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Tradeoffs in Frequency-Hopped Multiple-Access Communications
with Reed-Solomon Code and MFSK in Rayleigh Fading Channel
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ABSTRACT

We consider a frequency-hopped multiple-access communication system that employs Reed-Solomon code over
GF( Q) and M-ary FSK signaling (M < @) in Rayleigh fading channel. We investigate the tradeoff among the modul-
ation symbol size ( M), the number of frequency slots, and the code rate in maximizing the average number of
successfully transmitted information bits per unit time and unit bandwidth (called normalized throughput). We find
that it is desirable to use a large M in noise-limited environment. In interference-limited environment, it is more
important to prevent errors (hits) by increasing the number of frequency slots than to correct them with forward

error correction techniques or to reduce the error rate by increasing M.
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Table 2. Probability of M-ary modulation symbol error,
P, y, against the number of users K:»=1,
¢=100 @ E/Ny=10 [dB] (b) E,/Ny=20
[dB]

M=2 M =4 M=38

Exact | Approx. | Exact | Approx. | Exact | Approx.
K |Eq (12) | Eq. (17) | Eq. (12) {Eq. (17} | Eq. (12) | Eq. (17)
10 19.996¢-0219.996¢-02| 1.091¢-011.035¢-01 | 1.117¢-01(9.810e-02
20 |[1.174e-01|1.174e-01[1.373¢-01]1.260e-01 | 1.454¢-0111.180e-01
30 [1.337¢-01{1.337e-01{1.637¢-0111.474¢-01 {1.770e-01{1.371¢-01
40 [1.491e-01|1.491e-011.886¢-01|1.677e-01{2.069¢-01{1.555¢-01
50 ]1.636¢-01|1.636¢-01|2.121e-01|1.870e-01]2.349¢-011.733¢-01
60 [1.773e-01{1.773e-01{2.341¢-01}2.054¢-01{2.613¢-01 | 1.903¢-01
70 |1.902¢-01|1.902¢-01|2.54%¢-0112.229¢-01{2.862¢-01|2.068¢-01
80 12.023e-01{2.023¢-01|2.745¢-01{2.396e-01 | 3.097¢-01|2.227¢-01
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M=2 M=4 M=8
Exact | Approx. | Exact | Approx. | Exact | Approx.
K |Eq. (12)| Eq. (17){ Eq. (12) | Eq. (17) | Eq. (12) | Eq. (17)
10 |3.108e-02(3.108¢-02]4.124¢-02|3.410e-02 | 4.622¢-02 | 2.981¢-02
20 |5.328¢-0215.328¢-02|7.482¢-02|6.054¢-02|8.551e-02|5.253e-02
30 [7.407¢-02]7.407¢-02]1.063¢-01]8.559-02 | 1.223¢-01|7.436¢-02
40 [9.356e-0219.356e-02]1.357e-01]1.093¢-01 | 1.568¢-01]9.534¢-02
50 |[1.118¢-01{1.118e-01]1.634e-01|1.319¢-011.891e-01]1.155¢-01
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80 {1.602e-011.602¢-01]2.364¢-01|1.929¢-01|2.746¢-01 | 1.715¢-01
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¥ 3. AMARE Kol gt M-ary B AE 2F B8 P,
of 4 ¥4 Z3ie AHE wel AW A y=1,
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Table 3. Probability of M-ary modulation symbol error,

P, y, against thc number of users K: r=1,

M=8, ¢=100

'E,/N, =10 [dB]| E,/N, =20 [dB]| E,/N, = 30 [dB]
K | Eq. (12) {Simulation| Eq. (12) [Simulation| Eq. (12) {Simulation

10| 1.116e-01]1.117¢-01{4.622¢-02 |4.641¢-02|3.913e-02|3.910¢-02
20 {1.453¢-011.448¢-01]8.551¢-02 |8.544e-02 {7.906¢-02 | 7.886¢-02
30 11.770e-01{1.773e-01{1.223e-01 {1.224¢-01 | 1.164e-01{ 1.163¢-01
40 12.068¢-01(2.075¢-01}1.568¢-01|1.573e-01|1.514e-01}1.517e-01
50 {2.349e-01(2.356¢-01 | 1.891e-01|1.897¢-01|1.842¢-01 | 1.844¢-01
60 [2.613e-01{2.609¢-01(2.194¢-01|2.185¢-012.14%9¢-01 | 2.156e-01
70 {2.862¢-012.863e-01|2.479¢-0112.466e-01 {2.438e-01 |2.437¢-01
80 [3.096e-01(3.094¢-01]2.746¢-012.744¢-012.709¢-01 (2.722¢-01
90 3.317e-01]3.312¢-01]{2.997¢-01|3.005¢-01 | 2.963¢-01|2.959¢-01

100 |3.526e-01{3.508¢-01(3.233e-0113.212¢-01|3.202¢-01|3.209¢-01
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Fig. 3 Optimum (g, k) pair and the maximum normalized
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Fig. 5 Optimum (M, k) pair and the maximum normalized
throughput W, against E,/N,: B=3 [MHz],
T.=10 °, Q=64, ¢g=45 and (63, k) RS code
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Fig. 6 Optimum (M, k) pair and the maximum normalized
throughput W, against the number of users K:
B=3 [MHzl, T,=10% Q=64, g=45 and
(63, &) RS code
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Fig. 7 Optimum (M, ¢) pair and the maximum normalized
throughput  W,,,, against E,/N,: B=3 [MHaz],
T,=10 %, Q=64 and (63,32) RS code
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Fig. 8 Optimum (M, q) pair and the maximum normalized
throughput  W,,,, against the number of users K:
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malized throughput W, against E,/N;: B=3
[MHzl, T,=10%, Q=84 and (63, %) RS code
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Fig. 10 Optimum (M, g, k) triple and the maximum nor-
malized throughput W, against the number of

users K: B=3 [MHz], 7.=10"% Q=64 and
(63, k) RS code
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