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1. Introduction
In RAN1#78bis, the evaluation scenarios of indoor positioning were agreed as follows, 
· For evaluating baseline performance, two scenarios are defined for the existing positioning techniques (e.g. A-GNSS, E-CID, OTDOA, UTDOA, or hybrids thereof) for indoor environments:

· Outdoor deployment scenario, at least for the case of macro + outdoor small cell only

· FFS: whether or not to evaluate the case of Macro only deployment

· Outdoor macro + indoor small cell deployment scenario

· The above scenarios are also applicable to 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.

There was also a proposal for establishing the baseline performance as follows,
· For indoor positioning evaluation, establish a reference performance result utilizing existing techniques, e.g., OTDOA

· This does not preclude evaluating other existing positioning techniques
This paper discusses in detail the deployment scenarios and evaluation methodology for evaluation of positioning technology for indoor positioning.   
2. Deployment Scenarios for Indoor Positioning

The deployment scenarios agreed in RAN1#78bis include macro + outdoor small cells and macro + indoor small cell.  The current LTE network deployments have way passed the initial network buildup and toward the enhancement of coverage, system capacity, and user perceived throughput.   Most of LTE network are deploying LTE Rel-11 features, which include interference handling of heterogeneous networks (feICIC) and CoMP.  The number of deployed small cells has rapidly increased in urban areas to improve the coverage and capacity.  
One of the objectives for indoor positioning is to provide vertical positioning accuracy within 3 meters.  The vertical positioning is used to estimate the floor of user location in high rise buildings in the dense urban environments.  The deployment of small cells, indoors or outdoors, is greatest in dense urban areas.  Thus, the typical scenarios in the dense urban areas would be macro cells with large numbers of indoor and outdoor small cells within a macro cell in LTE Rel-13 and beyond.   
Proposal 1: Deployment scenarios for indoor positioning should always include indoor or outdoor small cells.  Macro cells only scenario is not supported.  
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Figure 1: Heterogeneous network with 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 as discussed in [5].  Additional parameters, such as interference modeling, NLOS modeling, Node synchronization error, quantization error, and signals used for measurement were also discussed in [5].   A few aspects need to be discussed:   

· Modeling of indoor environment for indoor positioning – One consideration of modeling of indoor environment for indoor positioning is the variation of UE vertical location.  High rise office or apartment buildings are generally situated in dense urban areas.  High rise buildings were used in the study of LTE-A, Home eNB, Rel-12 small cell enhancement, and 3D channel model.  The indoor environment for indoor positioning study should be modeled by high rise building with 30 storeys.   The modeling of indoor 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.  
Proposal 2: Indoor environment for indoor positioning is modeled by 30-storey high rise buildings with dual strip indoor channel model.   

· Macro channel model:  – 3D antenna pattern and 3D PL model were defined for macro cells 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.  The 3D channel model studied for 3D/FD-MIMO in [8] was considered and proposed by [9]
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[10] for the indoor positioning study.   The 3D channel model in [8] is used for dynamic 3D beamforming with independent vertical and horizontal radiation patterns, which are targeted to be supported by active antenna system (AAS).  The deployment of AAS to support 3D/FD-MIMO might not be in time as the indoor positioning is deployed.  Moreover, the techniques for indoor positioning need to be supported by all antenna types, which include AAS, passive antenna, CLA, VLA, deployed in the field.  The 3D channel model for macro channel model should be a common antenna pattern.  
Proposal 3: 3D antenna pattern and 3D PL model defined in 36.814 is used for 3D macro channel model for indoor positioning study. The 3D channel model [8] is not used.   

· Dropping of macro cells and small cells for indoor positioning – In dense urban deployments, macro cells are mostly set up at the rooftop of high rise buildings as shown in Figure 1.  By contrast, the small cells indoors are distributed uniformly up and down the height of building, .  The dropping of macro cells is homogeneously deployed in a area with antenna high is the rooftop of the high rise building.   The dropping of small cells is uniformly dropped across the vertical dimension of the high rise building.    The antenna heights of macro cells and small cells are the function of the floor of high rise building with each floor 3-meter height.
Proposal 4: Macro cells are dropped homogeneously on the rooftop of 30-storey high rise buildings with each floor being 3-meters in height.  Small cells are dropped linearly and uniformly in the vertical dimension within 30-storey high rise buildings. 
Proposal 5: The details of simulation parameters for indoor positioning are as shown in Table 1 in the appendix.  
4. Conclusion

In this contribution, we analyze the modeling of system parameters for simulations to evaluate technologies for indoor positioning.  We propose:
· Proposal 1: Deployment scenarios for indoor positioning should always include indoor or outdoor small cells.  Macro cells only scenario is not supported.
· Proposal 2: Indoor environment for indoor positioning is modelled by 30-storey high rise buildings with dual strip indoor channel model
· Proposal 3: 3D antenna pattern and 3D PL model defined in 36.814 is used for 3D macro channel model for indoor positioning study. The 3D channel model [8] is not used.
· Proposal 4: Macro cells are dropped homogeneously on the rooftop of 30-story high rise building with each floor 3-meter in height.   Small cells are dropped linearly and uniformly in vertical direction within 30-story high rise building.   

· Proposal 5: The details of simulation parameters for indoor positioning are as shown in Table 1 in the appendix.  
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6. Appendix
Table 1: Simulation parameters for indoor positioning evaluations

	
	Macro cell
	Small cells

	Layout
	Hexagonal grid, 3 sectors per site, case 1
7 Macro sites with inter-site distance of 500 meters. 


	Indoor small cells:
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Based on dual-strip urban model TR36.814. Randomly located in vertical dimension between floors 2 and 30. 

Outdoor small cells: 
Uniformly distributed in horizontal dimension at a height of 4m.

	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; 

	Antenna Height: 
	90 meters (rooftop of 30-storey building)
	Indoor small cells: hUT=3nfl 
Outdoor small cells: 4m

	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




Table 1: Simulation parameters for indoor positioning







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































�What is a virtual building? 


�Do we need the concept of small cell clusters at all for this evaluation? 





- 1 -

