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1 Introduction

In this contribution, we discuss OTDOA positioning performance of the indoor UEs in case of shared Cell ID deployment scenario (e.g. CoMP Scenario 4 [1], Small Cell Enhancements Scenario 2a/2b [2]). The main challenge in this scenario is that Macro and low power cells are non-distinguishable in terms of CRS and PRS processing at the UE side since the RS sequences are generated based on Physical Cell ID (PCID). The RSTD measurements would be measured by the UE from the multiple transmission points with the same cell ID and are derived based on the estimate of the composite channel since multiple transmission points transmit the same reference signal. Thus, the resultant RSTD measurement does not reflect the distance between eNB and UE and furthermore locations server cannot know which eNB location is used for UE positioning calculation. The more RSTD measurement results would help to improve the UE positioning accuracy and with non-distinguishable RSTD the cells having the same PCIDs could not be used for PRS transmission.

2 OTDOA Challenges in Shared Cell ID Scenario
The OTDOA performance in shared cell ID scenario can be affected by the following factors:

· Timing of arrival measurement. The simultaneous transmission of the reference signals by multiple transmission points will result in additional multipath and frequency selectivity due to composite channel (i.e. SFN effect). The effect of composite channel will make impossible to differentiate time of arrival and RSRP/RSRQ measurements per transmission point.
· Reference source uncertainty. If multiple transmission points within Macro cell area simultaneously transmit the same reference signal then there is an uncertainty in source node definition since the presence of multiple transmission points is transparent for UE. It would be challenging to associate the signal arrival timing with the particular transmission point.
· Reduced number of reference sources. Given that multiple cells transmit the same positioning reference signal transparently to UE, the overall amount of reference sources with unique coordinates is reduced. In particular, each Macro cell (or Macro cell sector) area will be seen as a single reference source. This effect can be observed at the intra-site and inter-site level and it may be especially challenging to handle inter-site issue for RSTD calculation.
All of these effects may negatively affect OTDOA positioning performance for indoor UEs. In general, it is possible to mitigate the problem by transmitting the positioning reference signals from one of the transmission point, e.g. Macro cell. However, in this case, the performance will be the same as in Macro cell only deployment. In some practical scenarios like in basement, it is likely that PRS of low power nodes (e.g. RRH) only can reach to UE. Once UE reports RSTD for the detected PRS with PCID, location server cannot know from which cell PRS has been detected by UE – not possible to identify UE location. In order to extract benefits from the deployment of low power nodes (Low Power RRHs) for OTDOA location the measurements of reference signal time of arrival and RSRP needs to be enabled per each transmission point.

Observation 1
· OTDOA performance in scenarios with shared cell ID may be affected by the reduced number of reference sources and inaccurate TOA measurements.

3 Potential Solutions
In order to enable time of arrival and RSRP measurements per transmission point several approaches can be considered, e.g. assignment of different PRS sequences to different RRHs (CDM like), assignment of different spectrum resources (time (TDM) or frequency (FDM)) for transmission by different transmission points. One way to proceed is to enable the same PRS transmission from different transmission points at different time instances and thus avoid the effect of composite channel. In LPP, this approach may be enabled by associating different PRS-Info::prs-MutingInfo patterns to different transmission points (RRHs). UE needs to include the PRS muting info in measurement reporting so location server can distinguish from which TP PRS was used by UE for RSTD measurement. By doing so, the PRS from the different TPs in shared cell ID scenario can be used in backward compatible manner. The alternative way is to configure different PRS configuration indexes (IPRS) to different RRHs, however this approach would consume more resources since more LIS (Low Interference Subframe) needs to be configured in network perspective. Also, since PRS occasions in the same frequency are not aligned (different from the current LPP), this different configuration may not be able to be used for legacy UE.
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Figure 1. Example of PRS muting based enhancement for shared PCID scenario.
Proposal 1
· PRS muting based solution is considered for shared cell ID scenario.
4 Performance Evaluation
In order to show benefits of the TP specific measurement in deployment scenarios with shared cell IDs, we have conducted performance analysis for the following four scenarios:
1. Macro only PRS transmission w/o PRS muting;

2. Macro only PRS transmission with PRS muting;

3. Macro cells and associated LPNs (RRHs) transmit the same PRS within Macro cell sector. PRS muting is applied across Macro-cell sector areas (coordinates of the serving cell + neighboring Macro cells are used for positioning).

4. Macro cells and associated LPNs (RRHs) transmit the same PRS with muting. LPNs transmission within Macro cell area are orthogonalized by TP specific PRS muting patterns.

The system level analysis is conducted for Case 1C: Outdoor Macro Cell + 10 Outdoor Small Cell Scenario which may be considered as one of the most challenging for same Cell ID assumption due to dense LPN deployment.
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Figure 2. CDF of horizontal location error.
The system level analysis presented in Figure 2 clearly shows that TP specific measurement can provide improved UE positioning performance, since more reference sources and thus more accurate RSTD measurements can be used for location. Based on the conducted study we draw the following observation.
Observation 2
· The transmission point specific RSTD measurements from LPNs facilitate improved UE positioning performance in shared cell ID scenario.

5 Conclusions

In this contribution, we discussed the potential challenges for user positioning in the shared cell ID scenarios. Based on the discussion and presented system level performance analysis we have the following observations and proposal:
Observation 1

· OTDOA performance in scenarios with shared cell ID may be affected by the reduced number of reference sources and inaccurate TOA measurements.

Observation 2

· The transmission point specific RSTD measurements from LPNs facilitate improved UE positioning performance in shared cell ID scenario.

Proposal 1

· PRS muting based solution is considered for shared cell ID scenario.
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Appendix – System Level Evaluation Assumptions 
In this section, we provide summary of all simulation assumptions used for current analysis. The relevant set of system level evaluation assumptions as well as system level parameters are provided in Table 1.
Table 1. Summary of system level evaluation assumptions for positioning and timing estimation.
	Positioning method

	OTDOA Positioning Method
	2D and 3D ML positioning problem is formulated and solved by iterative algorithm based on Taylor series expansion method [4].
The error weighting matrix is proportional to instantaneous PRS SINR measured over wideband.

Initial guess is the average coordinate of the 5 nodes with unique locations (selected according to largest SINR).

	Cell ID Planning
	Sectors of Macro cell use orthogonal PRS patterns, unique Cell IDs are assigned when feasible.
Same Cell ID is assigned to LPNs in a macro cell area.

	PRS muting information
	16-bit muting pattern with a single activated PRS occasion is used. Orthogonal PRS muting patterns are assigned for TPs with same cell ID when feasible.

	Max number of cells for RSTD measurements
	Maximum number of sources is restricted to 50.
Sources with SINR < -13dB are excluded from considerations, assuming high likelihood of inaccurate timing measurements.

	Reference cell 
	Serving cell (max received power criterion).

	Timing estimation

	Timing estimation
	Search window is restricted to [+/- 200 Ts] relative to the serving cell.
Threshold based algorithm for the first arrival path detection with non-coherent combining across UE antennas.
Low interference subframes are assumed (w/o data and control signals)

Only PRS processing for timing estimation of neighboring cells.

	PRS info
	10 MHz is used for PRS bandwidth. No boosting. No up-sampling is applied.

	Cyclic Prefix
	Extended cyclic prefix was used in analysis.
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