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[bookmark: _Ref220835468]Introduction
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

Simulation parameters for UTDOA were also agreed in RAN1#80 as follows,
· The 3 cases (1, 2, and 2a) are also applicable to UTDOA based approach
· For UTDOA, the following additional simulation assumptions:
· UE power class: 23dBm
· Resource block allocation for UL-RTOA measurement: periodic SRS, 48RBs (288 sequence length), 100 SRS transmissions where these SRS transmissions follow a periodic configuration of 10ms periodicity.
· SRS power control: Psrs_offset=0dB or 12dB
· Note that there is existing quantization error defined for UTDOA as part of the backhaul information exchange
· Note that regarding the UL loading and interference relevant to UTDOA, the existing methodology applies

In RAN1#80, the performance metrics for indoor positioning were also agreed as follows,
· The following performance metrics should be defined:
· Horizontal accuracy
· In CDF, and
· A % of accuracy under a threshold
· Vertical accuracy
· In CDF, and
· A % of accuracy under a threshold

This paper discusses the remaining aspects of the evaluation methodology for indoor positioning.  

[bookmark: _Ref258317276]Remaining Details of Deployment Scenarios and Evaluation Methodology for Indoor Positioning


The evaluation methodology, deployment scenarios, and performance metrics for LTE-dependent technologies, such as OTDOA, UTDOA and ECID have been clearly specified.   However, LTE-independent technologies, such as WiFi assisted positioning technologies [13], Barometric sensor [14], TBS [15],  and RF fingerprinting have not yet been discussed.   The evaluation methodology for LTE-independent technologies needs to be specified for comparison with the performance of other technologies.  

The LTE-dependent evaluation methodology is based on the LTE location service functional architecture as deseribed in [2].  LTE signals used for locating a target UE are transmitted from or measured by the base stations in the LTE macro cellular layouts with additional small cells indoors or outdoors overlaid over the macro cells.  The measurements of the LTE signals are sent to the eSMLC for the computation of the target UE location.  For performance comparison among RAT-dependent and independent positioning technologies, the functional architecture of RAT-independent UE positioning technologies should be specified based on the LTE location service architecture with additional non-LTE functional elements in the layout.   

Proposal 1:  The functional architecture of RAT-independent UE positioning technologies for UE positioning should be specified based on the LTE location service architecture with additional non-LTE functional elements in the layout.         


The candidate UE positioning technologies could be classified into 4 categories as follows, based on the location of the UE location computation algorithm and the origine of the measurements or assistance information.  

· UE based positioning technologies – UEs perform independent measurements and computation/derivation of their own location.  An example of a UE based positioning technology is GPS.

· Network based positioning technologies – Wireless networks perform all the measurements and derivation of UE location without any knowledge or assistance information from UEs.  UTDOA is one example of a network based positioning technology.   

· UE based, network-assisted positioning technologies – UEs perform measurements and computation with some assistance information from the network.   One example of a UE based network assisted positioning technology is A-GNSS.  

· Network based UE assisted positioning technologies – Networks perform some measurements and computation of UE location, assisted by some measurement information from the UEs.  OTDOA is a typical example of a Network based UE assisted positioning technology.

Proposal 2: The category of the RAT-independent UE positioning technologies should be specified.  Assistance information for UE location computation should be specified where applicable.  



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.   The following information needs to be specified in the evaluation methodology for WiFi assisted positioning:

· Mode of operation of WiFi nodes, 
· WiFi signals used for positioning, 
· Measurement entity (UE or WiFi node)
· Measurements made on WiFi signals 
· Algorithms used for location estimation. 
· Assistance information and control signaling design, 
· The method of determining WiFi node coordinates (latitude, longitude, and altitude), 
· The interface(s) between the measurement entity and eSMLC for the transport of measurements
· Control signaling between measurement entity and the eSMLC.  


Barometric sensors are generating great interest for the determination of the UE vertical location [14].  The barometric sensor uses the measured air pressure to derive the UE vertical location in comparison with reference information, such as locally determined sea level air pressure. The barometric sensor for altitude estimation is sensitive to factors of the surrounding environment, such as temperature and humidity.   The calibration method and assistance information for barometric sensor based location estimation should be specified for indoor positioning.   


Terrestrial Beacon System (TBS) technology broadcasts beacon signals from ground stations, with the beacon signals being similar to GPS signals.  TBS beacons could have better in-building penetration than GNSS signals for indoor positioning.  However, TBS beacon signals suffer more from non-LOS scattering effects than GNSS signals do.   

The following information needs to be specified in the evaluation methodology for TBS positioning:

· Mode of operation of TBS nodes, 
· TBS signals and waveforms used for positioning, 
· Measurements of TBS signals
· Algorithms used for location estimation. 
· Assistance information and control signaling design, 
· The method of determining TBS node coordinates (latitude, longitude, and altitude), 
· TBS node synchronization
· The interface(s) between the UE and eSMLC for the transport of measurements
· Control signaling between the UE and the eSMLC.  

Proposal 3:  Details of system parameters for RAN-independent positioning technologies need to be specified along with performance results.   

Conclusions

In this contribution, we analyze the remaining details of modeling of system parameters for simulations to evaluate technologies of RAT-independent positioning technologies for indoor positioning.  We propose:

· Proposal 1: The functional architecture of RAT-independent UE positioning technologies for UE positioning should be specified based on the LTE location service architecture with additional non-LTE functional elements in the layout.     
· Proposal 2: The category of the RAT-independent UE positioning technologies should be specified.  Assistance information for UE location computation should be specified where applicable.  
· Proposal 3:  Details of system parameters for RAN-independent positioning technologies need to be specified along with performance results.   
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