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[bookmark: _Ref220835468]Introduction

[bookmark: _Ref258317276]In RAN1#80, the evaluation scenarios and assumptions for the study on indoor positioning were agreed as follows: 
The working assumption made in RAN1 #79 is confirmed (the FFS bullets to be addressed next) at least for baseline performance purpose for RAT-dependent technology:
· Note that penetration loss for the indoor small cell modeling is subject to further discussion
· Note also that antenna heights for macro cells (under macro+outdoor small cell scenario) are also subject to further discussion
· Note also the indoor model for the case macro-indoor small cell scenarios is subject to further discussion
Additionally, the following is agreed:
· UE dropping model
· Macro + Outdoor Small Cells
· 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.
· Macro + Indoor Small Cells
· 2/3 UEs randomly and uniformly dropped within the hotzone buildings, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area (including hotzones).
· A UE is an indoor UE if it is located within a hotzone building.
· Additionally, a UE not located within a hotzone building is classified as an indoor UE with x% probability, where x>=0. Companies should indicate the value x when presenting the results.
· Case 1: macro+outdoor small cells
· The number of floors is 8
· Cluster/density of small cells: 4 and 10
· Antenna heights:
· macro: 25m + α, where α~uniform[-5, 25]
· small: 10m + β, where β~uniform[-5, 10]
· Case 2: macro+indoor small cells
· The number of floors is 4
· Cluster/density of small cells: 4 * (number of floors)
· Layout of small cells: 
· Single strip, with floor loss: 15+4(n-1) where n is the number of penetrated floors
· Case 2a: macro+indoor small cells
· The number of floors is 4
· Cluster/density of small cells: 2 small cells randomly located on 2 of the 4 floors, i.e., 1/6 probability of the following floor combinations {1, 2}, {1, 3}, {1, 4}, {2, 3}, {2, 4} and {3, 4}
· Layout of small cells: 
· Dual-strip, using existing penetration loss modeling
· Optionally, in addition to the co-channel case, for the cases of 1, 2, and 2a, macro and small cells are on different carrier frequencies, i.e., 2GHz macro + 3.5GHz small cells (where the path loss and penetration loss models re-use the ones specified as part of Rel-12 small cell study)
· For evaluating baseline performance for indoor positioning, 
· Perfect network synchronization is used for evaluated scenarios
· Additional simulation results with network synchronization error can be simulated by interested companies. 
· The network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an eNB and a timing reference source which is assumed to have perfect timing , subject a largest timing  difference of T2 ns, where T2 = 2*T1
· That is, the range of timing errors is [-T2, T2]
· T1:
· Default: 50ns (for the additional performance evaluation)
· Each individual company can further pick other values
· For case 1, additionally simulate the case when the number of small cells is 0

This paper discusses the potential technologies for indoor positioning.  

Background of LTE-dependent Positioning Technologies 

The existing LTE-dependent positioning technologies, such as A-GNSS, OTDOA, UTDOA, and E-CID, are mainly used for outdoor positioning in homogeneous macro cellular deployment scenarios.   

A-GNSS technologies rely on UEs’ receiving GNSS signals with network assistance for the initial search.  Examples of GNSS include GPS, Modernized GPS, Galileo, GLONASS, Space Based Augmentation Systems (SBAS), and Quasi Zenith Satellite System (QZSS).  

OTDOA technologies measure timing of downlink signals received from multiple eNode Bs at the UE. The UE measures the timing of the received signals using assistance data received from the positioning server, and the resulting measurements are used to locate the UE in relation to the neighboring eNBs.   

UTDOA technologies measure timing of uplink signals transmitted from UE received at multiple LMUs. The LMU measures the timing of the received signals using assistance data received from the positioning server, and the resulting measurements are used to estimate the location of the UE. 

E‑CID technologies use additional UE and/or E‑UTRAN radio resources and other measurements to improve the UE location estimation from the initial estimated location based on its serving eNode B and cell.  

