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1. Introduction
In RAN1#78bis, the following agreements were made [1] based on the discussions on scenarios to be considered in this SI:
Agreements:
· 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.

In this contribution, we present our views on further details of the deployment scenarios considering 3D system model, and discuss evaluation methodology for enhanced indoor positioning.
2. Evaluation Scenarios and Methodology
In the last RAN1 meeting, two scenarios are agreed, which are an outdoor deployment scenario for the case of macro plus outdoor small cell only, and an outdoor macro plus indoor small cell scenario, respectively. The former one could be based on SCE scenario 2a where small-cells are deployed in outdoor areas in this case, and the latter one can be based on SCE scenario 2b which is similar to SCE scenario 2a except that all the small-cells are deployed in indoor space. Since the SCE scenarios are well defined as in [2], we propose reusing the SCE scenarios 2a and 2b as much as possible, but with some modifications needed for this study. Our view on the detailed scenario descriptions and evaluation assumptions is summarized in Table 1 and 2, where the modified parts from the existing SCE scenarios are highlighted in yellow.

Table 1. Simulation assumptions for modified SCE scenario 2a.
	
	Macro cell
	Small cell

	Layout
	Hexagonal grid, 3 sectors per site, case 1
19 Macro sites can be used. 
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Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	System bandwidth per carrier
	10MHz
	10MHz

	Carrier frequency 
	2.0GHz
	3.5GHz

	Carrier number
	1
	1 or 2

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

	Distance-dependent path loss
	3D-UMa [referring to Table 7.2-1 in TR36.873], with 3D distance between an eNB and a UE applied

	3D-UMi [referring to Table 7.2-1 in TR36.873] with 3D distance between an eNB and a UE applied

	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: 23dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ] for each link)


	Shadowing
	3D-UMa according to Table 7.3-6 of 36.873
	3D-UMi[referring to Table 7.3-6 in TR36.873]


	Antenna pattern
	3D, referring to TR 36.819

	2D omni-directional is baseline


	Antenna Height: 
	25m + α

(α: uniform random variable and its range is FFS)
	10m + β

(β: uniform random variable and its range is FFS) 

	UE Height
	hUT=3(nfl – 1) + 1.5 m
where, nfl ~ uniform(1,Nfl) and Nfl ~ uniform(4,8)

	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 small cells per cluster
	4, 10

	Number of small cells per Macro cell
	[4,10]*Number of clusters per macro cell geographical area

	Number of UEs 
	At least 1  

	UE dropping
	100% UEs are indoor, 
where UE distribution is random and uniform throughout macro geographical area

	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
	Baseline is synchronized; 

	Performance metrics
	CDF of location accuracy (including latitude, longitude and altitude), and yield


· UE dropping, UE height: In SCE scenario 2a, 80% of UEs are dropped indoor while 20% of UEs are dropped outdoor. Since evaluating the location estimation accuracy of indoor positioning is of main interest, it is natural for all UEs to be dropped indoor for this study. In this context, UE height also needs to be modified. In SCE scenario 2a, the UE height is fixed to 1.5m. To see the performance of the vertical location estimation effectively, we suggest the UE height is defined by reusing the equation of table 6.1 in [3].  
· Distance-dependent path loss, shadowing, fast-fading channel: In order to evaluate the location estimation accuracy especially considering indoor UEs with height variations, SCE scenario 2a combined with 3D channel model needs to be considered, i.e. 3D-UMa for macro cell and 3D-UMi for small cell. 
Table 2. Simulation assumptions for modified SCE scenario 2b.
	
	Macro cell
	Small cell

	Layout
	[image: image3.emf]Hexagonal grid, 3 sectors per site, case 1
19 Macro sites can be used. 
	[image: image2.emf]
The outdoor clusters in Scenario #2a is replaced by the ITU Indoor Hotspots, the hotspots are uniformly random within macro geographical area. The detailed parameters setting for an indoor hotspot can refer to A.2.1.1.5 in TR36. 814; 4 small cells per floor, 2 floors; ISD between small cells within the same floor is 30m.

