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DMT Transceivers for Frequency Selective Channels
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In this report, we introduce the BTDM
(Block-based Time Division Multiplexing) sys-
tem, which can be obtained from the OFDM
system through a remarkably simple modifica-
tion. For a given signal to noise ratio, it enjoys
a smaller transmission power than the OFDM
system for all practical range of bit error rate.
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The OFDM system is receiving growing atten-
tion as an important transceiver system for
wireless channels [1][2]. Tt has been adopted
in standards for various wireless applications,
e.g., wireless LAN [3]. The transmitter and re-
ceiver perform respectively M-point IDFT and
DFT computation, where M is the number of
tones or subchannels.

In this report, we propose a new class of
DFT based transceivers. In the new system,
both IDFT and DFT computation are done
at the receiver end, the transmitter is an i-
dentity matrix followed by cyclic insertion. It

will be called the BTDM (Block Time Divi-
sion Multiplexing) transceiver. The overall
complexity of the BTDM system is the same
as the OFDM system. The BTDM system
with a zero-forcing receiver (ZF-BTDM) can
be obtained from the OFDM system by mov-
ing the IDFT matrix at the transmitting side
to the end of the receiver. The BTDM sys-
tem, though seemingly simple modification of
the OFDM system, has important advantages
over the OFDM systems. In the BTDM sys-
tem, the transmitter performs only parallel to
serial operation, the PAPR is very low. Fur-
thermore, spectral nulls of the channel do not
lead to prominent performance degradation.
For all practical range of bit error rate, the
BTDM system outperforms the OFDM sys-
tem significantly.
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Zero-forcing Receivers. The block diagram
of the BTDM system is as shown in Fig. 1(a).
The new transceiver can be obtained from the
OFDM system by cascading the DFT matrix
W to the front and the IDFT matrix W' to
the end. At the transmitting side, the DFT
and IDFT matrices cancel off to become the i-
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1: The block diagram of the BTDM with a zero-forcing receiver.

dentity matrix. The new transceiver continues
to be ISI free and the receiver is a zero-forcing
receiver. The transceiver shown in Fig. 1(a)
will be referred to as ZF-BTDM. Now that the
IDFT matrix at the transmitter of the OFD-
M system is moved to the receiving end, there
is no computation at the transmitter and the
receiver performs both DFT and IDFT. The
overall complexity of the transceiver is: one
M x M DFT matrix W, one M x M IDFT
matrix W', and M multipliers 1/P;. Tt is ex-
actly the same as the OFDM system. The
channel dependent part is still the set of M
scalars 1/P;, fori =0,1,--- , M — 1.

As the BTDM transceiver in Fig. 1(a) is
IST free, the output noise vector e, defined as
e = x — s, comes entirely from the channel
noise v(n). It can be verified that the auto-
correlation matrix of the noise vector e is giv-
en by R, = NoWTATAW. Notice that the
matrix WIATAW is circulant, all of its diag-
onal elements are the same. One can verify
that the (0, O)th element of WIATAW is giv-
en by L SV 1/|PJ2. All subchannels have

the same noise variance, given by
M-1

oz, = No/M Y 1/|RF,
i=0

(1)

Therefore the bit error rates in all subchannels
are identical and average bit error rate is also
the same. For BPSK case, it is,

Pezr_prpm =
\/ > 1/|P|2
(2)

k=0,1,---,M—1.

Thresholding Receivers. Consider the
introduction of a thresholding operation to
the receiver of the ZF-BTDM. We modify the
transceiver in Fig. 1(a) to Fig. 1(b) by insert-
ing a diagonal matrix ® in the receiver. The
matrix ©® is a diagonal matrix with diagonal
elements 6; equal to zero or one. The transmit-
ter remains the same. The system in Fig. 1(b)
will be called TH-BTDM as it has an addi-
tional thresholding device. If §; = 0, the i-th
band is discarded. If §; = 1 for all i, it re-
duces to the ZF-BTDM. As some of the bands
may be discarded, the transceiver is no longer
ISI free. The following theorem gives the opti-
mal thresholding matrix ® for minimizing the
total output noise power.

Theorem 1 Consider the transceiver in
Fig. 1(b). The input modulation symbols have
variance Ey and the noise is AWGN with
variance Ny.  For minimum mean squared
error, the diagonal matrix © with diagonal
0; = 0 or 1 should be chosen as,

0<i< M, ~=Es/N,.

{1’
Hi =
0,
(3)

In this case the mnoise wvariance of each
subchannel 1s the same, 2

gwen by, o; =
No Z " min (v, 1/|P|?) . For BPSK modula-
tzon the bit error probability is,

Pery_prpm =
D

1
BE <Y
otherwise,
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2: The magnitude responses of P;(z) and
PQ(Z)

Numerical Examples. The two channels
p1(n) and po(n) to be used for the examples
have length = 4 (L = 3) and coefficients,

pi(n) :[0.0394 0.0112 0.0664 0.0708],

p2(n) : [0.0503 0.0443 0.0724 0.0784)].

