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1 Introduction

One of the goals stated in the indoor positioning enhancements SID [1], is to evaluate potential 3GPP positioning enhancements for indoor users: 

Evaluate physical layer design options, enhanced measurements, and/or any additional impacts or enhancements, as applicable per technology, for RAT-dependent and RAT-independent positioning systems, including suitable frequencies and signals [RAN1]
This contribution is a continuation of [2] and studies the potential impact of reference cell selection on the performance of OTDOA, moreover it discusses on how this problem requires a further research and that it remains as an open study for the future. The “Reference cell selection improvements” has been already included as a section of “Enhanced RSTD Measurements” in the TR, here we would like to present some simulation results as a support to that section and also to revise and add to the text proposal based on the new findings.
2 RSTD reference cell selection
In current specification, E-SMLC can indicate to the UE the assistance data reference cell via LPP [3]. Specifically, this is provided via the OTDOA-ProvideAssistanceData IE in the form of the optional attribute OTDOA-ReferenceCellInfo IE. The UE selects either the proposed reference cell or a reference cell from the list of provided neighbour cells. In the latter case, the UE indicates its selected RSTD reference cell in the feedback to E-SMLC.
The UE calculates the Reference Signal Time Difference (RSTD) for each neighbour cell according to the difference for Time of Arrival (TOA) of the neighbour cell and the TOA of the reference cell. Finally, the UE quantizes the determined time differences and include them in the OTDOA-SignalMeasurementInformation IE. 
Since it is used as the reference for all reported RSTD values, the reference cell measurement accuracy will have an impact on the RSTD measurement accuracy. In some cases, the selection of the reference cell can have a critical impact on the resulting positioning accuracy. The UE-based reference cell selection strategy is therefore important. 

In the existing system, some of the information relevant for the reference cell selection may be unavailable to the UE. Hence providing such additional information in the signalling protocol will help to improve the OTDOA accuracy. Some examples of such information are:

· The UE may support a set of different reference cell strategies, such as the cell corresponding to the i) lowest TOA error variance, ii) shortest TOA, iii) lowest delay spread, etc, and different strategies may work better or worse in different areas in the network. By taking advantage of hybrid information including GNSS, the E-SMLC can establish statistics to understand which reference cell selection strategy is preferable for the particular scenario the UE is experiencing. Therefore, a relevant enhancement is the possibility for E-SMLC to indicate the preferred reference selection strategy to the UE, and the UE responds with the selected strategy to the E-SMLC.

· Different types of neighbour cells may be associated with different priorities for reference cell selection. For example, the E-SMLC may indicate a higher priority for macro cells over pico cells to be used as reference cells. Thus the UE should take into account that detectable macro cells are preferred as reference cells. The order of the neighbour cells in the existing assistance data via LPP can be used to encode priorities, but a more flexible priority handling can be beneficial.

· Different neighbour cells may have different uncertainties associated with them (for example, the deployed location may be uncertain), and this could be indicated to the UE. For example, if the UE is selecting the reference cell based on TOA error variance, then the selection should be based on a combination of the estimated TOA error as well as the cell-specific uncertainty. One simple example is if the TOA error is translated into meters, and the cell-specific uncertainty is also a variance measure in meters, then the total error variance is the sum of the two, and the reference cell selection is based on the total error variance.  This is slightly related to the existing expectedRSTD-Uncertainty attribute, but with a more specific meaning and used for reference cell selection.

3 Simulation results
Here the simulation results of reference cell selection comparison for horizontal positioning accuracies are presented in terms of cumulative distribution function (CDF) of positioning error for indoor UEs in both baseline deployment scenarios (Case 1 and Case 2) defined in [4].
Case 1: Outdoor macro + outdoor small cell deployment scenarios

Case 2: Outdoor macro + indoor small cell deployment scenario 
All the scenarios and assumptions are exactly those stated in [5]. We have compared the following two conditions:

Condition 1: (Reference-cell = serving cell) where the serving cells are considered as the reference cell for all UEs. This was basically the assumption considered for the baseline simulation results in [5].

Condition 2: (Best reference cell choice) where the positioning errors based on selecting every single cell as the reference cell are computed and the minimum positioning error corresponding to the best reference cell choice is considered.   

