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This Recommendation describes certain techniques used by systems used in the amateur service and amateur-satellite services for the purposes of increasing the likelihood of communication along marginal paths or between stations with modest antenna or transmitter capabilities. [To be honed as the preliminary draft new Recommendation nears maturity.] 
The ITU Radiocommunication Assembly,
considering
a)	that the Radio Regulations (RR) defines an amateur service and an amateur-satellite service and allocates frequencies to them on an exclusive or shared basis;
b)	that systems in the amateur and amateur-satellite services operate over a wide range of frequencies;
c)	that stations operating in the amateur and amateur-satellite services vary widely in terms of efficiency;
d)	that certain data handling techniques may enable the successful transmission of a short message under unfavorable conditions, including:
i)	the use of structured data, i.e., data whose values or meanings are dependent upon the standardized model within which the data are presented,
ii)	error correction, and
iii)	encoding and decoding techniques that permit the transmission of messages in a manner other than character-by character;
e)	that the use of structured data, error correction, and encoding/decoding techniques has been successfully implemented within the amateur and amateur-satellite services to achieve successful transmission of short messages under unfavorable conditions, including transmissions utilizing the moon as a passive reflector,
recommends
that the techniques described in Annex 1 should be considered for encoding and digital signal processing techniques used within the amateur and amateur-satellite services.
[bookmark: _Toc107984097]


Annex 1

[Editor’s Note: This is a description by the inventor of one particular implementation of the general techniques described herein. Appropriate material will be extracted for the annex in the final draft.]

The JT65 Communications Protocol 
JT65 is designed to optimize two-way Earth-Moon-Earth (EME) communications on the VHF and UHF amateur bands, and conforms efficiently to the established standards and procedures for such communications. It also performs well for weak signal terrestrial VHF/UHF, and for HF skywave propagation. JT65 includes error correcting features that make it very robust, even with signals much too weak to be heard. With extended transmission duration and three decoders, JT65 can reliably decode 24 to 30 dB below the noise floor in a 2.4 kHz bandwidth.
JT65 does not transmit messages character by character, as done in Morse code. Instead, whole messages are translated into unique strings of 72 bits, and from those into sequences of 63 six-bit symbols. These symbols are transmitted over a radio channel; some of them may arrive intact, while others are corrupted by noise. If enough of the symbols are correct, the full 72-bit compressed message can be recovered exactly. The decoded bits are then translated back into the human-readable message that was sent. The coding scheme and robust forward error correction (FEC) assure that messages are never received in fragments. Message components cannot be mistaken for one another, and call signs are never displayed with a few characters missing or incorrect. There is no chance for the letter O or R in a call sign to be confused with a signal report or an acknowledgment, as was possible using previous generation protocols for EME communications.
JT65 uses 60-second transmit-receive sequences and carefully structured messages. Standard messages are compressed so that two call signs and a grid locator can be transmitted with just 71 bits. A 72nd bit serves as a flag to indicate that the message consists of arbitrary text (up to 13 characters) instead of call signs and a grid locator. Special formats allow other information such as call sign prefixes (for example, ZA/PA2CHR) or numerical signal reports (in dB compared to a reference unique to each receiver) to be substituted for the grid locator.
The aim of source encoding is to compress the common messages used for EME communications into a minimum fixed number of bits. After being compressed into 72 bits, a JT65 message is augmented with 306 uniquely defined error-correcting bits. The FEC coding rate is such that each message is transmitted with a redundancy ratio of 5.25. With a good error-correcting code, however, the resulting performance and sensitivity are far superior to those obtainable with simple five times message repetition. The high level of redundancy means that JT65 copes extremely well under fading conditions. Signals that are discernible to the software for as little as 10 to 15 seconds in a transmission can be decoded without error.
JT65 requires tight synchronization of time and frequency between transmitter and receiver. Each transmission is divided into 126 contiguous time intervals or symbols, each lasting 0.372 s. Within each interval the waveform is a constant-amplitude sinusoid at one of 65 pre-defined frequencies. Half of the channel symbols are devoted to a pseudorandom synchronizing vector interleaved with the encoded information symbols. The sync vector allows calibration of relative time and frequency offsets between transmitter and receiver. A transmission nominally begins at t = 1 s after the start of a UTC minute and finishes at t = 47.8 s.


Receiver-side software performs its JT65 decoding in three phases: a soft-decision Reed-Solomon decoder, a deep search decoder, and a decoder for shorthand messages. In circumstances involving birdies, atmospherics, or other interference, operator interaction is an essential part of the decoding process. The operator can enable a “Zap” function to excise birdies, a “Clip” function to suppress broadband noise spikes and a “Freeze” feature to limit the frequency range searched for a sync tone. Using these aids and the program’s graphical and numerical displays appropriately, the operator is well equipped to recognize and discard any spurious output from the decoder.
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