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1 Introduction
This contribution discusses potential enhancement of positioning techniques.
2 OTDOA Enhancement
PRS can be periodically transmitted in every PRS occasion where comprises N (N=1, 2, 4, or 6) consecutive DL subframes. In this Section, some potential options are discussed to improve OTDOA performance.

2.1 PRS+CRS
One possible option is to use CRS together with PRS. A common PRS pattern for each CRS port has been designed between normal and MBSFN subframes to alleviate UE implementation having a common PRS pattern in between, while PRS is not defined in OFDM symbols potentially carrying CRS. By using CRS in addition to PRS, the RSTD measurement accuracy can be improved. 
There would require a few specification update to enable PRS+CRS to be used together. For instance, CP length for CRS would need to be clarified. In [2], cpLength field in OTDOA-ReferenceCellInfo field specifies the cyclic prefix length of the assistance data reference cell PRS if the prsInfo field is present; otherwise this field specifies the cyclic prefix length of the assistance data reference cell CRS. Also, cpLength field in OTDOA-NeighbourCellInfoElement field specifies the cyclic prefix length of the neighbour cell PRS if PRS are present in this neighbour cell; otherwise this field specifies the cyclic prefix length of CRS in this neighbour cell. In short, if PRS are present, there is no information about CP for CRS. As another example, QCL assumption between PRS and CRS would need to be clarified to utilize both for RSTD measurement. If it could be further clarified to assume the same antenna ports between PRS and CRS, even coherent accumulation between PRS and CRS would be possible.
2.2 Support of Shared PCID Scenario (e.g. CoMP Scenario 4) 
As studied in [3], there will be situations in which OTDOA will have an insufficient number of observations. The more numbers of SC (Small Cell)/RRH/TP would help enhancing OTDOA performance, but one important scenario, e.g., of non-collocated RRHs having the identical PCIDs may not be able to be supported as per the current specification since PRS sequence is generated based on PCID. It is not straightforward how the UE can distinguish PRSs from different TPs to benefit TP diversity and to increase the number of observed cells.

In [4], several options are discussed. Among the listed options, TDM based and PRS muting based options could be good candidates to identify the different cells with the identical PCID scenario while keeping backward compatibility. Figure 1 shows an example of PRS muting based enhancement for identical PCID scenario. All TPs have the same PRS configuration (i.e. I_PRS=0; 160ms PRS periodicity and 0 PRS subframe offset). It is considered four-bit muting pattern – po4-r9 in prs-MutingInfo-r9. Each bit in muting info represents the PRS presences (0 presents the PRS is muted in the corresponding PRS positioning occasion). UE is supposed to measure RSTD in PRS present occasion only. If UE reports measurement results together with PRS muting pattern used for measurement, location server can distinguish the measurement result for each TP, while keeping backward compatibility. 
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Figure 1 Example of PRS muting based enhancement for identical PCID scenario
2.3 PRS Bandwidth Extension 
It is well known the wider bandwidth of signal can offer the better positioning accuracy (i.e. RSTD measurement accuracy). This is because of duality between time and frequency domain. Obtainable time resolution is equivalent to the inverse of the bandwidth used to observe the signal at baseband in the granularity of ‘1/BW’. For example, a 100MHz bandwidth corresponding to 10ns can provide 3m resolution.
For intra-band contiguous carrier aggregation, PRS can be mapped across the component carriers so the effective PRS bandwidth can be increased. For instance, with 20MHz PRS bandwidth for each CC and with 2 CC carrier aggregations, the effective PRS bandwidth becomes 40MHz. However, the current specification cannot support this feature and thus the proper assumption between the consecutive CCs needs to be defined, such as quasi-collocation, same antenna ports, etc, so effective bandwidth can be increased. 
2.4 Increase of PRS Density in Time Domain 
Increase of PRS density in frequency domain may not help to improve RSTD measurement much when power boosting is considered (total power energy will be the same). A straightforward way would be to increase PRS density in time domain by configuring more than PRS configuration (prs-ConfigurationIndex) for a cell. UE can combine the measurement results from the different PRS configurations to improve RSTD measurement accuracy.
2.5 EB/FD-MIMO based Enhancement 
In [5], it is being studied antenna configuration for 2D antenna array (called Elevation Beamforming/Full Dimension MIMO) which can exploit the elevation dimension inherent in a MIMO wireless system as well as the azimuth dimension. Using 2D antenna array might help vertical domain positioning (i.e. altitude).  
Figure 2 depicts an example of EB/FD-MIMO based positioning enhancement. Horizontal domain UE location (latitude and longitude) is calculated based on OTDOA based method by 
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 (e.g. ZoA), so UE can determine/measure the ZoA.
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Figure 2 Illustration of EB/FD-MIMO based positioning enhancement
3 WLAN based Enhancement
WLAN (so called WiFi) based enhancement can be considered with a minor update of LPP. In this Section, two possible options for WLAN based enhancement are discussed.
3.1 Beacon RSSI based Enhancement
As a result of WLAN/3GPP radio interworking WI [6], IEEE 802.11 Beacon RSSI has been defined in TS36.214. By defining a proper LPP signalling, a proximity detection using WLAN can be enabled in 3GPP network. The Beacon RSSI measurements are used to determine position – e.g. RSSI measurements are converted to range and the position is estimated based on the known location of the access points.