To save some simulation time and without loss of generality, we limited the search space of the reference cell selection to the strongest 24 cells for each UE. For macro-only case, the total number of cells in the scenario is 21, and hence all of them have been checked for reference cell selection.  
Figures 1-4 compare the CDF curves of horizontal positioning error for the two conditions of reference cell selection for Cases 1.A-C and Case 2, respectively. The red curves are all the same as what have been presented as baseline simulation results in [5]. In comparison, the blue curves are generated assuming best reference cell, and can be considered as lower bounds to the performance enhancement of OTDOA based on reference cell selection.
The percentile values of the CDF curves of Figures 1-4 are presented and compared in Tables 1-4. The first row of all tables is similar to the ones previously presented in [5], while the second row shows the improved positioning error with the best choice of reference cell and the amount of improvement. All the error values in the tables are rounded down to the closest integer.

While all the figures show performance improvement with optimizing the reference cell selection, the improvement is significant considering the outdoor deployment. One can note that the horizontal accuracy within 50m for the macro-only case can become more than 96% with a proper reference cell selection, which is 10% improvement, compared to the baseline simulation results.  
There are many strategies which can be considered for selecting a reference cell, such as lowest TOA error, shortest TOA, cell with LOS, cell with lowest delay spread, etc. However, while testing each of these strategies separately for all UEs, the CDF curves were very close to the ones with serving cell choice (red curves). This shows that there is no particular strategy which can be generalized for all UEs and perform much better than the serving cell choice. However, while analysing the best reference cell for each UE, we can see that one or combination of these strategies are valid for that particular cell. Assigning which strategy to a certain scenario is still an open problem which needs further research, while this contribution shows the potential benefit of further study in this area.
Case 1.A. Outdoor macro + 0 small cells
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Figure 1. OTDOA horizontal positioning comparison of reference cell selection for Case 1.A
Table 1: OTDOA horizontal positioning error with perfect synchronization [m]
	Company
	Reference cell selection
	40%
	50%
	70%
	80%
	90%

	Ericsson
	Serving- cell
	13
	17
	27
	36
	60


	Ericsson 
	Best reference cell choice
	10 (23%↓)
	12 (29%↓)
	18 (33%↓)
	24 (33%↓)
	35 (41%↓)


Case 1.B. Outdoor macro + 4 small cells
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Figure 2. OTDOA horizontal positioning comparison of reference cell selection for Case 1.B
Table 2: OTDOA horizontal positioning error with perfect synchronization [m]
	Company
	Reference cell selection
	40%
	50%
	70%
	80%
	90%

	Ericsson
	Serving- cell
	11
	14
	21
	28
	40

	Ericsson 
	Best reference cell choice
	7 (36%↓)
	9 (35%↓)
	13 (38%↓)
	17 (39%↓)
	23 (42%↓)


Case 1.C. Outdoor macro + 10 small cells
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Figure 3. OTDOA horizontal positioning comparison of reference cell selection for Case 1.C
Table 3: OTDOA horizontal positioning error with perfect synchronization [m]
	Company
	Reference cell selection
	40%
	50%
	70%
	80%
	90%

	Ericsson
	Serving- cell
	11
	13
	19
	25
	36

	Ericsson 
	Best reference cell choice
	5 (54%↓)
	7 (53%↓)
	11 (42%↓)
	15 (40%↓)
	22 (39%↓)


Case 2. Outdoor macro + dense small cells
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Figure 4. OTDOA horizontal positioning comparison of reference cell selection for Case 2
Table 4: OTDOA horizontal positioning error with perfect synchronization [m]
	Company
	Reference cell selection
	40%
	50%
	70%
	80%
	90%

	Ericsson
	Serving- cell
	5
	6
	9
	12
	16

	Ericsson 
	Best reference cell choice
	4 (20%↓)
	5 (16%↓)
	8 (11%↓)
	11 (8%↓)
	15 (6%↓)


Proposal 1: For the purpose of providing simulation result for enhancements in the TR, the figures and tables presented in this contribution should be considered in the TR 37.857 to support the enhancement of reference cell selection.  
While individually analysing the best choice of reference cell for each UE in different cases, it is obvious that there is no specific strategy which can be applied for all UEs. Therefore, selecting a proper reference cell for each UE is not trivial and depends on the UE’s experienced scenario. Based on the simulation results we can conclude that by providing additional information to the UE, the UE-based reference cell selection can be significantly improved. 
4 Conclusions
In this contribution we have presented simulation results of the potentials of reference cell selection on the performance of OTDOA for the baseline simulation scenarios, and have the following proposals:

Proposal 1: For the purpose of providing simulation result for enhancements in the TR, the figures and tables presented in this contribution should be considered in the TR 37.857 to support the enhancement of reference cell selection. 
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7
Studied Positioning Technology Enhancements

7.1
RAT-dependent Positioning Technologies


7.1.1
OTDOA Enhancements

7.1.1.2.3
Reference Cell Selection Improvements

Since it is used as the reference for all reported RSTD values, the reference cell measurement accuracy will have an impact on the RSTD measurement accuracy. In some cases, the selection of the reference cell can have a critical impact on the resulting positioning accuracy. The UE-based reference cell selection strategy is therefore important. 

