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Fig. 9 (a). The various tower heights which are produced from path simulations for the 

different nodes, taking into account all propagation anomalies. 

Fig. 8. The path profile of the longest link in DWWAN between nodes 24A &24B, 

showing the rugged mountain area with aheight of 3000m ASL. All propagation 

anomalies and region climate parameters are taken into account. 
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Fig. 9 (b). RX simulated power for the various links taking into account propagation 

anomalies and systems signature. 

 

 

Fig. 10. The simulated RX power per channel with the severely errored seconds (SES) 

fading margin. 
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6. Conclusion 

A digital wireless wide area network (DWWAN) design 
methodology is outlined for bands below 10 GHz, as these frequencies 
have very low rain attenuation and long propagation distances. Such a 
system is designed around the 4 GHz band that cover 56 nodes, 28 links 
in a rugged mountain zone with the longest link 53.44 Km. To combat 
the various fading mechanisms, digital microwave systems uses fixed 
MQAM modulation, with M=32…512, realizing SDH data rates that can 
reach to {2 x 155.52 Mbits/sec} per single frequency pair (orthogonal 
beams). A proposal to employ adaptive MQAM scheme is introduced, 
assuming frequency non selective slowly fading channels.  The symbol 
error rate and spectral efficiency equations of adaptive MQAM Rician 
fading channels are established. Adaptive modulation techniques can 
satisfy the growth in demand for wireless communications capacity, as 
the transmitted signal varies according to the instantaneous fading 
channel power. As a result, much higher bit rates relative to the 
conventional fixed signaling can be achieved. Simulations show that 
spectral efficiencies (SPE) up to 8.5 bits/sec/Hz at a BER = 1E-06 can be 
obtained for an average SNR of 32 dB., and this gives about 255 
Mbits/sec for a bandwidth of 30 MHz, while the Shannon limit values are 
{SPE= 15 bits/sec/Hz, at average SNR=33.39 dB}. As the bit error rate 
(BER) requirement is relaxed to 1E-3 simulation shows that SPE goes 
higher to 9.68 bits/sec/Hz for an average SNR of 32 dB.          
Simulations of the ITU performance parameters for the SDH payloads, 
namely the errored second ratio (ESR), severely errored second ratio 
(SESR) & background block error ratio (BBER) show that the designed 
link parameters meet the International Telecommunication Union (ITU) 
model target G.826.     

The above DWWAN can serve as a broadband wireless utility 
network when integrated with SCADA stations. The SCADA net 
employs remote terminal units (remote processors) and Load dispatch 
Centers (LDC) {cluster of large number of processors or supercomputer), 
this architecture provides power grid management functions covering the 
complex dynamic systems control and data collection.   
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