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Abstract—A novel spatial modulation channel index detection algorithm using a joint maximum-a-posteriori estimation is proposed
for optical wireless communications with 4-CAP modulation and transmitter diversity. Diversity gain, enabling improvement of about
0.4dB in SNR and 1.5-times in data rate, is achieved with reduced computation complexity.
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I. INTRODUCTION

The increasing demands for remote working/education and high definition video streaming pose a significant challenge to current
indoor wireless networks. Apart from the radio frequency (RF) wireless communication, line-of-sight optical wireless communication
(LoS-OWC) is a promising solution [1], since it can achieve high-capacity connections with competitive advantages of scalable
bandwidth, simple deployment leveraging the fiber-to-the-premise/home broadband networks, and immunity against RF interference.

One of the critical challenges in high-capacity LoS-OWC systems, which is the optical beam blocking, can be addressed by
providing redundant spatial links using spatial diversity. To further increase the data rate and take advantage of the channel gain
difference caused by the partial beam blocking simultaneously, the spatial modulation (SM) technique with transmitter diversity
using signal space diversity (SSD) has been proposed [2, 3]. In this scheme, data from each transmitter was modulated using 4-
Carrierless Amplitude and Phase (CAP) modulation. However, in previous studies [3, 4], the case of wrong SM channel recognition
was never investigated, since the main focus was laid on the performance of SSD. In this paper, we propose a simplified 4-CAP
modulation implementation using only one pair of I/Q filters and a practical novel SM channel index detection algorithm using a
joint maximum-a-posteriori (MAP) estimation at the receiver. Compared with local maximum-likelihood (ML) estimation using the
same adjacent data range factor 7, the proposed joint MAP estimation can provide a 2/3 less computation complexity with a slightly
better bit-error-rate (BER) performance. Besides, the proposed approach can achieve a diversity gain, which enables 0.4dB signal-
to-noise ratio (SNR) improvement at 45° SSD rotation angle.

II. PRINCIPLES
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Fig. 1. Block diagram of SM using novel channel index detection algorithm along with SSD (a) Transmitter; (b) Receiver (after photodetection).
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For the signal coding at the transmitter, SSD is performed with signal rotation followed by diversity interleaving, as shown in
Fig.1 (a). Then the signal for both transmitters is 4-CAP modulated using only one pair of CAP filters before the SM transmitter
selection, which is simplified compared to that in [3] and enables lower complexity implementation. For the signal detection at the
receiver, 4-CAP training symbols are used to obtain the 4-CAP signal value distribution, as illustrated in Fig. 2, with a signal value
precision rounded to 2 decimal places to reasonably reduce the possible x;(f) values. Then the channel index [(t) is estimated using
a joint MAP [2], shown in (1). Note that the conditional probability in (1) is also obtained through training.
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where o is the noise variance, Py is the probability of x{(t), P(x’ ( t)|x’ ( t)) is the conditional probability of x%,(t) given x. ()

with (m, n) €(2,1), (3,2) or (4,3), y is the received electrical signal vector, h; is the corresponding channel gain, x(t) is the possible
transmitted signal vector with x'(t) = {xj’ (t) € [yj /hi =1y h + t],j = 1,2,3,4} and 7 is the adjacent data range factor.

The estimated channel index is then used for the corresponding channel gain compensation, as is shown in Fig.1 (b). To ensure
the accuracy of subsequent CAP signal demodulation, the channel gain compensation is performed separately for each channel, with
channel 1’s gain compensated to that of channel 2, and vice versa. The compensated signals then go through the CAP matched filter
separately for demodulation, and the two output signals are recombined according to their corresponding channel selection in SM.
The subsequent processes, such as diversity deinterleaving and ML decoding, are similar to that described in [3].

Probability Distribution with 0° Rotation Probability Distribution with 45° Rotation ~ a
0.07 . 0.07 ‘e -+ -MAP N
2 N -e-ML 2
0.06 0.06 Y
N
0.05 - 0.05 = EXS P \
[v4
z Z o i "X & "
= = t \ \
F004 50 % ,;\‘? %, ot
¥ - -
2 0.03 - B 003 g T g W
o a - YW P} 1 3‘
0.02 - 0.2 b W
.
e il HH“ I ) 2 3
&
. il | ol MLt AOF A IEY b1 A \ .
-1 -0.5 . ] 0.5 1 -1 -0.5 . 0 0.5 1 8 9 10 8 9 10
Possible xJ(t) value Possible xj[t] value SNR SNR
(a) (b) (2) (b)

Fig. 2. Probability distribution of x;(#) value with SSD rotation (a) 0°; (b) 45°. Fig. 3. Numerical results (a) MAP vs. ML estimation. (b) SSD rotation: 0° vs. 45°.

III. NUMERICAL SIMULATIONS

Numerical simulation results of the system BER performance using the proposed joint MAP estimation and using the local ML
estimation with 0° SSD rotation angle is compared in Fig. 3 (a). The local ML estimation is conducted using the same adjacent data
range factor 7 as that for the joint MAP estimation. Using 7 for local ML estimation is reasonable, since 7 is larger than the maximum
channel noise, and the transmitted signal is ensured to falls in the T range. It can be seen that the joint MAP estimation results in a
slightly better BER performance. Besides, the computation complexity of joint MAP estimation is much lower than that of the local
ML estimation since fewer x; (f) symbols have valid values with the probability distribution shown in Fig. 2. This in turn reduces the
number of computations by about 2/3 through the simulation where 7=0.17 and SNR=9.45.

Numerical simulation results of the system BER performance with 0° and 45° SSD rotation angles using the proposed joint MAP
estimation is shown in Fig. 3 (b). 45° rotation angle is selected for SSD due to its best diversity gain with optimum minimum
constellation distance. It can be seen that SSD in the 45° rotation angle provides a diversity gain that enables about 0.4dB SNR
improvement. Compared with the ideal channel index detection of SM [3] where SSD rotation could result in a larger SNR
improvement, it can be seen that the performance of channel index detection affects the SSD diversity gain. Nevertheless, our
proposed approach can efficiently detect the SM channel index and achieve diversity gain, thus addressing the challenge that CAP
signals have numerous signal power levels (values) and the SM channel index detection using channel gain is typically problematic.

IV. CONCLUSIONS

A novel efficient SM channel index detection algorithm using a joint MAP estimation has been designed for indoor OWC systems,
with SSD for realizing transmitter diversity, and SM for increasing the data rate. Results have shown that, compared with the local
ML estimation counterpart, the joint MAP estimation can be achieved with 2/3 less computation complexity, and competitive
performance can also be attained. In addition, results have shown that with the diversity gain, an SNR improvement of about 0.4dB
can be achieved using the proposed channel index detection algorithm.
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