Providing additional information in the signalling protocol will help to improve the OTDOA accuracy. Some examples of such information are:

•
The UE may support a set of different reference cell strategies, such as the cell corresponding to the i) lowest TOA error variance, ii) shortest TOA, iii) lowest delay spread, etc., and different strategies may work better or worse in different areas in the network. By taking advantage of hybrid information including GNSS, the E-SMLC can establish statistics to understand which reference cell selection strategy is preferable for the particular scenario the UE is experiencing. Therefore, a relevant enhancement is the possibility for E-SMLC to indicate the preferred reference selection strategy to the UE, and the UE to indicate the selected strategy to the E-SMLC.

•
Different types of neighbour cells may be associated with different priorities for reference cell selection. For example, the E-SMLC may indicate a higher priority for macro cells over pico cells to be used as reference cells. Thus the UE should take into account that detectable macro cells are preferred as reference cells. The order of the neighbour cells in the existing assistance data via LPP can be used to encode priorities, but a more flexible priority handling can be beneficial.

Different neighbour cells may have different uncertainties associated with them (for example, the deployed location may be uncertain), and this could be indicated to the UE. For example, if the UE is selecting the reference cell based on TOA error variance, then the selection should be based on a combination of the estimated TOA error as well as the cell-specific uncertainty. One simple example is if the TOA error is translated into meters, and the cell-specific uncertainty is also a variance measure in meters, then the total error variance is the sum of the two, and the reference cell selection is based on the total error variance.  This is slightly related to the existing expectedRSTD-Uncertainty attribute, but with a more specific meaning and used for reference cell selection.

In the following, potential performance improvement by using best reference cell is shown for Case 1.A-C and Case 2.
Case 1.A. Outdoor macro + 0 small cells
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Figure 7.1.1.2.3-1. OTDOA horizontal positioning comparison of reference cell selection for Case 1.A
Table 7.1.1.2.3-1: OTDOA horizontal positioning error with perfect synchronization [m]

	Company
	Reference cell selection
	40%
	50%
	70%
	80%
	90%

	Ericsson
	Serving- cell
	13
	17
	27
	36
	60

	Ericsson 
	Best reference cell choice
	10 (23%↓)
	12 (29%↓)
	18 (33%↓)
	24 (33%↓)
	35 (41%↓)


Case 1.B. Outdoor macro + 4 small cells
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Figure 7.1.1.2.3-2. OTDOA horizontal positioning comparison of reference cell selection for Case 1.B
Table 7.1.1.2.3-2: OTDOA horizontal positioning error with perfect synchronization [m]
	Company
	Reference cell selection
	40%
	50%
	70%
	80%
	90%

	Ericsson
	Serving- cell
	11
	14
	21
	28
	40

	Ericsson 
	Best reference cell choice
	7 (36%↓)
	9 (35%↓)
	13 (38%↓)
	17 (39%↓)
	23 (42%↓)


Case 1.C. Outdoor macro + 10 small cells
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Figure 7.1.1.2.3-3. OTDOA horizontal positioning comparison of reference cell selection for Case 1.C
Table 7.1.1.2.3-3: OTDOA horizontal positioning error with perfect synchronization [m]
	Company
	Reference cell selection
	40%
	50%
	70%
	80%
	90%

	Ericsson
	Serving- cell
	11
	13
	19
	25
	36

	Ericsson 
	Best reference cell choice
	5 (54%↓)
	7 (53%↓)
	11 (42%↓)
	15 (40%↓)
	22 (39%↓)


Case 2. Outdoor macro + dense small cells
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Figure 7.1.1.2.3-4. OTDOA horizontal positioning comparison of reference cell selection for Case 2
Table 7.1.1.2.3-4: OTDOA horizontal positioning error with perfect synchronization [m]
	Company
	Reference cell selection
	40%
	50%
	70%
	80%
	90%

	Ericsson
	Serving- cell
	5
	6
	9
	12
	16

	Ericsson 
	Best reference cell choice
	4 (20%↓)
	5 (16%↓)
	8 (11%↓)
	11 (8%↓)
	15 (6%↓)
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