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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]For the SI “Indoor Positioning Enhancements for UTRA and LTE” [1], RAN1 has made some progress for potential positioning enhancements [2]. The proposed positioning enhancements include both RAT-dependent technologies, such as OTDOA enhancements with enhanced PRS, D2D aided positioning, and also RAT-independent Positioning Technologies, such as Terrestrial Beacon Systems, Wi-Fi/Bluetooth based Positioning, Barometric Pressure Sensor Positioning, etc. In this paper, we discuss the progress in RAN1 on this SI and the potential impact on RAN4. 

Discussion
2.1 RAT-dependent Positioning Technologies
[bookmark: _Toc418065727]The proposed RAT-dependent positioning technologies include OTDOA enhancements with increased density of PRS in time domain, new PRS pattern(s), and PRS transmission enhancements for the same PCI case and D2D aided positioning.
PRS enhancements [5]
· More dense PRS in time domain: In general, denser PRS signals would provide the UE with more opportunity to detect PRS signals within a given time duration. PRS density in time domain may be increased by shorter PRS periodicity (the shortest PRS periodicity is currently defined as 160ms), or more consecutive PRS subframes in each PRS transmission (the maximum number of PRS subframes is currently defined to be 6 PRS subframes), or both. Regardless which approach is used, denser PRS in time domain implies using more spectrum. Thus, the impact of this approach on carrier spectrum efficiency will need to be analysed. RAN4 may be requested to provide such an evaluation if needed.
· New PRS pattern:  At this moment, RAN1 has not defined the new PRS pattern yet. If new PRS pattern is identified, the performance of the new PRS pattern will need to be evaluated. 
· PRS transmission enhancements for the same PCI case: During the SI for “positioning enhancements for E-UTRA”, RAN4 has actually spent a lot of efforts in exploring  approaches to mitigate RSTD measurement problem caused by RRHs with the same PCI [3]. The proposed approaches include time-domain solutions or TP-specific PRS sequences solutions. The root problem for PRS transmission enhancements for the same PCI is that the same PRS signals will be generated for the RRHs that share the same PCI. The most efficient solution for the problem should be solved by the change of PHY specification. So, it would be best if RAN1 can find proper solution to this problem. Once RAN1 defines the PRS transmission enhancements for the same PCI, it is expected that the performance of the new PRS pattern will need to be evaluated.
Enhanced RSTD measurements [5]
· Reduce RSTD quantization error: Reducing RSTD quantization error by changing the RSTD report granularity from 1Tx to 0.5Ts was also discussed in RAN4. From standard point of view, the enhancement should be straightforward with simple modification of the specifications in both higher layer signalling and PHY layer measurements. 
[bookmark: _Toc418065730]D2D aided positioning [6]
· D2D aided positioning is also identified in RAN1 as one of the potential enhancement techniques for indoor positioning. Required signaling and reports are FFS. D2D aided positioning is not discussed in RAN4 before. This new approach may potentially bring a lot of work in performance evaluation and impact analysis on UE design, which RAN4 is likely to be involved. .  

2.2 RAT-independent Positioning Technologies
[bookmark: _Toc418065732]Terrestrial Beacon Systems [2]
· A Terrestrial Beacon System (TBS) consists of a network of ground-based transmitters, broadcasting signals only for positioning purposes. For purposes of evaluation, TBS positioning signals may be GNSS-like signals (e.g. GPS, GLONASS, BDS, Galileo signals) or PRS/PRS-like signals. Currently, RAN1 has defined TBS evaluation assumptions and TBS configuration parameters for indoor environments. Other details, such as TBS operation mode, TBS signals and waveforms used for positioning, TBS signal measurements, assistance information and control signaling design, TBS node time synchronization, etc. are still under discussed in RAN1.  

[bookmark: _Toc418065735]Wi-Fi/Bluetooth based Positioning [4]
· It was identified that existing Wi-Fi and/or Bluetooth technologies can be used as positioning techniques as potential indoor enhancement techniques. Detailed measurement and reports are FFS in RAN1. For WiFi assisted positioning, WiFi node distributions (public/private WiFi) need to be defined, together with their level of communication/integration with the LTE network, and any additional assistance information.

[bookmark: _Toc418065736]Barometric Pressure Sensor Positioning [2]
· RAN1 has identified that barometric sensor information will be included in the study item, but it may not impact RAN1 specifications. Barometer measurements are shown to be very effective for improving the accuracy and availability of the altitude solution. The problem with the barometer the pressure measurements is that the measurements are very sensitive to the change of the local air pressure, which make the pressure altitude unreliable if the measurement errors cannot be removed properly. In order to use barometer measurements for vertical positioning, it would need to install the barometers in both UE and in the network (may even in the small cells). Also, proper algorithm needs to be implemented in the location server to calibrate and track the pressure altitude error based on the measurement report (air pressure, local temperature, etc.). Obviously, more investigation is needed to evaluate the effectiveness of the vertical location based on the barometer measurements.

2.3 PRS signal transmission for unlicensed band [7]
In addition, RAN1 has also discussed on PRS signal transmission for unlicensed band, such as LTE eNBs, WiFi APs, Bluetooth Nodes, or TBS nodes.  Unlicensed spectrum is an open resource shared by any applications and technologies.  The operation of LTE in unlicensed bands is an on-going Rel-13 study item for Licensed Assisted Access (LAA).  The potential advantages of transmitting PRS or enhanced PRS signals on an unlicensed band for OTDOA measurements include, for example,
(1) The PRS or PRS-like signals could be transmitted on an unlicensed band from a standalone node or embedded in information data from other communication nodes, such LAA or WiFi nodes to maximize the number of signals detected by the UEs.
(2) The transmission power of PRS or enhanced PRS signals could be maximized for good received signal qualities.
(3) The transmissions of PRS or enhanced PRS signals do not need to be coordinated among transmission nodes. 

Summary 
In this paper, we discussed the proposed enhancements in RAN1 for indoor positioning techniques, including RAT-dependent positioning techniques, RAT-independent positioning techniques, and PRS signal transmission in unlicensed bands. From current RAN1 progress, it can be seen that the potential enhancements proposed in the SI have covered very broad areas and techniques. Thus, it is expected the SI requires significant effort on the performance analysis, which RAN4 may need to be involved if necessary.
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