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1 Introduction
During the recent two meetings, RAN1 has discussed positioning for LTE, focusing on DL OTDOA. At RAN1#56, the following was agreed for DL OTDOA:

UE OTDOA DL Measurement

· based on RS

· FFS whether modified RS (or sync signals) for positioning are needed

· in designated subframes with low interference (e.g. MBSFN subframes)

· FFS density in time and frequency

Email discussion to next meeting on simulation assumptions. 

Evaluations should also consider synchronized and non synchronized cells.

This contribution discusses in further details on the allocation of low interference subframes and the positioning RS.
2 Discussion

2.1 Allocation of low interference subframes

Low interference subframes are subframes during which the UE serving cell reduces the interference in its own cell in order to allow UEs in its serving cell to perform OTDOA measurements on RS in nearby cells‎.

Assuming that the measurement on one or several target cells can be done within one subframe, the frequency of the low interference subframes can be relatively low, e.g. once per second, to satisfy the requirements for emergency positioning. Therefore, the system performance impact from low interference subframes is negligible, even if the low interference subframe is transmitted over the whole downlink system bandwidth.

Low interference subframes can be declared to Rel8 UEs as MBSFN subframes in order to ensure backward compatibility. As a consequence, the data region of the subframe could be either completely empty, or an RS pattern could be transmitted. This RS pattern does not need to be the same as currently defined for MBSFN subframes, e.g. an RS pattern optimized for positioning could be used [2]‎
.

Scheduling low interference subframes only in the cell, to which the measuring UE belongs, will result in reduced interference from the serving cell. However, the presence of data in the target measurement cells is still substantial and prohibits sufficient hearability. 
The simulation are based on [3], where 2 TX antennas have been assumed, which results in a reuse 3 pattern for the common RS. The simulation cases case 1 and case 3 are simulated according to [3]. Two general cases are studied in a more detailed level. The first case is based on a low interfering subframe only in the serving cell and the second case is based on a low interfering subframe in the serving cell as well as in the cells that the UE measures on. For both cases a synchronized and unsynchronized network is considered.
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Figure 1: Synchronised network and only low-interference subframe in serving cell
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Figure 2: Results for synchronised network and only low-interference subframe in serving cell
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Figure 3: Unsynchronised network and only low-interference subframe in serving cell
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Figure 4: Results for unsynchronised network and only low-interference subframe in serving cell

In Figure 2 and Figure 4 the different lines correspond to the hearability from the UE for 5 cells. The blue lines correspond to a 2D antenna model as defined in ‎[3], while the dotted dashed red lines correspond to Kathrein 3-sector directional antenna. Based on the results in Figure 2 and Figure 4, it can be seen that a more realistic antenna model with a 3D antenna would results in better performance as compared to the 2D antenna model. It can further be observed if studying the 5 percentile at -10 dB, that the hearability is not sufficient to measure on 5 cells for both the 2D and 3D antenna model case.
It is therefore desirable to try to align the low interference subframes across all cells, which results in improved hearability, assuming some reuse between the RS pattern in the low interference subframes across the cells in order to avoid collision between the RS. This is illustrated in Figure 5 and also further discussed in section 2.2.
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Figure 5: Synchronised network and aligned low-interference subframe in serving cell
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Figure 6: Results synchronised network and aligned low-interference subframe in serving cell
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Figure 7: Unsynchronised network and aligned low-interference subframe in serving cell
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Figure 8: Results Unsynchronised network and aligned low-interferening subframe in serving cell
Based on the results in Figure 6 and Figure 8, it can be seen that a 3D antenna model would result in better performance than the 2D antenna model. It can further be seen that hearability is increased, especially for the three first cells at a low percentile. For example, the third worse cell for case 3 in a synchronized network performs about 5 dB better at the 5 percentile.
In a synchronized network, the start points of the low interference subframes can be perfectly aligned (see Figure 5). In an unsynchronized network, however, the starting points of subframes are in general not aligned, therefore the low interference subframes will overlap with subframes containing data to a certain degree, i.e. up to one half of a subframe (See Figure 7). However, the improvement in hearability is still significant. A further benefit of the low interference subframe alignment is the fact that during all UEs can make their measurements on their respective nearby cells during the same aligned subframes.

The hearability can be further improved by removing the RS from low interference subframes in the cell that is serving the measuring UE. However, it is not possible that none of the aligned low interference subframes contains RS, because then there is no signal to measure on. It would therefore be required to alternate the subframes without RS among the cells, e.g. in a pseudo-random fashion. This is illustrated in Figure 9 for an unsynchronized network although the same principle can also be applied to a synchronized network.
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Figure 9: Placement of low interference subframe and measurement subframe
2.2 Allocation of positioning RS

Apart from cells belonging to the same site with almost the same geographical antenna position, which should transmit the same RS pattern at the same allocation, the more general case is when a collision between RS in measurement subframes should be avoided, which is especially relevant in case of a synchronized network. To enable this, the positioning RS pattern can be reused in the frequency domain. From a network deployment complexity point of view however, it is preferable to define a simple reuse scheme, e.g. derived from to the cell ID. It would further simplify the cell planning if the RS reuse pattern in a cell would vary in time.

3 Conclusion

This contribution has discussed the allocation of low interference subframes and positioning RS. 

It is proposed for low interference subframes to be 

· declared as MBSFN subframes to Rel8 UEs to ensure backward compatibility

· transmitted very infrequently and over up to the whole DL bandwidth

· transmitted in an aligned fashion, with complete alignment in case of synchronized networks and with partial alignment in case of unsynchronized networks

It is proposed for positioning RS to be

· transmitted at the same or different allocations if the cells have the same geographical antenna position

· reused in frequency domain to avoid collision between RS in low interference subframes.

· periodically blanked in some cells while being transmitted in other cells during fully or partially aligned low-interference subframes
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