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1. Introduction

The LTE downlink numerology assumed during the feasibility study [TR25.814] includes an unused “DC-sub-carrier” located at the centre of the downlink cell transmission band. 

One reason for the unused DC sub-carrier is 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 and may cause, potentially significant, corruption to the corresponding OFDM sub-carrier. 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. Another potential source of interference/corruption to the “DC sub-carrier” is 1/f noise.
If such corruption of a specific downlink sub-carrier occurs due imperfections at the receiver (UE) side, it will occur at the sub-carrier at the centre of the UE reception band. However, with the current assumptions regarding UE reception bandwidths capabilities, with only up to 10 MHz reception capability being mandatory, the sub-carrier at the centre of the UE reception band will not necessarily coincide with the sub-carrier at the centre of the cell transmission band. As an example, in case of a 20 MHz cell transmission bandwidth, there will at least be two additional sub-carriers within the cell transmission band that may correspond to sub-carriers at the centre of the UE reception band. It should be noted that, depending on the required flexibility in the frequency-domain location of a 10 MHz UE in a 20 MHz cell transmission band, additional sub-carriers within the cell transmission band may correspond to sub-carriers at the centre of the UE reception band. 

Thus the currently assumed DC-sub-carrier structure, with a single DC sub-carrier defined in the centre of the cell transmission band, is not compatible with the current assumptions on cell transmission bandwidths and UE reception bandwidths.

There are several alternatives to resolve this:

· It is agreed that downlink DC-sub-carriers are not needed. Our view is that this is an undesirable approach as it may prohibit some, for other reasons, attractive receiver structures.
· It is agreed that, in practice, E-UTRA will only support cell transmission bandwidths up to 10 MHz. In our view this is not an acceptable solution.
· The assumptions regarding the UE reception-bandwidth capabilities are modified and it is agreed that 20 MHz reception capability is a mandatory UE capability. We believe this is an alternative that is worth considering. It should be noted though that the issue above would re-emerge if, at a later stage, the E-UTRA cell transmission bandwidth would be extended beyond 20 MHz.
· The DC-carrier “structure” is modified to allow for additional DC-sub-carriers to be placed at the centre of the UE reception band also when the UE reception band does not co-inside with the cell transmission band. We believe this is the approach to be taken to resole the issue above.

2. Modified DC-sub-carrier structure

There are two alternatives to introduce the possibility for additional DC-sub-carriers to be placed at the centre of the UE reception band also when the UE reception band does not co-inside with the cell transmission band
:

Alternative #1: Additional explicitly defined static DC-sub-carriers. 

With this alternative two additional unused DC-sub-carriers are defined and placed outside of the resource-block structure at the two additional frequency-domain positions that may correspond to sub-carriers at the centre of UE reception bands.

This alternative implies: 

· That the total number of sub-carriers is increased by two. In practice one can say that, within the overall occupied bandwidth, there are two additional sub-carriers not being used for any data transmission, i.e. there is a certain efficiency loss in terms of spectrum utilization.

· The resource block spacing is not constant 

· There is limited flexibility in locating e.g. a 10 MHz UE within a 20 MHz cell transmission band

Alternative #2: No explicitly defined DC-sub-carriers. 

With this approach, all defined sub-carriers are part of resource blocks. However, a certain sub-carrier is not available to map data to when the corresponding resource block is to be transmitted to a UE for which this sub-carrier is at the centre of the UE reception band. One way of expressing this is to say that this sub-carrier is “punctured” and this is known by both the transmitter and receiver. Alternatively one simply recognizes that the corresponding symbols are not available to map data to. Fundamentally, this is not different from the fact that other symbols of a resource block may not be available to map data to as they are occupied by e.g. reference symbols, L1/L2 control signaling, or, in case of TDD, guard time. All this will be handled by the anyway necessary rate matching. The fact that a certain sub-carrier is, during a specific sub-frame, not available to map data to, is thus equivalent to having a somewhat smaller bandwidth available at that time instant. The difference compared to alternative 1 is then simply that this bandwidth reduction only occurs when there is a need for a DC-sub-carrier at this sub-carrier position while, in case of alternative 1, the corresponding sub-carrier is never available, even when it is not needed as a DC-sub-carrier.

3. Summary and recommendation

We prefer alternative 2.
· It is more flexible and allows for, if needed, the definition of additional sub-carriers at basically arbitrary positions. It is not clear that this flexibility is needed. However if it comes at no cost it can never be a drawback

· Bandwidth is only “wasted” on DC-sub-carriers when they are actually needed

· Except for the bandwidth waste there should be no fundamental performance difference between the two methods as both methods simply implies that certain sub-carriers are not available to map data to. The difference is only that, in case of alternative 2, this only occurs when the DC-sub-carrier is needed. 
� In the following discussion we assume a 20 MHz cell transmission bandwidth