The coefficients are obtained from iid Gaus-
sian random variables with zero mean and unit
variance. The magnitude responses of the two
channels are as shown in Fig. 2. The channel
noise is AWGN with zero mean. The modula-
tion symbols are BPSK. We choose M = 64.
We will consider the BTDM system with zero-
forcing and thresholding receivers. The bit er-
ror rates are respectively Peyp_prpay in (2),
and PeTH—BTDM in (4)

Example 1. ZF-BTDM and OFDM. Using
channel p;(n), Fig. 3(a) shows the bit error
rate (BER) performance of the OFDM and
the ZF-BTDM system. The two curves crosses
when BER is equal to 0.03 and v = E,/Nj is
equal to 29 dB. The OFDM system has a low-
er BER than the BTDM system for v < 29dB.
However, for the range of SNR beyond the
crossing, the ZF-BTDM has a smaller BER
for a given SNR. The OFDM system is seri-
ously affected by some of the worst tones and
the ZF-BTDM system has a sharper roll-off
by comparison. To explain this, we plot for
v = 35 dB, the BERs of the 64 subchannel-
s in the OFDM and ZF-BTDM systems in

Fig. 3(b). The subchannels have been ordered
such that |P0| S |P1| S |PM_1| In the
OFDM system the subchannel noise variances
will be in decreasing order and hence the BERs
of individual subchannels are also in decreas-
ing order, as shown in Fig. 3(b). For each of
the 64 subchannels, the SNR and the corre-
sponding BER is shown as one dot in Fig. 3(c).
In the ZF-BTDM system, the noise variances
of all the subchannels are identical, resulting
in the constant line shown in Fig. 3(b). In
the BER v.s. SNR plot of individual sub-
channels (Fig. 3(c)), there is only one point,
shown as a solid square. From Fig. 3(b), we
see that only around one quarters of subchan-
nels are worse than the ZF-BTDM and the
other 3 quarters are actually better or much
better than the ZF-BTDM system. Fig. 3(c)
shows that for v = 35 dB, although some of
the subchannels in the OFDM systems have
very low BER, some of the worst subchannels
still fall in the relatively flat part of the Q-
function and the BER in these subchannel is
high, with the worst BER =~ 0.1. The average
BER for v = 35 dB is around 0.005.

Example 2. Here we compare the BER per-
formances of BTDM system with zero-forcing
receiver (ZF-BTDM), BTDM system with
thresholding receivers (TH-BTDM) to that of
the OFDM system. Fig. 4(a) shows the bit
error rate (BER) performance when the chan-
nel p;(n) is used. The thresholding receiver
performs better than the zero-forcing receiver,
especially for small SNR. The gap narrows as
SNR increases and the two curves converges
as one for SNR over 32.5 dB. This can also be
observed from the thresholding rule in (3); the
bands are retained if v > 1/|P;|* and dropped
otherwise. When v > 1/|P;|? for all i, all the
bands are kept, in which case the receiver be-
comes a zero-forcing receiver. We also see that
the TH-BTDM system outperforms the OFD-
M system for all SNR.

Fig. 4(b) shows the results when the channel
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3: Comparison of OFDM and ZF-BTDM
systems for the channel P;(z).

po(n) is used, which has a zero at around 7.
For the ZF-BTDM system, the channel noise
goes to infinity in each subchannel and the
BER levels at 0.5. However, there is no se-
rious degradation on the performance of the
thresholding receiver. For the OFDM system
the performance is plagued by the spectral null
and the performance is stalling for larger SNR.
When SNR is large the bits in all subchan-
nels can be correctly decoded except for the
subchannel with the spectral null, whose BER
is around 0.5. The overall BER performance
floors at around 1/2M, which is approximate-
ly 0.0078 for M = 64. By comparison, the
TH-BTDM system has a much smaller BER

for larger SNR; the spectral null does not lead
to prominent degradation.
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4: Performance of ZF-BTDM, TH-BTDM
and OFDM systems for (a) channel P;(z) and
(b) channel Py(z).

W

S 4=

[1] J. A. C. Bingham, “Multicarrier Modu-
lation For Data Transmission: An Idea
Whose Time Has Come,” IEEE Commun.
Megazine, vol. 26, no. 6, pp. 5-14, May
1990.

L. J. Cimini, “Analysis and Simulation of
a Digital Mobile Channel Using Orthogo-
nal Frequency Division Multiple Access,”
IEEE Trans. Commun., vol. 30, pp. 665-
675, July 1985.

ISO/IEC, IEEE Std. 802.11a, 1999.

J. G. Proakis, Digital Communications,
McGraw-Hill, 1995.



