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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 hearability of the current CRS pattern defined for LTE Rel-8.
2 Discussion

2.1 Utilization of CRS

To limit the impact on performance of the system it is assumed that the measurement should be done within one subframe. To study the hearability for the CRS we assume that the eNB has 2 TX antennas [1], which would imply a 3 reuse pattern for the CRS. To limit the number of simulation cases, the contribution focuses on a synchronized network, case 1 and case 3 [1] with ETU and EPA channel. The reason for evaluating only synchronized networks is that the best performance would be expected for that case.

The simplest solution for positioning would be to schedule a low-interfering subframe (LIS) only in the serving cell when a UE is requested to measure on neighboring cells as illustrated in Figure 1. A next step to increase the hearability would be to try to align the low interference subframes across all cells in accordance with Figure 2. 
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Figure 1: Synchronised network and only low-interference subframe in serving cell


[image: image2]
Figure 2: Synchronised network and aligned low-interference subframe in serving cell

Simulation results are provided for case1 and case 3 for both ETU and EPA channels in Figure 3 and Figure 4. In the figures 0% load corresponds to the scenario with aligned LISs over all cells. <A%, B%> percentiles correspond respectively to 50 m and 150 m positioning errors.

· Introducing LISs at a full load gives a higher gain than the load reduction from 100% to 50%.

· With 3-reuse, the impact of load reduction on accuracy is smaller compared to the case with no reuse. The 0% load curves show the limit of the accuracy gain that can be achieved by reducing the load.

· With EPA channel, positioning performance varies in a small range when LISs are used.

· With ETU channel, only the 150 m requirement can be met with CRSs+3-reuse and up to almost full data load.
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Case 1, EPA, synchronized network

——CRS, no LIS, 100% load, 3-reuse: <57.64%, 71.87%>
——CRS, no LIS, 50% load, 3-reuse: <76.36%, 83.73%>
—CRS, LIS, 100% load, 3-reuse: <99.19%, 99.96%>
—CRS, LIS, 50% load, 3-reuse: <99.59%, 100.00%>
———CRS, LIS, 0% load, 3-reuse: <100.00%, 100.00%>
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Case 3, EPA, synchronized network

——CRS, no LIS, 100% load, 3-reuse: <53.71%, 67.62%>
——CRS, no LIS, 50% load, 3-reuse: <73.97%, 81.95%>
——CRS, LIS, 100% load, 3-reuse: <97.14%, 98.68%>
——CRS, LIS, 50% load, 3-reuse: <08.44%, 99.33%> ||
——CRS, LIS, 0% load, 3-reuse: <99.82%, 100.00%>
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Figure 3: Accuracy results for EPA
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Case 1, ETU, synchronized network
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——CRS, no LIS, 100% load, 3-reuse: <0.00%, 50.59%>
——CRS, no LIS, 50% load, 3-reuse: <0.00%, 72.81%>
——CRS, LIS, 100% load, 3-reuse: <0.00%, 95.38%>
——CRS, LIS, 50% load, 3-reuse: <0.00%, 98.32%>
——CRS, LIS, 0% load, 3-reuse: <0.00%, 99.83%>
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Case 3, ETU, synchronized network
1 I r T

——CRS, no LIS, 100% load, 3-reuse: <0.00%, 46.96%> H
——CRS, no LIS, 50% load, 3-reuse: <0.00%, 70.40%>
——CRS, LIS, 100% load, 3-reuse: <0.00%, 93.83%>
——CRS, LIS, 50% load, 3-reuse: <0.00%, 96.36%>
——CRS, LIS, 0% load, 3-reuse: <0.11%, 98.56%>
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Figure 4: Accuracy results for ETU

For ETU, the positioning accuracy requirements cannot be fully achieved in any of the two cases, even with applied 3-reuse, which is a possible solution for 2 TX antennas. For EPA, the requirements can be well met with LISs at any load.

2.2 Utilization of synchronization signals

The use of the synchronization signal in addition to the CRS signal would be possible for a synchronized network, if the positioning subframe would be defined for that subframe. However if MBSFN subframe should be used for the low interfering subframes or if a new RS pattern is defined within them this would not be possible since the MBSFN subframe is forbidden in subframes containing synchronization signals. 

To achieve adequate performance in an unsynchronized network, the different cells need to be aligned as shown in [2]. If the deployment only assumes the case that the serving cell has a low interference subframe so that the UE can measure on the neighboring cells, it can then not be assumed that all the measured cells have a synchronization signal at that instance. Hence always relying on the use of the synchronization signal would not be possible.

Introducing a new RS pattern in subframes that are not allowed to be used for MBSFN subframe, would be difficult. For those subframes the approach could instead be to utilize the CRS. Further if the CRS are utilized it would further also be possible to utilize the synchronization signal if it is available in those particular subframes.
3 Conclusion

This contribution has discussed hearability of the CRS pattern. Based on the discussion in the contribution we conclude that

· hearability is not sufficient for the CRS pattern to be used as basis for positioning 

· the use of synchronization signal in addition to the CRS in a general case will be difficult

· synchronization signals could possibly be used to increase hearability in subframes that can not be MBSFN subframes.
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