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1. Introduction
Introducing 2 additional transmit antennas requires 2 additional pilot signals (CPICH). It quickly becomes obvious that simply adding 2 more common pilots similar to the P-CPICH is not a very attractive option. Just the consideration that the P-CPICH uses 10% of the total power and consequently 4 similar pilots would require 40% of the total power shows that alternative pilot designs are required.
2. Discussion
Assuming that the 4 transmit antennas are divided into 2 sets of 2 antennas each. Each set is now fed with the P-CPICH and S-CPICH, respectively. Within each set the respective pilot signal is split, coded and transmitted over each antenna.
For coding, our suggestion is to apply a coding scheme on the amplitude of the pilot signals such that the overall power per set remains constant but the distribution on the antenna arrays varies with time. This coding scheme can be either analogously (e.g. sinusoidal and hence extractable easily by means of FFT) or digital. In any case it can be described by shifting the vertex of a rectangular triangle on a circle as displayed in Figure 2‑1.
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Figure 2‑1: Constant sum of pilot power over two transmitting antennas can be achieved be pilot amplitudes being the arms of a rectangle. The modulation of the pilot distribution on two antennas corresponds to a vertex C moving along the circle.

The advantage of a smooth modulation of the amplitude is that the impact on the power amplifiers is less in this case. The frequency of this modulation should be in the range of the length in which the pilot patterns are constant. With a spreading factor of 256 and 4 subsequent equal symbol in the pilot patterns this leads to a modulation frequency in the range of 1/(1024*tTTI)≈0.5Hz.

As an example we want to explain in more detail a scenario with sinusoidal modulation of the pilot amplitude. If we describe an antenna constellation consisting of two cross polarized antenna arrays by two indices, the first one related to the polarization direction and the second one to the location, the pilot signals fed to each of the antennas would be described by
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The signal power being proportional to s2 would be constant per pilot as sin2x+cos2x=1. The absolute value 
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 has been taken to avoid flipping of the sign of the single modulated pilot signals which would destroy the defined pilot patterns. The pilot amplitudes are displayed in Figure 2‑2.
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Figure 2‑2: Pilot amplitudes for absolute sinusoidal modulation.
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 holds, only even Fourier coefficients occur.
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Figure 2‑3: Fourier transform of absolute sinusoidal pilot modulation. The basic frequency is f0/2 corresponding to the periodicity of the absolute sine.

From Figure 2‑3 one can see that several Fourier coefficients contribute to the overall signal. Whereas coefficients of even order are identical for both pilot channels, the ones of odd order have the same absolute value but opposite sign. This is not astonishing as basically both functions differ only by a phase shift. It has to be mentioned that a sampling rate which is a multiple of f0 has been used. This seems to reduce numerical imprecision. A further analytical analysis of the Fourier coefficients is necessary.
Usually, the UEs are smoothening the estimated channel coefficients by averaging them - depending on the velocity with which they are moving - over several slots or even TTIs. This means that any variation in the amplitude of the pilot signals which takes place on time scales below one slot won’t affect the channel coefficients measured by the legacy UEs.

3. Summary
In this contribution, a method for splitting existing pilots is proposed. This method would make the introduction of new pilot signal obsolete since the existing pilots would be sufficient for the estimation of all channels. However, many details and the performance still have to be clarified.  
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