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1. Introduction 

E-UTRA is to allow for flexible transmission bandwidth on both downlink and uplink, with a maximum downlink transmission bandwidth currently assumed to be (in the order of) 20 MHz. Such a wide transmission bandwidth is e.g. needed in order to be able to fulfill the E-UTRA downlink peak-data-rate targets [1].

Furthermore, it is currently assumed that E-UTRA will allow for different UE capabilities in terms of UE maximum reception bandwidth. More specifically, there is an assumption that there may UEs that are able to receive with a maximum bandwidth of only 10 MHz.

UE position in the frequency domain

When a UE with a maximum-reception-bandwidth capability of 10 MHz is accessing a cell with a 20 MHz transmission bandwidth, it must be possible to position the UE at different frequency-domain positions within the overall 20 MHz cell transmission band, see Figure 1. This is needed in order to allow for load balancing over the full 20 MHz transmission band. It should be noted that, from a load-balancing point-of-view, it should be sufficient that a 10 MHz UE can be positioned according to the two left-most alternatives in Figure 1, i.e. in either the lower part or the upper part of the cell transmission band. It remains to be concluded if, for other reasons, it may also be desirable if a 10 MHz UE can also be positioned according to the right-most alternative in Figure 1, i.e. in the centre of the cell transmission band. 
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Figure 1 Different frequency-domain positions of a 10 MHz UE in a 20 MHz cell transmission band

SCH structure

The current assumption regarding E-UTRA cell search, see e.g. [2] section 7.1.2.4.3, is that an SCH (“Synchronization channel”) is transmitted in the centre part of the frequency band, see Figure 2. Once the UE has found and synchronized to the SCH, it can find and read the BCH for additional system information, including information about the actual cell transmission bandwidth. 
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Figure 2 SCH structure for different cell transmission bandwidths

The position of the SCH in the centre of the cell transmission band implies that a 10 MHz UE positioned in the upper or lower part of a 20 MHz transmission band cannot directly receive the SCH of a neighbor cell, see Figure 3. To carry out neighbor-cell measurements, the 10 MHz UE has to re-tune its receiver so that the SCH falls within the UE reception band, i.e. to the centre part of the frequency band of the neighbor cell. In other words, the UE has to carry out so-called “inter-frequency measurements” using network-provided “measurement gaps”, see [1] Section 7.1.3.1.2. We believe that this implies a non-desirable (and unnecessary) system complexity and also a potential loss in system performance. 
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Figure 3
2. Proposal
Multiple SCH in a 20 MHz cell transmission bandwidth

To avoid the need for inter-frequency measurements and measurement gaps we propose that, for a 20 MHz cell transmission bandwidth, two SCH are positioned in the upper and lower parts of the cell transmission band, see Figure 4. With such an SCH structure, neighbor-cell search can be carried out also by a 10 MHz UE that is located in the upper or lower part of the transmission band of a 20 MHz cell, without the need for inter-frequency measurements and corresponding measurement gaps.
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Figure 4 Alternative SCH structure for 20 MHz cell transmission bandwidth

It could be argued that the transmission of two SCH would imply additional overhead. However, it is then important to understand that the absolute per-SCH overhead is relatively independent of the bandwidth. Thus the relative per-SCH overhead, at least in terms of bandwidth, is anyway very small in case of a 20 MHz bandwidth and we believe that the extra overhead due to two SCH is not critical.

It should also be noted that, with an SCH structure according to Figure 4, it would not be necessary to transmit SCH in both the upper and lower parts of the 20 MHz cell transmission band. Transmission of SCH in e.g. only the lower band would simply imply that a UE located in the upper band of a neighbor cell would not be able to find the cell without temporarily re-tuning its receiver to the lower part of the 20 MHz transmission band. That is, for this UE, inter-frequency measurements based on measurement gaps would need to be carried out, exactly as is always the case with an SCH in the centre-part of the 20 MHz transmission band.

Finally, it should be noted that the SCH structure of Figure 4 would, in no way, prohibit intra-frequency measurements for a 20 MHz UE but rather the opposite. Such a UE would have two alternative SCH to search for which would imply additional diversity in the neighbor-cell search. Obviously, searching for only one of the SCH would also be possible. 

BCH transmission

Assuming the dual-SCH structure of Figure 4, there are two alternatives for BCH transmission, see also Figure 5.

· There are two BCH transmitted at well-defined positions relative to the two SCH (left part of Figure 5). The position of a BCH relative to its corresponding SCH should be identical to that of more narrow transmission bandwidths. Thus, as soon as the UE has found the SCH, it can find and read the BCH from which information about the cell transmission bandwidth and the relative position of the cell transmission band can be acquired. 

· There is a single BCH transmitted in the centre part of the cell transmission band. In case of initial cell search, a UE must then, once the SCH is found, search for the BCH at a limited number of frequency-domain positions. Note that, in case of active-mode cell search a UE may get information about the BCH position relative to the SCH from the current cell. Thus no explicit search for the BCH would be needed in this case.
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Figure 5 Alternatives for position of BCH in the frequency domain

Impact on numerology and “DC sub-carrier”

The current assumptions regarding the E-UTRA downlink numerology [2] includes an unused “DC sub-carrier” in the centre of the downlink transmission band.  As far as we understand, the reason for the unused DC sub-carrier is potential problems with local-oscillator leakage that may occur at both the transmitter (base station) side and the receiver (UE) side, especially in case of direct-conversion transmitter/receiver designs. 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. 

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 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. This may cause some problems to the dual-BCH structure of Figure 5, depending on whether or not the BCH is transmitted within the physical resource blocks.

· 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.

For these reasons, it is our view that the explicit definition of an unused DC sub-carrier is undesirable and unnecessary. If it should concluded that, especially from a UE point-of-view, local-oscillator leakage would cause substantial interference to the DC sub-carrier, 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 should also be noted that the possibility for a 10 MHz UE accessing a 20 MHz carrier, there are multiple DC sub-carriers depending on the position of the UE within the 20 MHz transmission band. This further speaks in favor of not defining an explicit unused DC sub-carrier but rather, if needed from a UE point-of-view, simply regard the DC sub-carriers as punctured sub-carriers.
3. Summary and conclusion

We propose a modified SCH structure in case of a 20 MHz cell transmission bandwidth with two SCH, one transmitted in the lower part of the 20 MHz transmission band and one transmitted in the upper part of the band. In contrast to the currently assumed SCH structure, this would allow for intra-frequency measurements without the need for measurement gaps also for a 20 MHz cell transmission bandwidth. It is proposed that this is adopted as working assumption as the E-UTRA work moves into the working-item phase.

We also proposed 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 match better to the assumption that UEs with a 10 MHz reception bandwidth capability can access a 20 MHz cell transmission bandwidth.
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