The performance of current positioning technologies is limited by the received signal quality for timing estimation (hearability) and the number of transmission/reception nodes for the derivation of the UE’s coordinates.  In indoor situations, it will be challenging to meet the new FCC E911 requirements with their enhanced horizontal positioning accuracy requirement within 50 meters 67% of time and additional vertical positioning within 3 meters 67% of time, using current positioning technologies with homogeneous macro-cell deployments.      

OTDOA in Unlicensed Spectrum as a Potential Technology for Indoor Positioning

In order to have better accuracy in horizontal and vertical positioning for indoor positioning, UEs need to detect signals from more transmitters with different antenna heights for the derivation of UE coordinates (longitude, latitude, and altitude).   The LTE system is designed for wireless communication, and therefore in typical homogeneous macro cell deployments, macro cells are placed homogenously with each macro cell having its own coverage area with little overlap in coverage area between adjacent macro cells. The transmission power of cell specific reference signals (CRS) defines the coverage area.  The transmit power of each macro cell is optimized to enable wireless communication in its coverage area and controlled to minimize interference to the neighboring cells.  The interference mitigation for wireless communication is detrimental to the positioning technologies, which require the UE to detect LTE DL signals from multiple eNBs or to transmit LTE UL signals that are detectable by multiple eNBs.  

The growing LTE small cell deployments within macro cell coverage expand the LTE system capacity for wireless communication and increase the number of eNBs within a given region.  HetNets also provide improved potential for positioning technologies.  However, the transmit powers at the macro cell and small cells in HetNets are also power controlled to minimize the interference to adjacent neighboring cells for wireless communication, which is not helpful for positioning.  

The current positioning technologies, such as A-GNSS, OTDOA, UTDOA, and E-CID are limited by the hearability and the number of signals detected for the derivation of a user’s coordinates.   For A-GNSS, the limitation of location estimation performance is the less than desired number of detectable satellite signals, which is caused by blocking of satellite signals for UEs in certain environments, such as indoors or in bad weather.   For terrestrial positioning technologies, such as OTDOA, UTDOA, and E-CID, the performance limitation is the hearability of the RS measurements for positioning estimation, which is caused by the interference from other signals.   In particular, the RS signals, except PRS, are mainly designed for channel estimation for wireless communication.   The transmitted power of the RS is only designed to reach the planned coverage area and power-controlled to minimize the interference to the neighboring cells.   The power control of the RS would hinder the detection of RS at neighboring cells.  

PRS is the positioning reference signal designed for OTDOA.  The design of PRS took into the consideration improving the hearability by enabling Tx power boosting and RE/subframe muting.   However, RE/subframe muting has a large overhead for the wireless communication system.  
· OTDOA on unlicensed spectrum

In order to provide more RS signals for UEs to measure for OTDOA technology, we consider having PRS or PRS-like signals transmitted on an unlicensed band from any node, such as LTE eNBs, WiFi APs, Bluetooth Nodes, or PRS-specific nodes.  Unlicensed spectrum is an open resource shared by any applications and technologies. The operation of the unlicensed band is governed by the regulations of each country or region.   There are applications, such as WiFi wireless LAN, cordless phone, medical equipment, weather radar, running on unlicensed bands.   Different applications running on unlicensed bands are uncoordinated.   The operation of LTE in unlicensed bands is an on-going Rel-13 study item for Licensed Assisted Access (LAA).  Transmission of PRS or PRS-like signals in an unlicensed band for positioning could be considered as a new application (standalone PRS or PRS-like signals), or could use transmissions of an existing application, such as WiFi or LAA as long as the transmissions meet the regulatory requirements of each country.  Transmission of PRS or PRS-like signals as information data on existing applications, such as WiFi or LAA, would be more economically efficient.   

