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Abstract—This paper describes an iterative interference can- > Channel
celing receiver for MIMO channels where the channel is corre- Y Estimator S
lated and the fading is fast. The receiver estimates the complex -
channel coefficients by utilising periodically inserted pilot bits H
and the iterative receiver removes interference over iterations. 7 DV
Channel estimation is improved over iterations by utilizing the 1 g _ 1 1
data estimates from the previous iteration. A low complexity | 8 h | Interleaver ‘
system results with performance close to optimal. 'l 85 |o : :
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There are currently three popular implementations of L > >
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BLAST: Diagonal-BLAST [1], Vertical-BLAST (V-BLAST)
[2] and more recently, Turbo-BLAST (T-BLAST) [3]. All Soft Decoders
these systems usg- transmit antenna andg, receive antenna,
whereng > np. In all implementations the data stream to be
transmitted is split up inta parallel sub-streams and an array
of antenna are then used to transmit the sub-streams while the
total transmit power is held constant. Each antenna uses thq) Detector: The major source of error in BLAST is
entire channel bandwidth and simultaneously with the othg{s"-o.antenna interference (CAl) created by using rihe
antenna. transmitting antennas simultaneously. Our detector performs
The digital information is transmitted across an independeterference cancelation on each sub-stream using estimates
continuous correlated Rayleigh fading channel. Thexnr  of the interferers, i.e. estimates of the other streams. These
channels, at time, are represented by ar xnr matrix, H;,  estimates are generated using the a-priori probabilities which
with each element of the matrix being zero-mean complgye output as a-posteriori probabilities by the parallel
white Gaussian random variables taken from a continuoggcoders in the previous iteration.
function generated using the Jakes model [5]. ket =

Fig. 1. TURBO-BLAST lterative Receiver Structure

[1,4, %24, ---,%ny i) DE thenpx1 vector representing the
transmitted signal at timé r; theng x1 received vector and B3] = Z T P(Zr), k=1,2,....np (2)
n; the npx1 vector representing the white Gaussian noise Zpe{+1,-1}
with zero mean and varianes,. The received vector is then _ . o
i . After interference cancelation has been performed the decision
given by:
statistic for thek!" information bit is given by:
r, = LHZ)Zl +n; nr
\ nr
w, =gy + Y hy(z; — Elz;]) +n 3)
=H;x; +n; 1) i=1
J#k

A. lterative Receiver . .
where hy, is the k' column of the channel matriH{ and

Figure 1 shows the structure of the iterative receiver uséf’ denotes the Hermitian or conjugate transform lof.
in our TURBO-BLAST system. The main components of th®n the first iteration the estimates of the interferers is zero.
receiver are thevy parallel detectors followed by parallel However after several iterations the estimates of the interferers,
decoders and the channel estimator. approaches the true value. x| — x.



To extract the desired signal from (3) we use Maximur '
Ratio Combining (MRC). The output of the detector, for th: o o
k" information bit, is given by:

nr
dy, = R{h'hyay + b’ > hy(z; — Elx;]) + hifn}  (4)
=1
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The second term represents the CAl and goes to zero as &
estimates of the interferers improves and so we are left wz 10*
only the signal and the noise term. Allowing us to achieye
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ror Rate (BER)

fold receive diverSitY- —— Channel Re—estimation (100 Hz)
2) Decoders: The decoders are identical Maximum A- o | 5 FlotEsimaton (1004
Posteriori decoders using the BCJR algorithm [6], [7]. Th PR et isiineri- st Sabl
decoded output is produced by making hard decisions on i 2 Ko Onanel (Lawet Bound)
probabilities of the information bits. 107 L L L . : : s