	System bandwidth per carrier
	10MHz
	10MHz

	Carrier frequency 
	2.0GHz
	3.5GHz

	Carrier number
	1
	1

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

	Distance-dependent path loss
	3D-UMa [referring to Table 7.2-1 in TR36.873], with 3D distance between an eNB and a UE applied

	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, working assumption is ITU UMi [referring to Table B.1.2.1-1 in TR36.814].  hBS = 6m and 12m for the eNBs in the first floor and second floor respectively.  hUT = 1.5m for outdoor UEs and the first floor UEs in another building.  hUT = 7.5m for the second floor UEs in another building. 
3D distance between an eNB and a UE is applied

	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 in the same building:
0dB 

For outdoor UEs:  
23dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ]  for each link)

For indoor UEs in another building: 
46 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 according to Table 7.3-6 of 36.873
	ITU InH [referring to Table A.2.1.1.5-1 in TR36.814]

3D distance between an eNB and a UE is applied.

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

	Antenna Height: 
	25m + α

(α: uniform random variable and its range is FFS)
	6m 

	UE antenna Height
	1.5m

	
	

	Antenna gain + connector loss
	17 dBi 
	5dBi

	Antenna gain of UE
	0 dBi

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

	Antenna configuration
	2Tx2Rx in DL, Cross-polarized

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per cluster
	8

	Number of small cells per Macro cell
	[8]*Number of buildings per macro cell geographical area

	Number of UEs 
	At least 1  

	UE dropping
	UEs are dropped uniformly among the total number of floors within the hotzone building

	Radius for small cell dropping in a cluster
	N/A

	Radius for UE dropping in a cluster
	N/A
	

	Minimum distance (2D distance)
	N/A

	
	3m

	
	Macro –building center: 100m

	
	Macro – UE : 35m
	

	
	building center-building center: 130m

	UE noise figure
	9dB

	UE speed
	3km/h

	Network synchronization
	Baseline is synchronized.

	Performance metrics
	CDF of location accuracy (including latitude, longitude and altitude), and yield 


· UE dropping: For this study item, we only consider the location estimation accuracy of all indoor UEs. Thus, similar to modified SCE scenario 2a, we propose all UEs to be dropped within the hotzone building through entire floors for modified SCE scenario 2b. 
· Distance-dependent path loss, shadowing, fast-fading channel: For the SCE scenario 2b, all small cells are assumed to be deployed indoor. Hence, we suggest reusing the channel models defined in [2] for small cells and adopting 3D-UMa only for macro cell.  
Proposal 1: SCE scenario 2a and 2b can be reused with some modifications as evaluation scenarios for enhanced indoor positioning. 
For simplicity, the eNB antenna height was assumed to be fixed in typical eNB dropping. Although such assumption is feasible for horizontal location estimation, having same antenna height for all eNBs is not proper for vertical location estimation. Therefore, it is worth noting that the assumption on the eNB antenna height variation should be discussed to properly evaluate indoor positioning accuracy in terms of vertical domain. Since each eNB is located at the different altitude in practice, it is desirable to consider eNB antenna height variation in the evaluations for indoor positioning. For example, the eNB can be dropped with uniform and random height value. Regarding this issue, we provide some simulation results in our companion contribution [4]. 
In addition, modeling on interference among PRS transmissions from different eNBs needs to be discussed. For simulations in [4], we consider the PRS transmissions without interference from other eNBs by judicious PRS muting. However, more realistic situations on this issue should be carefully studied. For example, we can further consider the model on PRS transmissions, where PRS interference can be avoided only within each cluster and can occur from eNBs in other clusters. 
Proposal 2: The eNB height variation should be discussed to properly evaluate indoor positioning accuracy in terms of vertical domain. An appropriate modeling on PRS interference also needs to be considered.
3. Conclusion
In this contribution, we discussed our views on deployment scenarios and evaluation methodology for indoor positioning study. The proposals based on the discussion are given as follow:
Proposal 1: SCE scenario 2a and 2b can be reused with some modifications as evaluation scenarios for enhanced indoor positioning.
Proposal 2: The eNB height variation should be discussed to properly evaluate indoor positioning accuracy in terms of vertical domain. An appropriate modeling on PRS interference also needs to be considered.
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