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1 Introduction

Part of the objective of the SI on indoor positioning enhancements [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]
In [2], the simulation assumptions were agreed on PRS-based OTDOA, as the RAT-dependent positioning technology. In [4], it is proposed that both enhanced PRS and enhanced RSTD measurements are studied further to enhance OTDOA. In [5], it is proposed that non-collocated RRHs/small cells having the same PCIDs should be studied for OTDOA enhancement.
In this contribution, we further discuss the potential PRS enhancements to improve the indoor positioning performance using OTDOA. 
2 PRS Enhancements
PRS-based OTDOA technology was specified in Rel. 9. We consider potential PRS enhancements from the following aspects: 
· New PRS pattern and denser PRS in time domain;

· Utilizing PRS from non-collocated RRHs/small cells of the same PCID.

2.1 Enhanced PRS Patterns
The existing PRS time-frequency pattern was mainly designed to satisfy the need of outdoor positioning. For rich-multipath scenarios such as indoor or challenging urban environments, it requires PRS pattern with improved correlation property.  
Figure 1 and Figure 2 show the autocorrelation output of the current PRS patterns for normal CP and extended CP, respectively. In both cases, periodical strong side-lobes are observed. For rich-multipath scenarios, in particular indoor environments, those side-lobes may lead to potential errors when the receiver carries out TOA estimation by searching for the maximum correlation peak. Therefore, new time-frequency PRS patterns that can achieve better correlation property are needed for indoor positioning.
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Figure 1. Autocorrelation output of current PRS pattern with normal CP
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Figure 2. Autocorrelation output of current PRS pattern with extended CP
Thus we have the following observation and proposal:
Observation 1: The current time-frequency PRS patterns defined in Rel.9 have periodical strong side-lobes in auto-correlation. 
Proposal 1: New PRS patterns may be considered to improve the correlation properties of PRS. 
With the new PRS patterns, backwards compatibility needs to be ensured, that is, legacy UEs can still operate on the legacy PRS patterns. If, instead, the eNB replaces the existing PRS with a new PRS pattern, legacy UE is not able to utilize the PRS sent from such eNB. To keep backward compatibility, the PRS enhancement should be additions to the existing PRS, such that legacy UEs can carry out positioning based on legacy pattern and enhanced UEs can achieve better positioning performance based on enhanced PRS pattern. The enhanced UE can utilize both enhanced PRS as well as the legacy PRS in TOA estimation.   
Proposal 2: The backward compatibility should be guaranteed when introducing the new PRS pattern.
The new PRS pattern can be extended in time domain and/or frequency domain. In frequency domain, this includes allocating more PRBs in a PRS subframe, either within a cell or to a new cell in terms of carrier-aggregation. In time domain the new PRS can span additional subframes. As an example shown in Figure 3, coexistence of legacy and new PRS can be realized by putting them in the adjacent subframes so that they constitute a continuous, expanded PRS occasion. The proposed addition of new PRS is transparent to legacy UEs, whereas the enhanced UEs are able to make use of both legacy and new PRS in the expanded occasion. The scheduling of the new PRS transmission, as illustrated in Figure 3, may be easily realized by a new PRS configuration index that provides the subframe offset relative to legacy PRS. 
Proposal 3: New PRS transmissions with new PRS patterns can be used together with legacy PRS to form an enhanced PRS occasion. 
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Figure 3. Illustration of coexistence of legacy and new PRS in one positioning occasion.

Furthermore, the time-frequency pattern of the new PRS can be designed to achieve better correlation property, when used in conjunction with the legacy PRS pattern. Specifically, the new PRS can be re-designed in terms of new RE mapping without changing the PRS sequence. As an example, Figure 4 illustrates an example generating new RE mapping via frequency shift of existing PRS pattern. Largely reusing existing PRS pattern has the benefit of requiring little or no additional UE receiver complexity.
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Figure 4. Example of using frequency-shift pattern as new PRS
For the dense indoor deployments, it is desirable to define higher re-use factor of the new PRS pattern.  As an example, if we extend the one-PRB PRS pattern over two RBs, the reuse factor will become 12 (i.e., 12 frequency shifts are possible). This can be helpful in denser deployments where substantial muting would necessary otherwise.
Proposal 4: The re-use factor of the PRS pattern can be increased considering dense deployments for indoor UEs.
2.2 PRS from Non-collocated RRHs
Current PRS introduced in Rel. 9 was designed for macro stations to support mainly outdoor positioning. As one type of cell-wide reference signal, PRS is defined as a function of PCI. For indoor small-cell scenarios, various transmit points (TPs), such as low-power remote radio heads (RRHs), may be deployed to enhance the spectral efficiency. However, the TPs belonging to the same eNB share the same PCI and are not separable in terms of PRS transmission. Therefore, they cannot be individually used for indoor positioning based on OTDOA. 

For positioning purpose, it would be desirable to receive individual positioning signals from each TP separately, and to perform TOA estimation based on signals from selected TPs. By enabling the eNB to separate the PRS from each TP in time or frequency domain and by adding higher layer signalling that indicates the separation to the UE it is possible for UE to measure and report PRS from each TP separately. In [6] options for separating PRS from multiple TPs in one cell have been identified and evaluated.

Proposal 5: Consider new PRS transmission schemas associated with TP sharing the same PCI and ECGI by allowing separated measurement of PRS from each TP. Add higher layer signalling to enable measurement and reporting on per TP basis.  

3 Enhanced Signaling
Using the LPP and LPPa protocols, the location server (E-SMLC or SLP) can send the assistance information to UEs and eNBs to configure current PRS transmission. To support the lower-layer PRS enhancements such as new PRS patterns and per-TP PRS, additional configuration information needs to be added to the higher-layer LPP and LPPa signalling.  
Proposal 5: Modifications are needed for LPP and LPPa to support new PRS transmission.   

4 Conclusions
In this contribution we have discussed potential PRS enhancements, and have the following proposals:

Proposal 1: New PRS patterns may be considered to improve the correlation properties of PRS. 

Proposal 2: The backward compatibility should be guaranteed when introducing the new PRS pattern.

Proposal 3: New PRS transmissions with new PRS patterns can be used together with legacy PRS to form an enhanced PRS occasion. 

Proposal 4: The re-use factor of the PRS pattern can be increased considering dense deployments for indoor UEs.

Proposal 5: Consider new PRS transmission schemas associated with TP sharing the same PCI and ECGI by allowing separated measurement of PRS from each TP. Add higher layer signalling to enable measurement and reporting on per TP basis.  
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