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1 Introduction
According to a RAN1 agreement on OTDOA-based positioning as part of the feMTC work item [1], a target device can be provided with assistance data including up to three PRS configurations per cell. During the RAN2 discussions at RAN2#97 about signalling design, it was proposed [2-4] to add a configuration identifier per PRS configuration to enable the device to report which PRS configurations that were used for OTDOA measurements. This enables the operator to understand what PRS configurations are really useful and to support network configuration adaption.
During RAN2 online discussions [5], concerns were raised that “not all UEs need to report this, and not all the time” and therefore “if this enhances the positioning performance, then we should let R1 determine if to use this”. Therefore, this proposal was only noted. 
In this paper, we discuss further the configuration aspects of multiple PRS configurations and the need for proper observability from an operator perspective to enable an efficient management of the radio resources. Since multiple PRS configurations can be configured for NB-IoT devices and LTE devices including BL/CE devices, the feedback 
2 Multiple PRS configurations

The detailed RAN1 agreements includes the support for up to three PRS configurations, where each PRS configuration are associated to a set of parameters. The agreement stems from the agreed way forward document [4] where an example set of PRS configurations are illustrated by the Figure 1.
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Figure 1. Example set of PRS configurations

How a target device that has been configured with multiple PRS configurations really uses them for estimating the time of arrival is up to implementations. The different PRS configurations correspond to different bandwidths according to the RAN1 agreements. Furthermore, the support for the different PRS configurations may vary between devices. 

For example, consider the following three PRS configurations:

A. 100 PRB PRS configuration with one PRS subframe every 160ms (100 PRBs every 160ms)

B. 25 PRB PRS configuration with two subframes every 80ms (100 PRBs every 160ms)

C. 6 PRB PRS configuration with four subframes every 40ms (96 PRSs every 160ms)

When aligning the PRS configurations, some resources can be reused, but significantly more resources are needed to transmit multiple PRS compared to only one.

A wide PRS enables better time resolution, which enables the target device to more accurately estimate the time of arrival. On the other hand, a narrow PRS implies worse time resolution, which prevents separation of signal paths close in time in multipath environments. The used PRS bandwidth is therefore somewhat reflected in the reported quality of the measurements to the location server [6]. However, the use of multiple PRS configurations improves the detectability of neighbour cells, which is not reflected in the reported measurement quality. 

For, example a device may use one PRS configuration for detectability and another one for the actual time-of-arrival estimation once the cell has been detected. In this example, both PRS configurations have been used. In another example, the device may try the PRS configurations one at the time, starting with the one providing the most accurate estimate, and if only unsuccessful in detecting the cell, the device may continue to try the next PRS configuration of that cell. In case only the wideband PRS configuration could have been used. Hence, it is clear that the operator is quite uninformed about what PRS configurations that provide benefits for the target device and contribute to the positioning performance – important information when managing the OTDOA PRS resources.

Observation 1: The current OTDOA feedback does not provide enough information to the operator for managing the OTDOA PRS resources. 

Classically, radio network feature tuning and configuration has been based on interoperability tests and drive tests in live networks. Such efforts are time consuming and only gives an idea of the behaviour in the tested scenarios. Therefore, one key operator requirement when initiating LTE standardization was to ensure that the radio network is easy to manage [7]. One means to meet this requirement was to introduce device measurements and report to facilitate automated network management [8]. Successful examples include automated neighbour relations (ANR), automated physical cell identifier planning, random access resource optimization, mobility robustness optimization, which all are based on UE feedback to enable the network to understand what are less relevant and highly relevant radio network feature configurations.

The introduction of the PRS configuration identifier and feedback from the target device about the used PRS configurations enable the operator to understand the benefits from different PRS configurations and thereby enable automatic management of the PRS configurations. The operator can also control when, where and which devices that shall report used PRS configurations by only including the PRS configuration identifier in the assistance data to these devices. The feedback information does not add any extra costs for the target device since the information about used PRS configurations is already present in the target device.

Observation 2: The proposed PRS configuration identity and feedback about used PRS configurations provide the operator with enough information to enable management of PRS configurations without imposing additional complexity in the target device. 
It is important that this is included already in Release 14 to enable the operator to automatically gather information about used PRS configurations already from the first device supporting multiple PRS configurations to avoid tedious and costly drive tests. Furthermore, there are positioning performance benefits as discussed in the RAN1 contribution [9].

Therefore, we propose:

Proposal 1: Introduce a PRS configuration identifier for each PRS configuration of a cell in the OTDOA assistance data.

One concern raised at the online discussion at RAN2#97 was that this may not always need to be reported in all cells by all UEs all the time. This concern can easily be addressed by requiring UE feedback about used PRS configurations for RSTD estimation only when
· The UE has used less than all provided PRS configurations

· The UE has been configured with PRS configuration identities in the assistance data

Proposal 2: The UE reports used PRS configurations in case less than all PRS configurations have been used, and the UE has been configured with PRS configuration identifiers in the assistance data.
The associated CR is prepared in [10],
3 Conclusions
This paper has analysed PRS configuration resource management issues when considering multiple PRS configurations, and has the following observations:

Observation 1: The current OTDOA feedback does not provide enough information to the operator for managing the OTDOA PRS resources. 

Observation 2: The proposed PRS configuration identity and feedback about used PRS configurations provide the operator with enough information to enable management of PRS configurations without imposing additional complexity in the target device.  
and proposals:

Proposal 1: Introduce a PRS configuration identifier for each PRS configuration of a cell.

Proposal 2: The UE reports used PRS configurations in case less than all PRS configurations have been used, and the UE has been configured with PRS configuration identifiers in the assistance data.
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