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RECOMMENDATION ITU-R SM. 1266' 

ADAPTIVE MF/HF SYSTEMS 

(Question ITU-R 204/1) 

( 1997) 

The ITU Radiocommunication Assembly, 

considering 

a) that in recent years adaptive MFíiiF systems have been developed which automatically select the optimum 
channel from a predetermined group of channels; 

b) that frequencies in the MF/HF bands are heavily used; 

cl  that World Administrative Radio Conference for Dealing with Frequency Allocations in Certain Parts of the 
Spectrum (Malaga-Torremolinos, 1992) (WARC-92) allocated more spectrum to the HF broadcasting service while 
reducing spectrum available for fixed and mobile services, necessitating better use of frequencies allocated to these 
services; 

d) that, in the MF/HF bands, voice traffic is increasingly being replaced by data traffic, which tends to require a 
high quality channel for short periods; 

e) that use of adaptive systems, which release a radio channel when they have no traffic, will improve spectrum 
efficiency by allowance for frequency sharing; 

9 that the use of adaptive systems, which monitor the propagation conditions in real time and release the channel 
to other users under time-varying propagation conditions, will increase spectrum efficiency; 

g) that although current Radio Regulations (RR) do not preclude operation of adaptive MF/HF systems, all the 
advantages associated with existing and planned adaptive MF/HF systems may be enhanced by a more flexible 
regulatory environment, a matter requiring the completion of ongoing studies and simulations, 

recognizing 

that the advantages of adaptive MF/HF systems will increase with access to an increasing number of channels, a> 

recommends 

1 that administrations encourage the use of adaptive systems; 

2 that the information concerning adaptive systems, as given in Annex 1, should be considered when planning 
new MF/HF communication systems and when proposing modifications to the regulatory and licensing policies for 
new MF/HF communication systems; 

3 that administrations continue to apply current spectrum management procedures i n  the MF/HF spectrum, but 
more flexible approaches should be considered based upon the outcome of studies mentioned in $ g). 

* This Recommendation should be brought to the attention of Radiocorninunication Study Groups 8 and 9 and the Special 
Committee. 
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ANNEX 1 

Adaptive MF/HF systems 

1 Adaptive MFIHF technologies 

1.1 Introduction 

The advent of new component technology, digital signal processing (DSP), and automation has led to the re-examination 
of system concepts which have been employed in MF and HF systems. MF/HF radiocommunications are subject to a 
wide array of channel variabilities, including well-known temporal and spatial variations in the propagation 
characteristics, and time-varying changes in the noise and interference environment, many of these variations being 
unpredictable. The human operator, schooled in the nature of propagation variability, has had to make critical decisions 
regarding the appropriate use of authorized frequencies at any given time, oAen with the aid of a static prediction model. 

Engineering solutions have been developed to relieve the operator of much of this burden, taking the variability of 
propagation conditions into account. These solutions include: adaptive equalization of the channel, adaptive rate of data 
transmission, adaptive power management, and adaptive application of propagation paths and other resources based 
upon real-time sounding or channel probing. Though a number of systems using different approaches have been 
developed and placed in operation by administrations for government and commercial purposes, all of the systems have 
one thing in common. They are responsive to the time-varying changes in the MF/HF propagation channel, including 
signal, noise and interference. Below are some considerations that help define the concept of adaptive MFIHF systems. 

1.2 Properties of adaptive MF/HF systems 

An adaptive system utilizes real-time information about the channel environment and its variations and compensates to 
optimize performance and such systems match equipment parameters to existing channel conditions in a manner which 
is both efficient and optimal. Since the environmental state varies with time, the system must update the matching 
process periodically or even continuously. The update rate is ultimately dependent upon the sensitivity of performance to 
parameter change. A variety of Real-Time Channel-Evaluation (RTCE) methods are employed by adaptive MFIHF 
systems. 

The types of adaptation used in MFíHF systems depend upon the communication level: transmission, link, network, or 
system. The attributes associated with each level are shown in Table 1 .  RTCE methods may be employed and exploited 
at all levels to facilitate the specified attributes. The most common form of RTCE resides at the link level. 

The lower levels of adaptivity may involve various signal processing schemes such as channel equalization, methods 
which may be made adaptive through use of sounding or more efficient methods for learning the channel. Other 
low-level schemes include methods involving feedback of signal quality or bit error rate. At higher levels of adaptivity, 
there is a need to make decisions regarding the communication network, and issues such as frequency sharing and 
frequency reuse become important. 

A fully adaptive MF/HF system typically operates under computer control of most functions, and is capable of 
automatically establishing and maintaining systemwide operation by immediate response to time-varying changes in the 
total environment including: system propagation factors, external noise, channel occupancy, and interference conditions. 

Some adaptive MF/HF systems may automatically adjust only a subset of the above factors. The most common forin of 
adaptation is frequency selection for performance optimization at the link level. Such systems may be referred to as 
frequency-adaptive. However, additional forms incorporating RTCE methods are not uncommon at the transmission, 
network, and system-wide levels. Descriptions of the various adaptive techniques are presented in Recommen- 
dation ITU-R F.1110. 
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