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ABSTRACT

The 16- and 32-state Trellis-Coded M-ary 4-dimensional (4-D) orthogonal modulation scheme with a frequency-
reuse technique have been investigated. Here, 5 coded bits from a rate 4/5 convolutional encoder provide 32 poss-

ible symbols. Then the signals are mapped by a M-ary 4-D orthogonal modulator, where each signal has equal en-
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ergy and is PSK modulated. In the M-ary 4-D modulator, we have employed the vectors which is derived by the

optimization technique of signal waveforms in a 4-D sphere. This technique is used in maximizing the minimum

Euclidean distance between a set of signal points on a multidimensional sphere.

By combining trellis coding with M-ary 4-D modulation and proper set-partitioning, we have obtained a con-

siderable improvement in the free minimum distance of the system over an AWGN channel. The 16-state scheme

obtains coding gains up to 5.5 dB over the uncoded two-independent QPSK scheme and 2.5 dB over the two-inde-

pendent 2-D TCM scheme. And, the 32-state scheme obtains coding gains up to 6.4 dB over the uncoded two-inde-
pendent QPSK scheme and 3.4 dB over the two-independent 2-D TCM scheme.
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Table 1. Compuler Derived Vectors for 32 signals in 4-D Sphere

A a3 an aj i (distance)’ to Ao Signal Number
Ap —0.362787 0.535530 0.077936 ~0.758630 0.0000 0
Ay —0.427980 —0.272260 0.466066 —0.724907 0.8086 I
Az 0.451956 0.363509 -0.261169 —-0.771614 0.8086 2
As 0.294727 0.241430 0.612178 —{).692882 0.8086 3
As —0.691247 0.688544 —0.219103 0.008850 0.8086 4
As —0.259356 0.371163 —0.753521 —0.476633 0.8086 S
Ag —0.856946 —0.067417 —0.245302 —0.448248 0.8086 6
Ay —0.116650 0.789680 0.591972 -0.111212 0.8086 7
Ag 0.156285 0.940721 -0.261711 —0.143747 0.9209 8
As —0.181843 —=0.018111 0.980102 -0.077489 1.6171 9
Ao —~0.701912 0.319009 0.513283 0.376952 1.6410 10
Ay 0.379311 —0.536620 0.171329 —0.734036 1.7095 11
A 0.773160 0.565435 0.271390 —0.094097 1.7703 12
A 0.283769 —0.376914 —0.688978 —0.550200 1.8822 26
A —0.354732 —0.810617 —0.185695 ~0.427296 1.9915 13
Ajs —0.787337 —0.502078 0.352972 0.058555 2.0003 28
Als ~-0.109646 0.770608 0.073873 0.623445 2.0295 27
A 0.527609 0.319783 —0.785662 —0.045853 2.0932 25
Ay -0.407299 -0.368404 —0.835673 0.006029 2.2385 14
Ao —0.815783 -0.052073 —0.288707 0.498432 2.2651 15
A —0.192989 0.418606 ~0.741856 0.487005 2.2662 19
Az 0.935207 —0.175746 —0.187522 —0.243593 2.5264 31
An 0.333593 0.338596 0.716349 0.510795 2.5427 30
An 0.707852 —0.243788 0.660209 —0.060314 2.5803 20
Ao 0.014913 —0.810990 0.579961 —0.075618 2.6743 24
Ass 0.646590 0.374489 -0.208430 0.631059 3.0580 ; 29
Az —0.200860 —0.359605 0.616925 0.670629 3.1608 w 21
Ay 0.430985 —-0.877479 -0.210394 0.004127 3.2916 ! 23
Ax —0.289272 —0.774417 —0.168628 0.536810 3.4603 18
A —0.075166 —0.021930 —0.143978 0.986478 3.4881 17
Az 0.322350 —0.347136 -0.713213 0.516637 3.5007 16
Ay 0.581397 —0.433300 0.179701 0.664782 3.8666 22
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D 1,17 3.459
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D 14, 30 3712
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