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1. Introduction 

The current assumptions regarding the E-UTRA downlink numerology [1] include an unused “DC sub-carrier” in the centre of the downlink transmission band.  The reason for an unused DC sub-carrier is e.g. potential problems with local-oscillator leakage. Such leakage may occur at both the transmitter (base station) side and the receiver (UE) side, especially in case of direct-conversion transmitter/receiver designs. This may cause significant interference to the corresponding OFDM sub-carrier and thus, in practice, make this sub-carrier unusable for data communication. It should be noted though that with modern base-station design the local-oscillator leakage at the transmitter can be substantially suppressed and may not be a big problem. Furthermore, the local-oscillator leakage at the receiver (UE) side very much depends on the exact receiver structure. Another potential source of interference to the “DC sub-carrier” is 1/f noise. 

At the same time, the presence of an unused DC sub-carrier in the centre of the transmission band causes some disturbances in the E-UTRA downlink numerology.

· Due to the unused explicit DC sub-carrier, there is not a fixed frequency spacing between the physical resource blocks, i.e. all physical resource blocks do not lie on a the same 375 kHz grid. Instead, the resource blocks in the upper part of the spectrum, are shifted one sub-carrier, relative to the resource blocks in the lower part of the spectrum.

· For the 1.25 MHz transmission bandwidth, the DS-carrier falls within the centre resource block, literally splitting the resource block into two parts. This is in contrast to the wider transmission bandwidths, where the DC sub-carrier falls between two resource blocks.

· There is no unused DC sub-carrier for the uplink. This causes a mismatch between the downlink and uplink numerology.

It should also be noted that the there is a current assumption within 3GPP that a UE with a 10 MHz bandwidth capability can access a 20 MHz downlink carriers and that, in this case, the 10 MHz UE reception bandwidth may not be centered around the centre of the 20 MHz band. Thus, in case of a 20 MHz transmission bandwidth there may be a need for additional DC sub carriers corresponding to the DC carrier of the UE receiver, if this is needed from a UE point-of-view. Such additional DC sub carriers are currently not part of the 20 MHz downlink numerology. 

For these reasons, it is our view that the explicit definition of an unused DC sub-carrier is undesirable and unnecessary. If it should be concluded that, from a UE point-of-view, there would be considerable interference to the corresponding sub-carrier, e.g. due to local-oscillator leakage or 1/f noise, a more straightforward solution would be to simply regard the corresponding sub-carrier as punctured. 

This would have the following benefits

· Completely symmetric spectrum for all transmission bandwidths

· No unused DC sub-carrier that splits a resource block

· Identical numerology for downlink and uplink

It would also straightforwardly handle to 20 MHz situation described above. 

2. Recommendation
We propose that the E-UTRA numerology is slightly modified so that an explicit unused DC sub-carrier is not assumed. Instead, if needed from a UE point-of-view, the DC sub-carrier(s) should simply be seen as punctured sub-carriers. This would lead to a more straightforward numerology and would also better match the assumption that UEs with a 10 MHz reception bandwidth capability can access a 20 MHz cell transmission bandwidth.
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