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1 Introduction

On open issue since the previous RAN1 meeting is if there should be a time varying PRS pattern and how such a function would be defined. In this contribution we address this issue.
2 Discussion
In contribution [1], we outline the basis for a time varying function for the PRS. The PRS pattern that was decided on in the previous meeting is a regular pattern with 6 reuse pattern. For the UE to be able to measure the different cells, the cells that are part of the UEs measurement set need to have different shifts of the pattern. As there is only 6 different reuse patterns and keeping in mind that the UE probably need to be able to measure about 4-5 cells to acquire a good position, the PRS reuses would need to be planned.
In a new hexagonal network deployment this would of course be rather simple. However taking the reality into account where there is a hierarchical cell structure, different altitudes of eNBs, indoor and outdoor deployments, cell planning would become a challenging task. 
In the worst case the cell planning is so that a UE is forced to measure on 6 cells that all have the same reuse pattern. Such a UE will in principle fail to position itself. Such a scenario will not show also in simulation that has been conducted in [3].

Further if the OTDOA positioning is deployed in an already existing network, there is also a very limited possibility to make cell id planning based on the PRS as the network is already planned. If an existing cell planning is utilized certain areas are identified as areas with wrongly configured cell id for positioning, the solution would be to re-plan that part of the network which is a very complicated task.
A time varying PRS pattern would fulfil all the above different scenarios. A related issue is how the function should time vary, if it should include SFN or not. If the function would include SFN, it reuse pattern would also vary between positioning occasion compared to if it does not include SFN. However if SFN is included the SFN information has to be transmitted to the eSLMC for every eNB. If there is a difference in the SFN timing eSLMC has to transmit the SFN offset for every eNB to the UE as part of the assistance information for positioning. This does not seem to be attractive solution as it would require a large neighbour list, which introduces extra signalling overhead and also requires further exchange of data between the different eNB on X2. To keep it simple and also follow the principle that has been used for other time varying function with in LTE Rel-8, we proposed to have a timing variation that only varies with slot number. 
Simulation results are provided in Figure 1 and Figure 2 for the time varying function that was proposed in the previous meeting [1] together with results for a unplanned random network and a optimized planned network.
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Figure 1: Results for time varying PRS pattern
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planned: 96.92% (50 m),  100.00% (150 m)

prandom: 93.43% (50 m),  99.78% (150 m)

t.-v. prandom: 95.62% (50 m),  99.92% (150 m)


Figure 2: Results for time varying PRS pattern

In the Figure 1 it is possible to see the effect of the time varying PRS pattern, typically along the line going from zero to the right top corner, where the time-varying PRS improves the performance for those UEs that are in a position with very bad hearability. This would typically be the UEs that have a bad geometric position. That would require the network to be re-plan in order to resolve the problem.

There is a small trade-off also visible, which is that the gain in performance for worst UEs is taken from the UE with the best performance. However this trade in performance between the different categories of UEs are done without a general degradation in performance as can be observed in Figure 2. Actually gain in performance for time varying PRS pattern compared to a fix random pattern can be observed. The time-varying PRS pattern is close in performance to the ideal performance of a planned network.
3 Conclusion

In this contribution we analyse the gain of having a time varying PRS pattern. The conclusion is that there is a significant gain with a time varying PRS patterns for the UEs that are in bad geometric position. 

Hence we propose to adopt the time varying function for the PRS in [1] and [2].
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