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1. Introduction
In RAN1#79, the agreements on evaluation scenarios and assumptions for indoor positioning study were made [1]. However, there are still some issues on evaluation methodology to be further discussed for evaluating system performance of indoor positioning as follows:
Agreements:
· Take R1-145396 as a working assumption, except

· FFS synchronization error

· FFS the number of floors (up to 8)

· FFS whether or not to additionally have different carrier frequencies for macro and small cells

· E.g., 2GHz macro + 3.5GHz small cells

· FFS the cluster/density of small cells

· FFS whether the total number of small cells can be zero

· FFS UE dropping model

· For outdoor macro + outdoor small cell scenario

· FFS the antenna height for small cells

· For outdoor macro + indoor small cell scenario

· FFS whether to use single or dual-strip model for indoor small cells
In this contribution, we present initial evaluation results for indoor positioning study under the assumptions of considered scenarios. 
2. Evaluation Scenarios and Assumptions
In our simulations, we consider two scenarios for evaluating the positioning performance of indoor UEs, which are agreed in RAN1#78bis meeting as follows:

(1) Outdoor macro and outdoor small cell deployment scenario 
(2) Outdoor macro and indoor small cell deployment scenario 
Based on the agreements at the last meeting [1] and the assumptions described in our companion contribution [2], we herein provide evaluation results for the above two scenarios to see the indoor positioning performance of LTE OTDOA method. As a location estimation algorithm, we use the least-square (LS) algorithm given that UEs’ OTDOA measurements are reported and 3-dimensional coordinates of all eNBs are known. The detailed assumptions utilized in our evaluation are summarized in the Appendix. 
3. Evaluation Results
In Figure 1, we present initial evaluation results for outdoor macro and outdoor small cell scenario. For outdoor macro and outdoor small cell scenario, it is observed that the location estimation accuracy requirement can be met with respect to the horizontal domain while it cannot with respect to the vertical domain. From Figure 1, it is also shown that the positioning performance according to the macro eNB height variation. There is no huge impact on the horizontal location estimation accuracy as the macro eNB height varies. On the other hand, it is observed that the macro eNB height variation makes an impact on the vertical location estimation accuracy. Furthermore, as the range of the macro eNB height variation increases, it is shown that the vertical location estimation accuracy can be improved more significantly. 
In Figure 2, we provide initial evaluation results for outdoor macro and indoor small cell scenario. It is also observed that the location estimation accuracy requirement can be met with respect to the horizontal domain but it cannot with respect to the vertical domain. 
From both simulation results, it seems that further study to investigate the enhancement of indoor UEs’ positioning is needed to meet the requirement of location estimation accuracy. 
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Figure 1. Location estimation accuracy for outdoor macro + outdoor small cell scenario
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Figure 2. Location estimation accuracy for outdoor macro + indoor small cell scenario
4. Conclusion
In this contribution, we have presented initial evaluation results for indoor positioning for two considered scenarios. 
______________________________________________________________________
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Appendix: Detailed evaluation assumptions
	Outdoor macro and outdoor small cell deployment scenario

	
	Outdoor macro cell
	outdoor small cell

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites, ISD=500m
	Clusters uniformly random within macro geographical area; small cells random dropping within cluster area

	System bandwidth per carrier
	10 MHz
	10 MHz

	Carrier frequency
	2 GHz
	2 GHz

	Carrier number
	1
	1

	Total BS Tx power
	46 dBm
	30 dBm

	Distance-dependent path loss
	3D-UMa [referring to Table 7.2-1 in TR36.873]
	3D-UMi [referring to Table 7.2-1 in TR36.873]

	Penetration
	For outdoor UEs: 0 dB

For indoor UEs: 20dB+0.5din (din: independent uniform random value between [0,min(25,d)] for each link)
	For outdoor UEs: 0 dB

For indoor UEs: 20dB+0.5din (din: independent uniform random value between [0,min(25,UE-to-eNB distance)] for each link)

	Shadowing
	3D-UMa [referring to Table 7.3-6 in TR36.873]
	3D-UMi [referring to Table 7.3-6 in TR36.873]

