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1. Introduction
In RAN1#65, the study item of indoor positioning [1] was approved. The objectives of this SI are as follows:    
· To study techniques for indoor positioning (RAT-dependent, such as e.g. OTDOA, UTDOA, E-CID, RFPM, etc and RAT-independent systems, e.g. A-GNSS, Terrestrial Beacon Systems, etc).  The goals are to study potential 3GPP positioning enhancements in indoor and other challenging environments (e.g. urban canyons) and are to:

· Define a 3D system model, including indoor channel model, to study indoor positioning [RAN1]

· Develop baseline simulation scenarios and evaluate the corresponding baseline performance of the existing positioning techniques (e.g. A-GNSS, E-CID, OTDOA, UTDOA, or hybrids thereof) for indoor environments to establish a baseline performance [RAN1]

· For the performance evaluations consider specifically: location accuracy (including latitude, longitude and altitude), yield, and time to fix.

· 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]

· For performance evaluations consider specifically: location accuracy (including latitude, longitude and altitude), yield, and time to fix.

· Identification of specification impacts.

· Study coexistence issue if applicable for any identified positioning scheme [RAN4] 

· For identified positioning solutions, study the corresponding potential impacts or enhancements to the higher layers to support indoor positioning. [RAN2, RAN3]

This paper discusses the deployment scenarios and evaluation methodology for evaluation of positioning technology for indoor positioning.   
2. Deployment Scenarios for Indoor Positioning

The trend in LTE network deployment is toward heterogeneous networks with dense small cells overlapped with macro cells since Rel-10.   Dense small cells are used to provide capacity in hot spots and hot zones when the number of LTE subscribers increases rapidly.   For hot spot or hot zone coverage, the small cells are not uniformly located within a cluster.  The characteristics of non-homogeneous deployments of small cells are as follows,
· The overlapped coverage area among small cells could be large, medium, small or none.

· UEs might detect none, one, more than one small cells within the cluster.   
The non-homogeneous deployments of small cells within macro cells should be used as the deployment scenario for the indoor positioning study.   
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Figure 1: Heterogeneous network with non-homogeneous dense small cells deployment is used as the scenario for indoor positioning study
3. Indoor Positioning Simulation Assumptions and Modeling
The evaluation methodology and simulation setup should emulate the position detection and estimation by positioning technologies, such as AGNSS, OTDOA, UTDOA, ECID, or RFPM, in a realistic environment.  Key aspects for indoor positioning are the modeling of the indoor environment, the locations of eNBs, 3D pathloss model, and signal propagation to indoor UEs through external walls and internal walls and floors:  

· Modeling of indoor environment - high rise office or apartment buildings were used in the study of LTE-A, Home eNB, Rel-12 small cell enhancement, and 3D channel model.  The high rise building structure with up to 30 floors should be used for the modeling of the indoor environment for the indoor positioning study.
· The locations of the eNBs – A heterogeneous network layout with co-channel macro cell and random dropping of small cells within a cluster, as in the Rel-12 small cell enhancement study, is the typical deployment scenario.  The layout of macro cells with dense small cells in a hot zone cluster should be used as the layout of indoor positioning study.  

· The 3D pathloss model – 3D antenna and 3D PL model was defined in the evaluation of Rel-10 LTE-A and used for the study of all technologies after Rel-10.  3D antenna and 3D pathloss model defined in [4] should be used for indoor positioning study.  
· Signal propagation to indoor UEs in high rise office/apartment buildings – The modeling of signal propagation and propagation loss through the external walls, internal walls, floors are key to the model for indoor positioning.  The dual strip indoor model used for the study femto cells and LTE-A in [4] captures the propagation loss through walls and floors.  The dual strip model was calibrated with measurements during the study of femto cells in Rel-9.  Therefore, the dual strip model should be used as the indoor propagation channel model for indoor positioning.  
The details of simulation parameters for indoor positioning are shown in Table 1.  
	
	Macro cell
	Small cells

	Layout
	Hexagonal grid, 3 sectors per site, case 1
Both 7 Macro sites with inter-site distance of 500 meters. 
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Based on dual-strip urban model TR36.814. Random number of floors uniform between 2 and 30. 



	Distance-dependent path loss
	
Macro-to UE link: default is ITU UMa [referring to Table B.1.2.1-1 in TR36.814]
3D distance between an eNB and a UE is applied

3D distance is also used for:

break point distance

LOS probability

Linear  height dependent adjustments based on measurements of height dependent gain for non-line of sight links 


	SC-to-Indoor UE (same building):
PL (dB) = 38.46 + 20 log10R + 0.5*d2D,indoor + 18.3 n ((n+2)/(n+1)-0.46)+ q*Liw

SC-to-outdoor UE:
PL (dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.5*d2D,indoor +  q*Liw + Low(fc)

SC-to-Indoor UE (in a different building):
PL(dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) +0.5*d2D,indoor + q*Liw + Low1(fc) + Low2(fc)
Note: if UE is in virtual building, the d2D,indoor is uniform with [0,25]m


	Penetration
	
Indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)
	Outer wall penetration loss: 
Low(2.0GHz)=Low1(2.0GHz)=Low2(2.0GHz)=20dB. 