3.2 WLAN ToF based Enhancement
A proper LPP signalling needs to be defined to support ToF (Time of Flight) in 3GPP network. WLAN ToF approach is geometrical, based on estimating the position using the distances from access points. The distance from each access point is acquired by measuring the round trip time (RTT) from the mobile device to the access point and back.

Figure 3 shows an example of ToF protocol [7]. There are four timing measurements – two ToA (Time of Arrival) measurements and two ToD (Time of Departure) measurements, denoted as 
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. It is assumed STA-A is UE and STA-B is AP. When the measurements are calculated accurately, the ToF is calculated as 
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. Once all the time measurements are available, the range of the UE is estimated. With three or more ranges are acquired, the position can be estimated by 3D trilateration. The ToF based positioning is being defined in other standard and the detailed description can be found in [8].
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Figure 3 Example of ToF protocol
4 D2D based Enhancement
In Rel.12, the functionality of device to device (D2D) communication and discovery was developed and the corresponding sidelink air-interface was integrated into the LTE specification. This D2D framework may be also considered as one of the potential options to improve cellular based UE positioning. Given that D2D operation in the LTE Rel.12 mainly targeted public safety use cases, it may be interesting to study different approaches of D2D assisted positioning in order to improve UE location in cellular systems. The D2D air-interface may be utilized in multiple ways and certainly provides additional direction for technical analysis. In simple scenarios, in order to improve UE positioning, some of the terminals may broadcast their coordinates (if known), so that simple UE proximity detection over sidelink air-interface may give a rough coordinate estimation. In other scenarios, the additional measurements (e.g. ranging based measurements) over D2D air-interface may be combined with cellular RSTD estimates in order to improve performance of positioning algorithms by solving system(s) of positioning equations. These measurements may be helpful to improve convergence of location algorithms and may have a potential to further improve UE positioning accuracy due to appearance of multiple reference sources, providing their geographical coordinates or broadcasting reference signals utilized for measurement of signal location parameters.
5 Conclusions
In this contribution, we discussed several methods for potential enhancement of positioning. RAN1 is kindly asked to take the following into account in study of indoor positioning:
· OTDOA enhancements

· PRS+CRS

· Support of Shared PCID Scenario (e.g. CoMP Scenario 4)

· PRS Bandwidth Extension

· Increase of PRS Density in Time Domain

· EB/FD-MIMO based Enhancement

· WLAN based Enhancement

· Beacon RSSI based Enhancement

· WLAN ToF based Enhancement

· D2D based Enhancement
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