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1. Introduction

In the 3GPP study item on Long Term Evolution, basic structures for the DL reference signal (RS) are given in [1].

For each OFDM symbol which carries RS symbols, the spacing (in the frequency domain) between RS symbols of the same OFDM symbol and antennas is constant, e.g. M=6 sub-carriers or equivalently (6×15=) 90 kHz. Also other values of M could be studied.
With this structure, M different RS realizations are possible over one OFDM symbol. They may be indexed by IRS = 0, 1, …, M-1, where IRS indicates the distance in number of sub-carriers between the first RS symbol scheduled at or above the DC sub‑carrier and the DC sub‑carrier itself (the inclusion of the DC sub‑carrier into the sub-carrier numerology according to [2] is explicitly supported).
In a reference signal with IRS=0, one RS symbol is scheduled to coincide with the DC carrier, which shall not carry any signal. In [3], it is proposed that in that case, an RS symbol is punctured. However, this implies a local density reduction in the frequency domain of the RS symbols, and a deterioration of the channel estimation around the DC carrier is to be expected.
2. Proposal for Treatment of DL Reference Symbols Scheduled To Be on the DC Sub-Carrier
In order to avoid a discontinuity in the RS density in the frequency domain, here it is proposed to introduce some form of replacement for punctured RS symbols which would have been located on the DC sub-carrier.

The first option is to replace the punctured RS symbol by 2 replacement RS symbols located on the sub-carriers directly above and below the DC sub-carrier, as illustrated by Figure 1.
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Figure 1: Option I of replacement of RS symbol on DC sub-carrier
Explanation of Figure 1:
(:
In an equidistant reference symbol pattern, when IRS=0 one of the RS symbols is scheduled to be on the DC sub-carrier. As the DC sub-carrier shall be free from any transmission, the RS symbol would not be transmitted. However, this is likely to decrease the quality of the channel estimation in the receiver, especially around the DC sub-carrier.
(:
Therefore, in the transmitter, the RS symbol scheduled to be on the DC sub-carrier (or on any sub-carrier on which no reference symbol can be transmitted for whatever reason), is transformed into 2 replacement RS symbols. In order to compensate for the doubled T/F-resource occupation, the replacement RS symbols may each have half of the power of the originally scheduled RS symbol. The replacement RS symbols are preferably placed on the two sub-carriers immediately above and below the DC sub-carrier.

(:
In the receiver, the replaced RS symbol may be reconstructed as a “virtual” reference symbol out of the RS reference symbols, e.g. by summation or by linear interpolation. Alternatively, the local channel estimations at the positions of the replacement reference symbols are computed first, and out of these local channel estimations the local channel estimation at the replaced reference symbol’s position is computed, e.g. by averaging or by linear interpolation. Then, the reconstructed reference symbol or its local channel estimation together with the other reference symbols in the equidistant pattern or their local channel estimations are used for the overall channel estimation, e.g. applying FFT interpolation.

The increased T/F-resource occupation in Option I may be problematic for RB scheduling. The Option II scheme as depicted in Figure 2 does not have increased T/F-resource occupation.
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 Figure 2: Option II of replacement of RS symbol on DC sub-carrier
Explanation of Figure 2:

(:
In an equidistant reference symbol pattern, when IRS=0 one of the RS symbols is scheduled to be on the DC sub-carrier. As the DC sub-carrier shall be free from any transmission, the RS symbol would not be transmitted. However, this is likely to decrease the quality of the channel estimation in the receiver, especially around the DC sub-carrier.
(:
Therefore, in the transmitter, the RS symbol scheduled to be on the DC sub-carrier (or on any sub-carrier on which no RS symbol can be transmitted for whatever reason), is replaced by a RS symbol on one of the nearest available sub-carriers. Typically, this sub-carrier is a neighbouring sub-carrier.

(:
In the receiver, the replaced RS symbol may be reconstructed as a “virtual” RS symbol using the replacement RS symbol. Then, the reconstructed RS symbol together with the other RS symbols in the equidistant pattern are used for overall channel estimation in the frequency domain, e.g. by FFT interpolation. Alternatively, in case that the receiver applies a channel estimation method in the frequency domain which does not need an exactly equidistant RS pattern (e.g. linear interpolation), the replacement RS symbol can be used on its actual sub-carrier, i.e. without shifting back onto the originally scheduled sub-carrier (e.g. the DC sub-carrier).
3. Summary and Conclusion

Two schemes, indicated as Option I and Option II, have been presented for the handling of RS symbols scheduled to be located on the DC sub-carrier in equidistant RS patterns.

Option I enables a very accurate reconstruction of the equidistant RS pattern at the receiver, but requires one extra T/F element in order to accommodate one of the 2 replacement RS symbols.
Option II does not need extra T/F resources. In case Option II is used while the channel estimation is performed using a reconstructed equidistant RS pattern, the reconstruction of the RS symbol on the DC sub-carrier may be less accurate than with Option I. However, it is deemed that in most cases, the effect may be negligible, which makes Option II the option of preference.
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