Innerwall penetration loss:
Liw =5 dB.

	System bandwidth per carrier
	10MHz
	10MHz

	Carrier frequency 
	2.0GHz
	2.0GHz

	Total BS TX power (Ptotal per carrier)
	46dBm
	30 dBm

	Shadowing
	ITU UMa according to Table A.1-1 of 36.819

Working assumption is that 3D distance is used for shadowing correlation distance
	ITU UMi[referring to Table B.1.2.1-4 in TR36.814]

Working assumption is that 3D distance is used for shadowing correlation distance

	Antenna pattern
	3D,  referring to TR36.819
	2D Omni-directional is baseline; directional  antenna is not precluded

	Antenna Height: 
	25m
	10m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi 
	5 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa according to Table A.1-1 of 36.819
	 ITU Umi

	UE noise figure
	9dB

	Network Synchronization
	Synchronizaed

	Number of small cells per cluster
	10
Small cells are randomly dropped in the clusters.


Table 1: Simulation parameters for indoor positioing
4. Additional Modeling Parameters for Indoor Positioning 
· Signals used for positioning technologies – The selection of the received signal for the measurements is critical to the outcome of the positioning technology evaluation.  The transmission signals configuration and the availability of the signals are critical to the indoor positioning.  In particular, the signal penetration loss for indoor UEs is the critical factor for positioning technologies for indoor positioning.
· Interference modeling – The interference modeling is the most critical factor in the evaluation of the performance of positioning technologies.  The interference could be modeled in different ways depending on which signals are used for detection and estimation of position.   Some alternative ways to model the interference are:
1. Statistical model - The interference could be modeled in a static sense through system load.  The interference could be modeled as a random variable.  The challenge of the statistical interference modeling is the determination of the statistical distribution and its mean and variance to capture the combined variation of scheduling behavior and MCS selection, HARQ operation, different UE locations, the radio channel effect, and power control.   The spectrum of the interference is not white and has a large variance, which would lead to biased estimation in the positioning estimates. A Gaussian approximation of interference modeling would give over-optimistic results. 

2. Interference to thermal noise (IoT) - The IoT is the 1st moment of the interference and is a function of the system load. However, the first moment of IoT measured in the LTE network cannot capture the system load characteristics completely since the interference source is primarily inter-cell interference, which has a large variation.  In order to capture the variation of the interference, interference variation and perturbation in addition to IoT needs to be included in the interference modeling.   

· Factors in deriving UE indoor position based on propagation delay from timing offset measurements- Measurements of the time of arrival (TOA) or time difference of arrival (TDOA) are used to determine distance from the propagation delay from the UE to the eNB.  The main factor in deriving propagation delay from TOA and TDOA measurements is the synchronization among cells 
· Node synchronization errors – If the cells are fully synchronized, the reference time of signals used for positioning technologies among cells would be the same.  The eNB synchronization error needs to be taken into account in the simulations.  The synchronization errors range from 100 ns to 50 (s depending on the method of node synchronization. 
· Quantization errors in received signals  – the minimum resolution of the measurement is associated with the sampling rate, which depends on the BW.  The 32 ns sampling interval is the sampling interval for 20 MHz BW of LTE signals.  32 ns should therefore be considered as the minimum resolution of the positioning technology measurement
· NLOS effects caused by multipath fading channel - The center of gravity of the multi-path components is used as the reference time of the peak detection to capture the multipath effect in the time offset estimation.  The “center of gravity” shifts the peak of the received signal from the 1st path of arrival to the weighted sum of multipath signal arrivals.  The timing estimation error caused by multipath effects, which is known as the non-line-of-sight (NLOS) effect, in the simulation should be considered in the indoor positioning technology evaluation. 
5. Conclusion

In this contribution, we analyze the modeling of system parameters for simulations to evaluate technologies for indoor positioning.  
A heterogeneous network with macro cells and dense small cells should be considered as the baseline deployment scenario.  
High rise office/apartment buildings should be used for the indoor environment modeling.   
The 3D antenna model and 3D pathloss model in 36.814 should be used for the signal propagation and pathloss derivation.   
The dual strip model should be used for explicit modeling of indoor penetration loss through walls and floors. 
Additional aspects of system parameters, such as interference modeling, synchronization errors, quantization errors, and multi-path channel effects, are also discussed for modeling of indoor positioning technology evaluation.   
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