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1. Background
A framework for defining OTDOA positioning requirements has been agreed in RAN4 to support standardization of OTDOA for LTE Rel. 9. It has been also agreed on the need of conducting both system- and link-level simulation studies. The updated version of system-level simulation assumptions for OTDOA studies has been presented in [1] and agreed as a way forward. System results covering different scenarios have been presented by companies in [2]-[5] covering the agreed 1.4 MHz and 10 MHz bandwidths in synchronous networks. This contribution addresses the asynchronous network scenario with partial positioning subframe alignment.
2. Simulation Results
We present system simulation results for the asynchronous scenario with partial alignment for Case 1 with 10 MHz and 1.4 MHz in Figures 1 and 2, respectively. The presented results are for the agreed EPA and ETU channel models. One and three positioning occasions have been considered, with 6 consecutive positioning subframes in each occasion. It is understood that the PRS pattern orthogonality among cells cannot be maintained in an asynchronous network among, which implies that higher interference should be expected. Furthermore, the interference is coming from data transmissions, control channels and physical signals, including PRS in cells with either the same or different frequency shifts defining the PRS pattern.
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Figure 1. Positioning accuracy, 10 MHz.
If FCC requirements are considered as a reference, then one can observe that the requirements cannot be met with a single positioning occasion, even with six subframes and 10 MHz PRS transmission bandwidth. However, the deviation from the reference is still reasonable for the 10 MHz bandwidth. With three positioning occasions (18 non-coherently accumulated subframes) the positioning accuracy improves significantly so that even with 1.4 MHz the accuracy closely approaches the reference. 
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Figure 2. Positioning accuracy, 1.4 MHz.

3. Discussion
Challenging scenarios. The results show that if the FCC requirements are considered as a reference, then meeting the requirements in an asynchronous network becomes a challenging task due to a higher interference level compared to the synchronous scenario. The most harmful for positioning accuracy interference is typically generated by the serving cell, which may, however, be not necessarily true for a realistic irregular network deployment, especially with various types of base stations. 
One way to achieve a reasonable positioning is to allow for more positioning occasions. Thus, the presented system simulation for Case 1 show that good accuracy can still be achieved with three positioning occasions, even for the smallest bandwidth. It is, however, expected that more than three occasions will be necessary for Case 3. 
Autonomous muting. To enable further improvement, interference mitigation can be additionally considered in challenging scenarios (e.g., Case 3 with 1.4 MHz). One can observe that with aligning within a half subframe and more than two consecutive subframes configured for positioning, the main source of interference in the rest of positioning subframes are PRS, which is due to the regular PRS pattern. To address the issue, PRS muting, i.e. transmitting PRS with zero power has been agreed in RAN1.
Muting can be therefore be also considered in RAN4 simulation studies to improve PRS hearability and if used, it is proposed to assume that the UE tries to measure on PRS and detect whether the PRS in the measured cell has been transmitted or not. In this case, RAN4 needs to include a scenario when PRS is not transmitted in one of the cells. For the sake of simplicity, it is also proposed that muting periods span either over a half or all consecutive subframes in the positioning occasion when muting applies. Muting in the serving cell is reasonable in the agreed scenarios due to the regular network topology. However, it must be noted that in reality it may be so that it is not necessarily always the serving cell that appears to be the strongest interferer which is limiting positioning accuracy for a UE, but could also be a neighbour cell.

PRS transmission bandwidth. The presented simulation results also indicate that utilizing a larger bandwidth can be advantageous over the approach when always the smallest PRS transmission bandwidth is considered. On the other hand, as learned from simulations for the synchronous scenario, configuring PRS transmission over the entire system bandwidth may be not necessary either. The configurable PRS transmission bandwidth allows for a flexible positioning configuration with respect to different scenarios, which has also been assumed in RAN1.
4. Summary

Based on the presented simulation results, the following is observed and suggested:
· Signal accumulation over multiple positioning occasions is observed to be beneficial in asynchronous scenario with partial alignment according to system simulations. This needs to be studied further in link simulations, which are used for specifying requirements;
· Additionally, autonomous muting can be considered for the smallest system bandwidth and if used, muting either over a half or all subframes within a positioning occasion is proposed.
To enable completion of the specification in due time  and given that companies have been contributing to the system-level simulation studies since August, we propose that starting from the next meeting
· the main focus in the OTDOA framework in RAN4 is given to link-level simulation studies.
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