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1 Introduction

The SID [1] objectives reads:

· The objectives of this study item are 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 will discuss existing deployment scenarios in 3GPP and comment on suitability for evaluations techniques. In addition the paper also discusses suitable performance metrics to compare results. 
2 Indoor positioning evaluation scenarios for RAT-dependent deployments
The indoor positioning enhancement studies are closely related to the small cell studies reported in [2]. Therefore, it is relevant to take advantage of the scenario work from that study also in this study.
Small cells are evaluated with (Scenario 1 and 2) and without (Scenario 3) macro cells, and with outdoor small cells (Scenario 1) as well as indoor small cells (Scenario 2 and 3). Scenario 1 and 2 also includes 80% indoor users and 20% outdoor users.
Furthermore, there is also a new 3D channel mode for LTE [3], which addresses 3D modeling in more detail. It is reasonable to adopt such models given the invested time on alignment and calibration.
In the following, we extract suitable scenarios that are relevant for evaluating indoor positioning enhancements.

2.1 Simulation scenarios with outdoor deployments only
There exist deployments in reality wherein there are no indoor system deployed and the only method to perform positioning is by utilizing outdoor deployed nodes, i.e. eNB or satellite based systems. Outdoor node-based scenarios with users outdoors and in buildings should preferably be addressed using the newly agreed upon 3D models [3]. Table 2 provides a summary of some key parameters, and the details are found in [3]. The simulation assumptions should be defined for studying what the baseline performance is for an outdoor to indoor positioning setup, and the simulation assumptions are then reused when evaluating any enhancements beyond the baseline. It is obvious that the positioning can be improved by changing the density of nodes providing positioning support. Hence this should not be performed when studying enhancements for positioning.
Proposals: 
· Define an outdoor deployment scenario according to Table 2 in the appendix
· The defined outdoor deployment is used in evaluating baseline performance for the case of no indoor deployed positioning system

· For studying enhancements to the existing positioning techniques, no changes to the defined outdoor deployment scenario is allowed
2.2 Simulation scenarios including indoor deployments
In order to address indoor deployment scenarios, the indoor deployments of Scenario 2 from the small cells evaluations [2, A.1.4] can be considered, which is summarized in Table 2, with denser indoor deployments in Scenario 2c. In order to model the height of the building, the assumption for this has been taken from 3D channel modelling. In addition, deployment of even lower power nodes are gaining momentum. Thus deployment scenario with low power nodes is included in Figure 1 and Table 2. 

When expanding the indoor modelling to also include floors, it is required to also consider the antenna patterns for the small cells. Currently within 3GPP there is no model for antenna patterns for indoor deployed nodes. Hence, we propose to study this aspect further. 
Similar to the macro deployment scenario, the simulations assumptions should be adopted to define what the baseline performance is for an indoor deployment. It is obvious that the positioning can be improved by changing the density of nodes providing positioning support. Due to this, the density of the nodes should not be changed when studying enhancements for positioning.

Proposals: 
· Define an indoor deployment scenario according to Table 3 in the appendix

· The defined indoor deployment is used in evaluating baseline performance for the case of indoor deployed positioning system

· For studying enhancements to the existing positioning techniques, no changes to the defined indoor deployment scenario is allowed
2.3 Performance metrics
Traditionally, positioning performance is evaluated over the UE population in terms of the positioning accuracy cumulative distribution function (CDF). Thus it is proposed that positioning performance metrics listed in Table 1 are adopted in this study item.
Table 1. Positioning performance metrics.

