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Introduction

There are three different modulations proposed for the feeder communication from a BTS to a RET or to other active devices in the antenna system.  The modulation chosen has at least to fulfil some general requirements when it comes to:

· Reliability

· Robustness

· Transparency

· Potential for low cost manufacturing

· “Future proof”

Discussion
Reliability

The interface will be used in mast-mounted equipment. It is important that this type of equipment has high reliability and because of that it is vital to keep complexity down. It is also important to go for solutions easy to integrate preferable more or less pure digital avoiding critical analogue circuits. It is also an advantage if the solution chosen is easy to protect for lightning currents in the antenna mast. The lightning signal has most of its energy at rather low frequencies. This is an argument for having a rather high frequency for the signalling. The proposed FSK solution has a rather high carrier frequency (Approximately 10 MHz) and a constant envelope simplifying digital realizations. 

Robustness

The solution should be robust enough to be used in many types of antenna systems. Today different types of feeder sharing are getting more and more common and this will introduce additional losses. The signalling is carried on frequencies having wavelengths short enough to require impedance matching (typically 50 ohm) in the system. Any type of splitting the signal will generate at least 3 dB loss. Splitting and the fact that it is hard to achieve perfect matching will give big variations in received signal strength. In a FSK system it is easy to meet this requirement but in an OOK system it is not that easy or in some cases not even possible. 

It is probably possible to have a good enough dynamic range also in an OOK system but it is hard if not having preamble bits telling the average signal level to avoid duty cycle distortion especially on the first received bits at high bit rates. The modulation information in the FSK signal is kept even after an amplifier with infinite gain and this really simplifies a robust realization. 

Transparency

The feeder communication link can be seen as a link in between two or more system components. Asynchronous data communication having start- and stop- bits is used in many of these systems. If the feeder communication will support the same format without any long delays or requiring extra synch pattern it is a big advantage. This is possible for both OOK and FSK but it is easier with FSK if requiring high dynamic range and or high bit rates. If introducing different types of advanced phase shift modulation this is hard to do this without adding a high complexity in between if the basic requirement is to have a more or less standard UART at both ends of the link. 

A feeder communication with a high dynamic range for the receiver will make it possible to have feeder solutions very similar to a RS-485 multi-drop architecture even without using RS-485.

The asynchronous serial data has an unknown distribution between ones and zeros. As a result the energy transmitted if using OOK is unknown. If using FSK the energy on the feeder is data pattern independent, which will really simplify designing a transparent system.

Low cost

It is important that the selected modulation is easy to implement at low cost but still being robust. FSK has constant envelope and there is no need for high-resolution analogue to digital conversion for a digital implementation. For FSK the information in the signal is possible to extract after a high gain amplifier and just a limiter plus a high enough sampling rate. This solution fits very well for integration. The OOK has not got the same potential for low cost integration especially not if talking about higher bit rates and a rather unknown received power level. 

If going for more advanced modulation like DQPSK the cost will increase. The bandwidth needed is more limited but the cost for the extra bandwidth needed by OOK or FSK is low or zero since cellular systems using the same feeder are using a much higher frequency band.

Future proof

New applications and improvements of present applications like software download might require higher data rates. If going for OOK this is and it will be a bottleneck. A FSK system with a high enough modulation index to start with is easy to use for high data rates and 115.2 kbit is not the at all the upper limit.  

Today most of the drawings of an antenna system are showing a BTS, a feeder and perhaps an antenna plus a RET. Many feeder systems are much more complex and the added complexity typically means more difficulties to keep the quality/level of the signalling. It is important to have good enough dynamic to allow further improvement when it comes to smart and cost effective antenna system solutions.   

Miscellaneous

OOK was investigated at Ericsson before we decided to propose FSK. We saw the potential for a simple and quick solution if using OOK. The solution was rejected because of weaknesses when it comes to higher bit rates but also the problem with dynamic range.

Low speed OOK systems have in many cases been used together with bi-phase (Manchester coding). This will reduce the problem with duty–cycle distortion as a function of received signal level. This is not a good alternative if using a standard UART circuit to transmit or receive the raw data.

Conclusion

According to the discussion above Ericsson think it is shown that FSK is the preferred modulation for the feeder communication in order to fulfil the requirements on Reliability, Robustness, Transparency, Potential for low cost manufacturing and “Future proof”. 

