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1 Introduction
Part of the objective of the WI on further indoor positioning enhancements [1] consists of

For OTDOA enhancements and CID/E-CID enhancements:

a) Sort out the options for OTDOA/E-CID enhancements with the progress achieved in the Release 13 indoor positioning Work Item as the starting point [RAN1]

b) Define physical layer design, core requirements and corresponding procedures/signalling [RAN1, RAN2, RAN3, RAN4]

The importance of a proper reference cell selection has been already investigated in Rel. 13 SI, and it has been captured in TR. 37.857 [2]. This contribution discusses the potential OTDOA enhancement with a focus on proper selection of reference cell.
2 Background
The OTDOA method is based on the RSTD measurements done at the UE and reported to the location server. These RSTD measurements are the time difference of arrival between the PRS of one neighbor cell and the PRS of a reference cell measured by the UE. The location server should include at least one cell for which the SFN can be obtained by the target device, e.g. the serving cell, in the assistance data, either as the assistance data reference cell or in the neighbor cell list. Conventionally the serving cell is chosen as the reference cell and the UE measures the RSTD based on the serving cell as the reference cell. The choice of the reference cell and the neighbor cells are critical as all the RSTD measurements are based on the selections of these cells.
Observation 1: The impact of reference cell selection has been already presented in TR 37.857.

3 Evaluation
Although, the serving cell is usually the strongest cell for the UE, it has been previously shown in [2] that it is not always the best choice of reference cell for the targeted UE. This is specifically an issue while considering the indoor UEs which have more severe multipath issues and also might be covered by far outdoor macro cells. For example, while considering a cell with a relatively high TOA error as the reference cell, all the RSTD measurements will be impacted by this choice, resulting in poor position estimation by the OTDOA method. Figure 1 illustrates the comparison between the positioning estimations when different cell specification is used as reference cell choice for the macro-only deployment scenario previously defined in [2]. From the figure, we can conclude that for example that in many cases choosing a cell with minimum TOA error is a better choice compared to the serving cell. On the other hand, there is a potential of having another cell in the network with better conditions to be selected as the reference cell.
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Figure 1. Reference cell selection analysis on macro-only deployment scenario.

Observation 2: A cell with minimum TOA error can be a more suitable choice for reference cell compared to the serving cell.
Observation 3: Assisting the UE on the choice of reference cell selection is an enhancement to indoor positioning.  
Based on the above evaluation, we propose to have a systematic procedure to assist the UE on selecting a proper reference cell in order to obtain better positioning accuracy by OTDOA. The procedure should be extendible to several options, but the proposed basic enhancement is to introduce an instruction to the UE to select the reference cell corresponding to the minimum TOA error. Hence, the UE can be instructed to select the reference cells according to any of the following alternatives:
· The UE selects the cell mentioned in the assistance information (as today)

· The UE selects the cell corresponding to the minimum TOA error

· and possible alternative extensions 
Proposal 1: RAN1 to send an LS to RAN2/3/4 informing that 

· from a RAN1 point of view it is beneficial to support the UE in the reference cell selection

· RAN1 has identified benefits from selecting the reference cell corresponding to the minimum TOA error
Proposal 2: RAN1 to send an LS to RAN2 to consider the feasibility of introducing the required LPP signaling to instruct the UE to select the reference cell based on minimum TOA error, and to support further extensions
4 Specifications Impact

Reference cell info is already available in OTDOA. The UE also has the possibility of choosing a reference cell based on a list suggested by the network. The suggested enhancement only requires further signalling on assistance information in terms of reference cell options to the UE, that requires no change in the current physical design. 
RAN1: No impact

RAN2/RAN3/RAN4: Update specifications to consider further selection information on the reference cell options.
5 Conclusions
Here is the list of observations and proposals on the idea of enhanced reference cell selection.
Observation 1: The impact of reference cell selection has been already presented in TR 37.857.

Observation 2: A cell with minimum TOA error can be a more suitable choice for reference cell compared to the serving cell.
Observation 3: Assisting the UE on the choice of reference cell selection is an enhancement to indoor positioning.  
Proposal 1: RAN1 to send an LS to RAN2/3/4 informing that 

· from a RAN1 point of view it is beneficial to support the UE in the reference cell selection

· RAN1 has identified benefits from selecting the reference cell corresponding to the minimum TOA error
Proposal 2: RAN1 to send an LS to RAN2 to consider the feasibility of introducing the required LPP signaling to instruct the UE to select the reference cell based on minimum TOA error, and to support further extensions
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