	Outdoor deployment
	· horizontal positioning accuracy CDF for outdoor UEs
· horizontal positioning accuracy CDF for indoor UEs

	Indoor deployment
	· horizontal positioning accuracy CDF

· vertical positioning accuracy CDF


3 Conclusion
This contribution discusses evaluations assumptions and performance metrics for the study item of indoor positioning enhancements. Based on the discussion the following are proposed:

· Define an outdoor deployment scenario according to Table 2 in the appendix
· The defined outdoor deployment is used in evaluating baseline performance for the case of no indoor deployed positioning system

· For studying enhancements to the existing positioning techniques, no changes to the defined outdoor deployment scenario is allowed

· Define an indoor deployment scenario according to Table 3 in the appendix

· The defined indoor deployment is used in evaluating baseline performance for the case of indoor deployed positioning system

· For studying enhancements to the existing positioning techniques, no changes to the defined indoor deployment scenario is allowed

· Study further the antenna patterns and antenna gains for indoor systems considering the 3D model

· Adopt the following performance metrics

· Outdoor deployment: 

· horizontal positioning accuracy CDF: outdoor UEs
· horizontal positioning accuracy CDF: indoor UEs

· Indoor deployment: 

· horizontal positioning accuracy CDF

· vertical positioning accuracy CDF
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5 Appendix

5.1 Outdoor deployment scenario

Table 2. Outdoor deployment scenario

	
	Urban Micro cell

with high UE density

(3D-UMi)

	Layout
	
	Hexagonal grid, 19 micro sites,3 sectors per site

	UE mobility (movement in horizontal plane)
	
	3km/h

	BS antenna height
	
	10m

	Total BS Tx Power
	
	41/44 dBm for 10/20MHz

	Carrier frequency
	
	2 GHz

	Min. UE-BS 2D distance 
	
	10m 

	UE height (hUT) in meters
	general equation
	hUT=3(nfl_UE – 1) + 1.5

	
	nfl_UE for outdoor UEs
	1

	
	nfl_UE for indoor UEs
	nfl_UE ~ uniform(1, Nfl) where 

Nfl ~ uniform(4,8)

	Indoor UE fraction
	
	80%

	UE distribution (in x-y plane)
	Outdoor UEs
	uniform in cell

	
	Indoor UEs
	uniform in cell

	ISD
	
	200m


5.2 Indoor deployment scenarios
Indoor deployment of small cells per 50 x 120m floor are 4 nodes per floor (24 dBm total BS TX power)or 8 nodes per floor (21 dBm), see Figure 1. Details are found in Table 2.
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Figure 1. Indoor deployment scenario.
Table 3. Indoor deployment scenario.
	
	Small cell

	Layout
	The layout features ITU Indoor Hotspots corresponding to buildings with 4-8 floors. Each floor has a dimension of 50m-by-120m as illustrated in Figure 1. The hotspots are uniformly randomly distributed within a macro geographical area. For detailed parameter settings of an indoor hotspot, refer to A.2.1.1.5 in TR36.814.

With 24 dBm nodes, 4 nodes per floor and 
with 21 dBm, 8 nodes per floor.

	System bandwidth per carrier
	10MHz

	Carrier frequency 
	2.0GHz

	Carrier number
	1

	Total BS TX power (Ptotal per carrier)
	24dBm, 21 dBm

	Distance-dependent path loss
	For indoor UEs : ITU InH [referring to Table B.1.2.1-1 in TR36.814] 

	Penetration
	For indoor UEs on the same floor: 0dB 

For indoor UEs on another floor: 
15|nfl_SC_ - nfl_UE| + 4(|nfl_SC_ - nfl_UE|-1) dB,

where nfl_SC is the small cell floor level, and nfl_UE is the UE floor


	Shadowing
	ITU InH [referring to Table A.2.1.1.5-1 in TR36.814]

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


	BS antenna pattern
	FFS

	BS antenna height 
	3nfl_SC + 2.5 m 
nfl_SC ~ uniform(1, Nfl) where Nfl ~ uniform(4,8)

	UE antenna Height
	3(nfl_UE -1) + 1.5 m
nfl_UE ~ uniform(1, Nfl) where Nfl ~ uniform(4,8) 


	BS antenna gain + connector loss
	FFS

	UE antenna gain
	0 dBi

	Fast fading channel between BS and UE
	For indoor UEs:ITU InH

	Minimum distance (2D distance)
	N/A

	
	BS – UE: 3m
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