	Antenna pattern
	3D, referring to TR36.819
	2D omni-directional baseline

Optional: 3D, referring to TR36.819

	Antenna height
	fixed to 25 m
[10 m, 40 m]

[10 m, 50 m] 

[10 m, 70 m]
	10 m

	UE height
	hUT=3(nfl-1)+1.5 m

where nfl~uniform(1,Nfl) and Nfl=4

	Antenna gain  + connector loss
	17 dBi
	5 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	3D-UMa from TR36.873
	3D-UMi from TR36.873

	Antenna configuration
	2 Tx x 2 Rx in DL, cross-polarized

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per cluster
	4, 10

	UE dropping
	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

	Radius for small cell dropping in a cluster 
	50 m

	Radius for UE dropping in a cluster
	70 m

	Minimum distance

(2D distance)
	Small cell-small cell: 20 m

	
	Small cell-UE: 5m

	
	Macro-small cell cluster center: 105 m

	
	Macro-UE: 35 m

	
	Cluster center-cluster center: 2*radius for small cell dropping in a cluster

	UE noise figure
	9 dB

	UE speed
	3 km/h

	Network synchronization
	Synchronized

	Performance metrics
	CDF of horizontal and vertical accuracy of indoor UEs


	Outdoor macro and indoor small cell deployment scenario

	
	Outdoor macro cell
	indoor small cell

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites, ISD=500m
	[image: image5.emf]
Same as SCE scenario 2b dense except the number of floors. 

	System bandwidth per carrier
	10 MHz
	10 MHz

	Carrier frequency
	2 GHz
	2 GHz

	Carrier number
	1
	1

	Total BS Tx power
	46 dBm
	24 dBm

	Distance-dependent path loss
	3D-UMa O-to-I [referring to Table 7.2-1 in TR36.873]
	For indoor UEs in the same building: ITU-InH [referring to Table B.1.2.1-1 in TR36.814]

For outdoor UEs and indoor UEs in another building: ITU-UMi [referring to Table B.1.2.1-1 in TR36.814]

	Penetration
	For outdoor UEs: 0 dB

For indoor UEs: 20dB+0.5din (din: independent uniform random value between [0,min(25,d)] for each link)
	For indoor UEs on the same floor in the same building: 0 dB
For indoor UEs on another floor in the same building: 18.3 n(n+2)/(n+1)-0.46 dB, where n is the number of penetrated floors
For outdoor UEs: 20dB+0.5din (din: independent uniform random value between [0,min(25,UE-to-eNB distance)] for each link)

For indoor UEs in another building: 40 dB+0.5(din_1+din_2)( din_1 and din_2 are independent uniform random value between [0,min(25,UE-to-eNB distance)] for each link)

	Shadowing
	3D-UMa O-to-I [referring to Table 7.3-6 in TR36.873]
	ITU-InH [referring to Table A.2.1.1.5-1 in TR36.814]

	Antenna pattern
	3D, referring to TR36.819
	2D omni-directional baseline

	Antenna height
	25 m
	3(nfl-1)+2.5 m

where nfl ∈{1,2,3,4}

	UE height
	hUT=3(nfl-1)+1.5 m

where nfl~uniform(1,Nfl) and Nfl=4

	Antenna gain  + connector loss
	17 dBi
	5 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	3D-UMa O-to-I from TR36.873
	For indoor UEs: ITU InH

For outdoor UEs: ITU InH NLOS

	Antenna configuration
	2 Tx x 2 Rx in DL, cross-polarized

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per floor per building
	4

	UE dropping
	2/3 UEs randomly and uniformly dropped within the clusters, 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=30% probability, where x>=0. Companies should indicate the value x when presenting the results.

	Minimum distance

(2D distance)
	N/A

	
	Small cell-UE: 3m

	
	Macro-building center: 100 m

	
	Macro-UE: 35 m

	
	Building center-Building center: 130 m

	UE noise figure
	9 dB

	UE speed
	3 km/h

	Network synchronization
	Synchronized

	Performance metrics
	CDF of horizontal and vertical accuracy of indoor UEs








PAGE  
3

