In this section we consider de-correlating detector [9] for
multipath spread. The multipath delays coefficients, that is, hy, h,, hs are known by transmitting a m-sequence for a bit
period and receiving it over two/three bit periods [10]. We assume two multipath, so the in-phase baseband signal will
be given by

N N
n(n) = hlkzlAka (n) +hy kElAka (n-17)

For two parallel paths and two multipath spread, the de-correlating detector will be

NCy | | MCiCh +hyCi(n—2)Ch  hy +hyCo(n—2)Chp || A2

So we can find A; and A, the PAM signals.

V. DECcISION FEEDBACK CANCELLATION AND ADAPTIVE DFC

Figure 3 shows the single stage of Decision Feed Back Cancellation scheme [11][12]. It has been reported [8] that
interference cancellation has been used for QAM-WCDMA. Here we estimate the signal strength for each parallel
path, re-spread it and subtract from incoming signal to form residue. Estimation is done by correlating the signal with
the Cy. The estimation of the signal strength is done by adding signal of all DFC stages for each parallel path.

Received
<sinnal

A N > -
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Figure 3: Single Stage of Decision Feedback Cancellation Scheme
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The advantage is it is accurate as we increase the number of DFC stages.
Assume, there are two users without multipath spread, the received signal is given by

r = alcl T 32C2 +n
Where, a; and a, are the signal strength of path 1 and path 2 with their spreading sequences C; and C,. Noise is given

by 7.
The estimation of the signal of path 1 with three stages of DFC

. t t t t 2 .2

With a noise term,

1 2

t ottt 1 ottt 1
n {Ct CoCrCp  C1GCyCHC CZCZC1C1C2C2C1}
_ N _
No NiNp NiNp

So, we find that the noise variance reduces.

In adaptive DFC scheme, we solve the Wiener-Hopf equation to get the tap coefficients w, and use the coefficients to
correlate and estimate strength in each path. The optimum coefficients are found by using reference [13], where it was
found for asynchronous CDMA. For synchronous QAM-WCDMA with two multipath spread, let there be two parallel

paths and two multipath h; and h, with a time delay of z, the received signal in baseband is

r= hlA:LCl + h2A1Cl(n - Z') + hlAZCZ + h2A2C2 (n - T)
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But to find the tap coefficients we consider a single bit instead of PAM signal. Then the received signal is
r = hlblcl + hzblcl(n - T) + hlb2C2 + h2b2C2 (n - T)

So the Weiner-Hopf equation is w*=R™p

Where R = E{r'r}}.
So,

2t 2 _t t t

+hECHCy + h3Ch(2)Cy (2) + hyhyCo (2)Cy + ihyChCo (2)
And p:hlcl + h2C1(z')

We know that for synchronous CDMA the dimension is N and it is N even when the multipath is present. But
convergence in adaptive DFC scheme is possible for less than 2N users. So we get a capacity increased to twice (that is
2N). We can use QAM and increase the capacity five times. So, overall capacity is increase more than 5 folds. In | and
Q phase we get the increase to ten folds. We find the adaptive coefficients by using DFC block which is much faster.

VI. TRELLIS CODED MODULATION FOR PAM SIGNAL

Traditionally, coding and modulation are considered as two separate parts of a digital communication systems
[6][7]- The input message bits are first channel encoded (extra 1 bit is added) and then these encoded bits are converted
into an analog waveform by modulator. Both these blocks are optimized separately. A higher performance is obtained
in trellis coded Modulation (TCM) for PAM where it is possible to get coding gain without bandwidth expansion by
integrating the encoder with modulator [7].

Here we use Ungerboek TCM modulator for PAM signal [6]. Here the modulator is five bits for 4 bits PAM signal. We
also propose a method of protecting the bits as given in reference [14] so that the signal is protected against phase
reversal. It is like a scheme used for Differential Phase Shift Keying. We take X-NOR on the incoming data with the
previous data bits in parallel. We expect to get a gain associated with X-NOR operation.

Like convolutional code, TCM schemes are described by using trellis diagram. Any input sequence to a TCM encoder
gets encoded based on trellis diagram. The task of the TCM decoder is to find the path which is closest or most likely
depending on maximum likelihood criteria. This is done by Viterbi Decoder.

VIlI. SYSTEM MODEL

Figure 4 is a block diagram of the end-to-end system under investigation [6]. Input bits representing data are passed
through an encoder (BCH code) and then block interleaved (here it is 31 X 31). Then in parallel 31 bits are sent and
serially they are grouped by 4 bits to get the trellis encoder. The output of trellis encoder is 5 bits and in each bit we put
an
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Figure 4: System overview of transmitter and receiver
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X-nor logic to get rid of the phase reversal. Then we put it through the signal set (0-31) to get the PAM signal. Then it
is spread by code and added to get the signal which is modulated. Signal in PAM modulator is shown in Figure 5.

At the receiver, the faded signal is converted to baseband signal and sent through a 9/10 bits 80 Msps A/D in | and Q
phase. Then at Adaptive DFC stage we estimate the signal in each 5x31 parallel paths, convert them to digital signal
from PAM signal, x-nor the output and feed them to Viterbi Decoder. Then 5x31 parallel signals are de-interleaved and
fed to the channel decoder.

VIIl. CONCLUSION

In this article we discussed a broadband wireless scheme which allows a Giga bit/s transmission. The downlink is
Synchronous QAM-WCDMA and uplink is TDM-QAM-WCDMA. The uplink shares the time like in GSM avoiding
asynchronous QAM-WCDMA. We showed that a subtractive interference cancellation scheme named DFC scheme is
better as number of user can be accommodated is twice with accurate estimate of the signal strength if there exists a
convergence in adaptive scheme. This allows a higher bit rate that is more parallel paths in transmitter. Also a method
is discussed to reduce bit error for phase reversal due to fading (a minimum gain of 2.75 in TCM coding).

3211->3>
1>01->1>
2>10>-1>
- 0->00->-3> >

Figure 5: Mapping of PAM signal so that X-NOR can be done
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