The advantages of PRS or PRS-like signals on an unlicensed band for OTDOA measurements are as follows,

(1) PRS signals have been used for OTDOA since Rel-9.  UEs supporting OTDOA could reuse the receiver for PRS detection and ranging estimation for PRS or PRS-like signals in an unlicensed band.   If new PRS-like signals are desired, PRS-like signals and the waveform could be designed specifically for positioning technologies without worrying about wireless communication on the unlicensed band, similar to weather RADAR signals designed for detection of water vapor in the air.   For positioning measurements, PRS-like signals could be designed with the following properties: 
a. High processing gain to improve the received signal quality for timing estimation
b. High resistance to the interference of other signals – when multiple signals are received, the PRS-like signals should have low cross-correlation property in asynchronous reception among signals to filter out the interference when match filter receiver is used.  
c. Short initial acquisition time – the PRS-like signals on unlicensed band could be transmitted in a short period to avoid interference with other applications due to regulation.  The design of PRS or PRS-like signals should have a waveform that could be demodulated fast and separated from other signals. 
(2) The PRS or PRS-like signals could be transmitted on an unlicensed band from a standalone node or as information data from other communication nodes, such LAA or WiFi nodes to maximize the number of signals detected by the UEs.
(3) The transmission power of PRS or PRS-like signals could be maximized for good received signal qualities.
(4) The transmissions of PRS or PRS-like signals do not need to be coordinated among transmission nodes.  


· Deployment scenarios of OTDOA on unlicensed spectrum 

The deployment of transmission nodes for PRS or PRS-like signals on an unlicensed band would typically be non-homogeneous and unplanned as shown in Figure 1. The PRS or PRS-like signals could be transmitted by deployed LTE macro cells, small cells, or WiFi routers, as shown in Figure 1.  The coordinates (longitude, latitude, altitude) of PRS or PRS-like signals transmission nodes are provisioned and stored in the eSMLC.  








[bookmark: _Ref403138809]Figure 1: Illustration of PRS or PRS-like transmission on unlicensed band from macro cells, small cells, WiFi router, and standalone nodes.   


· Configuration of PRS or PRS-like signals in unlicensed spectrum 

The PRS or PRS-like signals on an unlicensed band could be transmitted periodically or opportunistically depending on the regulation of each country/region and the technology transmitting the PRS or PRS-like signals.  In some regions, such as the US, the transmissions on unlicensed band are regulated by interference control without any specific mechanism.  The PRS or PRS-like signals could be configured to be transmitted periodically.   OTDOA on an unlicensed band would be similar to OTDOA in an LTE network, with unconstrained resources for the PRS or PRS-like signal transmission.   Moreover, PRS and PRS-like signals could be transmitted not only from LTE eNBs but also from existing WiFi nodes or Bluetooth nodes.      

In other regions, such as Europe and Japan, operation in unlicensed bands would require the transmitting devices to listen before transmit (LBT) to avoid interference to or collision with on-going transmission by other devices.   The PRS or PRS-like signals could therefore not be guaranteed to have the opportunity to transmit periodically from each node.   For these regions, the PRS or PRS-like signals could be transmitted when free channels were available.    


Conclusion

In this contribution, we propose to consider OTDOA using PRS-like signals in an unlicensed band as a potential positioning technology for indoor positioning.  The advantages of OTDOA on unlicensed band are as follows,

· Free radio resource for transmission of PRS or PRS-like signals for ranging estimation.
· PRS or PRS-like signals for ranging estimation could be transmitted from LTE macro cells, small cells, WiFi routers, Bluetooth devices, or standalone devices to maximize the number of signals detected and measured by the target UEs for triangulation.  The transmission of PRS from existing devices, such as WiFi routers or Bluetooth devices would minimize the operation costs of OTDOA to meet the new positioning requirement.
· The configuration of PRS or PRS-like signals on an unlicensed band could be adapted to different regulatory requirements for operation on the chosen unlicensed band.  
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