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1 Introduction

As part of the WI on positioning support for LTE the DL OTDOA positioning has been discussed. Several different proposals on the topics have been discussed. A common factor is that it has been identified in the contributions [1], [3], [4], [5], [6], [7] and [8] that it is necessary to increase the hearability to achieve adequate positioning accuracy. To evaluate the different proposals three generic scenarios are studied in this contribution:
· IPDL subframes in the serving 3-sector site [8]
· CRS+PRS in normal subframes, with a generic 9 reuse pattern for the PRS

· PRS in an MBSFN subframe, with a generic 9 reuse pattern for the PRS
2 Discussion

2.1 Site IPDL
The contribution [8], propose to use IPDL subframes in the serving 3-sector site. To evaluate this scenario we have studied the case of 1 TX and 2 TX antennas which achieves 6 and 3 reuse correspondingly. Further we have studied this with a 50% and 100% loaded network and with an ETU channel in case 1 and case 3. The effect of multiple subframes accumulation is also studied. For these simulations non-coherent accumulations have been utilized.
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Figure 1: Site IPDL with 2 TX antennas for case 1 & case 3
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Figure 2: Site IPDL with 1 TX antennas for case 1 & case 3

From the simulation results in Figure 1 and Figure 2 it can be concluded that the requirement of 50m is met in all the different simulated scenarios. As the nature of this proposal is to only take advantage of removing the interference from the serving 3-sector site, the interference generated from other cells is not removed. Thus, there will be a dependency between the accuracy achieved and the load in the network. This effect can be seen both for 1 TX, 2 TX, case 1 and case 3, in the form that the accuracy decreases with higher load. It can also be observed for the case 3 scenario, that the 150m requirement is only barely met and then only when using 4 accumulations.
As the simulation indicate that at least 4 accumulations are necessary, it could be difficult to use coherent combining. Another aspect to also take into account is that it would not be possible to configure MBSFN subframes in the subframes 0, 4, 5 and 9 for FDD and 0, 1, 2, 5 and 6 for TDD. For TDD the UL/DL configuration needs also of course to be considered before configuring MBSFN subframes. 
2.2 PRS (utilizing MBSFN subframes)

It has been discussed to use MBSFN subframes for positioning support in [2] and [4], and various PRS patterns have been proposed during the email discussion. To simplify the analyses of the different proposals a generic 9 reuse pattern has been studied. For the simulation the reuse patterns are assumed to be planned. We note that the simulated RS patterns are designed so that if they collide, they would collide on all RS resource elements. However, since the patterns may be planned over the entire network to efficiently reuse frequency and time resources, the effect of this could be minimized.
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Figure 3: Generic 9 PRS sequence utilizing MBSFN subframes for positioning

It can be observed from the results in Figure 3 that for case 1 the requirements of 50m and 150m are achieved with good margin with 1 accumulation. However it can also be concluded that for case 3 it will be required to use 2 accumulations to achieve the 150m requirement. Comparing the results to the site IPDL proposal in section 2.1, it can be observed that the result for the MBSFN subframe approach outperforms the site IPDL proposal. One similarity between the proposals is that both rely on the use of MBSFN subframes. So in scenarios when the network is not completely synchronised to an SFN level, multiple accumulation has also to be configured to account for subframes that are not possible to configure to use MBSFN subframes.
2.3 CRS+PRS (utilizing normal subframes)

It has been discussed to use normal subframes for positioning support in [2], [4] and [6], and various PRS patterns have been proposed during the email discussion. To simplify the analyses of the different proposals a generic 9 reuse pattern has been studied, further 2 TX antennas for the CRS have been assumed. The UE is assumed to use both the CRS and PRS in its measurement.
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Figure 4: Generic 9 PRS + CRS in aligned normal subframes

From the results in Figure 4, it can be observed that case 1 does not meet the requirement of 150m even with 4 accumulations. For case 3 it is required to use 4 accumulations to achieve the requirement of 150m.

The results in section 2.2 together with the results in Figure 4 indicate that it would be beneficial to only utilize the PRS, although CRS are also transmitted. This can be explained by that the CRS suffer from high interference due to a lower reuse factor applied on CRS compared to PRS.  This would mean that in principle the similar performance for the PRS in normal subframes can be expected as for the case when an MBSFN subframe is utilized.
3 Conclusion

Based on the simulation results in this contribution we conclude that, 

· PRS in MBSFN subframe or normal subframe approach would give similar performance when only PRS is measured by the UE, 

· the use of PRS outperforms the site IPDL proposal,
· there will be a need for accumulation in time of several subframes for the evaluated scenarios.
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