. . Eb/No [dB]
B. Channel Re-estimation

Time multiplexed pilots are used on the first two iterations Fig- 2. BERVs.Ey/No

of the receiver. On the third and subsequent iterations we
propose a new technique to re-estimate the channel maiﬁix Bit Error Rate Performance
using the interference canceled sub-streams produced by thie )
detectors and the soft estimates of the coded bits produced bfigure 2 shows the receiver BER performance versus

the decoders. Letr, be the interference canceled signal fofss/No. The receiver for the 100 Hz case was run for 4
the k** data bit, as defined by (3). The estimate of #f¢ iterations while in the 200 Hz case the receiver reached its

column of the channel matril, at timei, is given by: best performance in 3 iterations. The value of M for the re-
estimation scheme, found by experimentation to provide the
Dy = /g g BlZ ) (5) lowest MSE, was 20 and 12 for the 100 Hz and 200 Hz

channel, respectively. The performance plots are not adjusted
whereE[z;] is as defined in (2). Clearly the channel estimaigy this power loss from the pilot of 0.23dB and 0.46dB,
will contain an error due to imperfect interference cancelatiq@spective|y_ Our scheme’s performance is within 2dB of
and noise. To improve the channel estimate we average getfect channel knowledge while the embedded pilot schemes
the M previous estimates using a Moving Average Proce?)%rformance is very poor, not achieving a BER beliv!.
So the channel estimate for th¢ time instant is given by:  sSignificant improvements using channel re-estimation over

M1 iterations of up to 1.5dB is possible compared to just utilizing
7. — T the pilot bits for channel estimation.
H, = H,_; (6)
J=0 REFERENCES
WhereI:I,i = [ﬁl i f12 P ﬁ”T i], from (5). [1] J. G. Foschini, “Layered space-time architecture for wireless communi-
' ’ ' cation in a fading envionment when using multiple element antennas,”
C. Numerical Results Bell Labs Technical Journal, Autumn 1998996.

. [2] P. W. Wolnaiansky, J. G. Foschini, G. D. Golden, and R. A. Valenzuela,
The TURBO-BLAST system simulated used 4 antennas “v-BLAST: an architecture for realizing very high data rates over the rich-
at transmitter and receiver. The block length of each sub- scattering wireless channelJRSI International Symposium on Signals,
: - : : Systems and Electronicpp. 295-300, 29th Sept.-2nd Oct. 1998.
stream was 200 bits, giving a total packet size of 800 bi M. Sellathurai and S. Haykin, “TURBO-BLAST for wireless communi-
The channel code was a G[7,5] convolutional code, rate 1/2, cations: Theory and experimentdEEE Trans. on Sig. Progvol. 50,
and BPSK modulation. Two channels were simulated WitQ] gp- 5538—554C6, 8ct. 2202L. dhoeH i based
: : : . Sun, D. C. Cox, A. Lozano, an . C. Huang, “Training-base
ma_)(lmum doppler shift frequencies of 100 Hz and 200 H£’ channel estimation for continuous flat fading blast,"Hroc. Int. Conf.
which correspond to speeds of 35 mph (60 km/hr) and 70 mph on communications2002.

(100 km/hr) at a carrier frequency of 2 Ghz. The symbol peridél W. C. JakesMicrowave Mobile Communicationgohn Wiley and Sons,

used V\{aS41us '(correspondlng to IS__136_ standard [8]) Th 6] L.R. ‘Bahl, J. Cocke, F. Jelinek, and J. Raviv, “Optimal decoding of linear
proportion of pilot symbols was 4 pilot bits for for 76 code codes for minimising symbol error ratelEEE Trans. Inform. Theoty
bits and 4 pilot bits for 40 coded bits for the 100 Hz and 200 Vol. 20, pp. 284-287, 1974. o _

Hz frequencies, respectively. This was based on the resultd ‘i aélll-lazy(l)%r; and M. MoherModern Wireless Communications>rentice
[4]. The transmit power was normalised such that this remaips TIA/EIA-136: TDMA Cellular PCSMarch 1999.

constant and independent of the number of transmit antenf§.H. Zhu, B. Farhang-Boroujeny, and C. Schlegel, “Pilot embedding for
The receive diversity gained was also taken into account. The joint channel estimation and data detection in MIMO communication

- ) . . systems,"IEEE Communications Lettersol. 7, pp. 30-32, Jan. 2003.
following three configurations were simulated:



