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Introduction
Discussion is currently ongoing about several aspects of reference/pilot symbols for the OFDM downlink proposal.  This contribution discusses aspects of non-pilot symbols that may be used as reference symbols.

Reference/Pilot Symbols

According to TR 25.814 section 7.1.1.2.2, reference/pilot symbols are inserted into the time/frequency grid according to a known pattern [1]. Reference/pilot symbols are required for a number of purposes:

· Channel estimation for coherent demodulation

· Channel state measurement

· Handover or cell-selection decision according to channel states

Pilot symbols are a simple and widely used way of creating reference symbols. The use of pilot symbols results in the following:

· Amplitude (power) and phase of a pilot symbol are fully known a priori to transmitter and receiver

· Averaging of received pilot symbols reduces noise influence on the estimation (assuming a flat channel, [2][3])
· Resources used for pilot symbols are lost for data transmission

While the first two properties are of course highly beneficial for the whole system performance, the last property is undesirable. Therefore it appears worthwhile to consider if and how non-pilot symbols may be employed as reference symbols.

Data Symbols as Reference Symbols
As an alternative to pilot symbols, data symbols may be used for reference purposes. This evidently removes the a-priori knowledge to a certain extent (depending on the data symbol modulation scheme), but positively reduces the loss of data transmission resources.

Using both pilot and data symbols as reference symbols leads to semi-blind estimation techniques, while using only data symbols usually requires the use of blind estimation techniques. Obviously this is very tricky or even not feasible for data modulation schemes that show many ambiguities in amplitude or phase, such as 16-QAM or 64-QAM

Therefore using simple data symbols as reference symbols may be applicable under the following circumstances:

· When low-order data modulation schemes are used (preferably BPSK, QPSK)

· If sufficient receiver processing power is available to allow iterative blind estimation/demodulation/decoding

· If data symbols are used as a supplement to pilot symbols for semi-blind estimation 

In order to improve the usability of data symbols as reference symbols, the data symbol generation method may be modified to achieve one or both of the following items:

a) reduction or removal of ambiguities in amplitude or phase

b) resilience of the channel estimation against noise

One approach that is considered here in more detail involves the repetition of data symbols. Repetition inherently increases the reliability of the transmitted information bits, and is therefore beneficial.

Since the obvious inverse of repetition at the transmitter is combination (or averaging) at the receiver, item b) can be fulfilled easily. Solving item a) can focus on the combination of two symbols. One approach is to introduce special relations between a data symbol and its repetition, reducing or removing ambiguities for the combination. Such a “Quasi-Pilot” combination can therefore be used like a pilot symbol as a reference. The Annex shows two exemplary relations for QPSK and 16-QAM how a Quasi-Pilot may be generated, to the point that amplitude and phase ambiguities are removed completely. Similar to simple data symbols, Quasi-Pilot symbols may be designed to be used alone, or in conjunction with pilot symbols. Due to these properties it appears worthwhile to study such Quasi-Pilots more deeply.

Conclusions
This contribution discusses aspects of reference/pilot symbols. Usually data symbols are not suitable for reference symbol purposes due to their inherent levels of ambiguity without a considerable increase of estimator complexity. However in order to reduce the pilot symbol overhead and to increase the noise resilience of the estimation we believe it is desirable to consider other means like the introduced repetition-based approach.
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Annex: Example for Quasi-Pilot Symbols
For a QPSK modulation constellation, an example mapping for a data symbol and a modified mapping for the repetition of this data symbol is given in Figure 1. Combining both symbols results in either +(2 or -(2, assuming that each constellation is normalised to an average transmit power of 1.
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Figure 1. Mapping patterns using QPSK

In an example for Figure 1, a data word is mapped onto 
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(in orange) using the mapping for the normal symbol, and onto 
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 using the mapping for the repeated symbol. The combination of both symbols is 
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For a higher-level modulation constellation like 16-QAM, an example mapping for a normal data symbol and a mapping for the repeated data symbols is given in Figure 2. A combination of these results in either +(1.6 or -(1.6, assuming that each constellation is normalised to an average transmit power of 1.
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Figure 2. Mapping patterns using 16-QAM

As a 16-QAM example, a data word is mapped onto 
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(in orange) using the mapping for the normal symbol, and onto 
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 using the mapping for the repeated symbol. The combination of both symbols is 
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. Likewise another data word is mapped onto 
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In summary we can achieve by combination a Quasi-Pilot that has the same ambiguity properties as a BPSK symbol. By using only a subset of the possible modulation symbols it is further possible to remove the phase ambiguity of the result, making the Quasi-Pilot fully equivalent to a pilot symbol in terms of its ambiguity properties.

Due to the combination of two data symbols to a Quasi-Pilot, there is an inherent reduction of noise influence, which in turn leads to an increased reliability of the channel estimation compared to a regular pilot symbol. This effect is very similar in nature to the pilot symbol averaging under the assumption that the channel is flat over the averaged symbols [2][3].
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