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1 Introduction
In RAN1 #79 meeting, system model and performance metrics for indoor positioning were discussed [1] ~ [2]. The remaining issues for evaluated scenarios are further discussed in [3][4]. In this contribution, a corresponding TP is proposed.
2 Proposal
It is proposed that this TP is agreed for system model and performance metrics for indoor positioning.
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5
Evaluation Methodology for Indoor Positioning

5.1 
System Model for Positioning
5.1.1 Small cell scenarios for evaluation

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 as shown in table 5.1-1
· Outdoor macro + indoor small cell deployment scenario as shown in table 5.1-2

Table 5.1-1 Outdoor macro +outdoor small cell deployment scenario
	
	Outdoor macro cell 
	Outdoor small cell 

	Layout 
	Hexagonal grid, 3 sectors per site, 7 or 19 Macro sites, ISD = 500m 
	Same as SCE scn.1 

	System BW per carrier 
	10MHz 
	10MHz 

	Carrier frequency 
	2.0GHz
	2.0GHz

	Carrier number 
	1 
	1 

	Total BS TX power (P total per carrier) 
	46dBm 
	30dBm 
Optional: 24dBm, 37dBm

	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: 0dB
For indoor UEs: 20dB+0.5din (din: independent uniform random value between [0, min(25,d)] for each link) 
	For outdoor UEs: 0dB
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: 
	25m 
	6-10m, random uniform distribution

	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 TS36.873
	3D-UMi from TS36.873 

	Antenna configuration 
	2Tx2Rx in DL, Cross-polarized 

	Number of clusters/buildings per macro cell geographical area 
	1 

	Number of floors per building
	4

	Number of small cells per cluster 
	4, 10 

	Number of small cells per Macro cell 
	4,10

	Number of UEs
	60 UEs per macro cell geographical area

	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 
	50m 

	Radius for UE dropping in a cluster 
	70m 

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

	
	Small cell-UE: 5m 

	
	Macro –small cell cluster center: 105m 

	
	Macro – UE : 35m 

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

	UE noise figure 
	9dB 

	UE speed 
	3km/h 

	Network synchronization error
	Within 65ns


Table 5.1-2 Outdoor macro + indoor small cell deployment scenario
	
	Outdoor macro cell 
	Indoor small cell 

	Layout 


	Hexagonal grid, 3 sectors per site, 7 or 19 Macro sites, ISD = 500m 


	Same as SCE scn.2b dense, except the following 4 cell locations per floor
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	 System BW per carrier 
	10MHz 
	10MHz 

	Carrier frequency 
	2.0GHz 
	2.0GHz 

	Carrier number 
	1 
	1 

	Total BS TX power (Ptotal per carrier) 
	46dBm 
	24dBm 

	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: 0dB
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: 0dB
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 

	Antenna Height
	25m 
	3(nfl – 1) + 2.5m,  where nfl({1,2,3,4} 

	UE Height 
	hUT=3(nfl – 1) + 1.5m,  where nfl ~ uniform(1,4) 

	Antenna gain + connector loss 
	17 dBi 
	5dBi 

	Antenna gain of UE 
	0 dBi 

	Fast fading channel between eNB and UE* 
	3D-UMa O-to-I from TS36.873
	For indoor UEs: ITU InH
For outdoor UEs: ITU InH NLOS

	Antenna configuration 
	2Tx2Rx in DL, Cross-polarized 

	Number of buildings per macro cell geographical area 
	1 

	Number of floors per building 
	4

	Number of small cells per floor per building 
	4
Option: 4 small cells for odd floor per cluster, 0 small cells for even floor per cluster 

	Number of UEs
	60 UEs per macro cell geographical area

	UE dropping 
	2/3 of UEs are dropped within the hotzone buildings, 1/3 of UEs are dropped throughout the macro geographical area including hotzones. And it needs to revisit it if diverge much from 20%/80% outdoor/indoor UE splitting

	Minimum distance (2D distance) 
	N/A 

	
	Small cell-UE: 3m 

	
	Macro –building center: 100m 

	
	Macro – UE: 35m 

	
	building center-building center: 130m 

	UE noise figure 
	9dB 

	UE speed 
	3km/h 

	Network synchronization error
	Within 65ns


5.1.2 Simulation Assumption for OTDOA
For evaluated scenarios, simulation assumptions for OTDOA related parameters are shown in the following table.
Table 5.1-3 simulation assumption for OTDOA indoor positioning
	System bandwidth 
	10 MHz 

	Cell planning 
	PCI planning for macro and small cells 

	Network synchronization 
	Synchronized, and unsynchronized with 65ns TAE

	Duplex modes 
	FDD 

	Cyclic prefix 
	Normal 

	DRX 
	OFF 

	Number of antenna ports 
	PRS
	1 (antenna port 6)

	
	CRS
	2

	Number of receive antennas 
	2 

	Number of consecutive positioning subframes in one occasion 
	1 and 6 

	PRS periodicity
	160 ms

	PRS bandwidth
	Full system bandwidth

	Measurement bandwidth 
	Full system bandwidth 

	PRS muting 
	PRS muting pattern can be indicated by individual companies, if used 

	PRS Power boosting
	10log6 dB 

0 dB (Optional)

	PDSCH transmission 
	No PDSCH transmission in PRS transmission occasions 

	RSTD report quantization 
	Modelled as in 36.133 section 9.1.10.3 


5.2
Performance Metrics
At least the following performance metrics are suggested for the results analysis:

· CDF of location accuracy for indoor UEs
· horizontal positioning accuracy CDF

· vertical positioning accuracy CDF

-----------------------------------------------------------End of TP---------------------------------------------------------












































































