3GPP TSG RAN WG1 Meeting #94bis		R1-1810531
Chengdu, China, Oct 8th – 12th, 2018 

Source:	CATT
[bookmark: Title]Title:	NR Positioning Evaluation Scenarios and Methodologies
[bookmark: Source]Agenda Item:	7.2.10.2
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
In RAN#80, the new SID was approved on NR positioning support [1]. One of the objectives of the SID is identified as follows:
· Select the requirements, and study corresponding evaluation scenarios/methodologies to enable positioning in regulatory and commercial use cases [RAN1]
· Identify requirements such as accuracy, latency, capacity, coverage, and etc. (in RAN1 #94bis)
· For evaluation purpose, radio layer level latency is considered rather than end-to-end latency.
· Define a representative number of evaluation scenarios for indoor and outdoor
· One use case representing indoor (e.g. Indoor Office as a baseline)
· One use case representing outdoor (Umi-street canyon and Uma scenario as baseline)
· One macro deployment from TR37.857 for FR1
· Note: Any specific deployment scenarios are also studied including evaluation scenarios for FR2.
· Define evaluation methodologies considering the above evaluation scenarios including:
· System parameters including operating bands for both FR1 and FR2 at least for RAT-dependent (NR-based) positioning and for hybrid of RAT-dependent and RAT-independent positioning
· User dropping procedures
· Performance metrics to evaluate vertical/horizontal positioning and the above identified requirements
· The evaluation scenarios/methodologies developed for above regulatory aspects can be a baseline for other positioning evaluations at least by taking TR 37.857 into account.

In this contribution, we discuss the NR positioning evaluation scenarios and evaluation methodologies for this SI.
[bookmark: _Toc506923672]Evaluation Scenarios
For NR positioning SI, the evaluation scenarios should include the use cases for indoor, outdoor and macro deployment environment for FR1 and FR2. In this section, we present our proposals for the evaluation scenarios for NR positioning.
Evaluation scenarios for outdoor
The simulation parameters for the proposed evaluation scenarios for outdoor deployment are presented in Table 2-1. The proposal is developed starting from the evaluation scenarios for outdoor macro deployments from TR 37.857 and also the simulation models from TR38.901.
Table 2-1: Outdoor macro + outdoor small cell deployment scenarios and outdoor macro-only deployment scenario (outdoor small cells = 0)
	
	Outdoor macro cell 
	Outdoor small cell

	Layout 
	Hexagonal grid, 3 sectors per site, 7 or 19 Macro sites, ISD = 500m 
	Same as small cell enhancement (SCE) scenario 1 

	System BW per carrier 
	10MHz 
	10MHz 

	Carrier frequency 
	2.0GHz
	2.0GHz

	Carrier number 
	1 
	1 

	Total BS TX power (Ptotal per carrier) 
	46dBm 
	30dBm 

	Distance-dependent path loss 
	UMa [referring to Table 7.4.1-1 in TR38.901] - Note 2
	UMi [referring to Table 7.4.1-1 in TR38.901] - Note 2

	Penetration 

	For outdoor UEs: 0dB
For indoor UEs: referring to Table   7.4.3-3 in TR38.901 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 
	UMa [referring to Table 7.5-6 in TR38.901] - Note 2
	UMi [referring to Table 7.5-6 in TR38.901] - Note 2

	Antenna Configuration at the TRP
(Ref. A.2.1-4 TS 38.802)
	Dense urban and Urban macro:
- Baseline: (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1);  (dH, dV) = (0.5, 0.8)λ

	Dense urban and Urban macro:
- Baseline: (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1);  (dH, dV) = (0.5, 0.8)λ


	Antenna Configuration at the UE
(Ref. A.2.1-4 TS 38.802)
	Panel model 1: Mg = 1, Ng = 1, P = 2, dH = 0.5

	Panel model 1: Mg = 1, Ng = 1, P = 2, dH = 0.5


	Antenna Height: 
	25m + α, where α~uniform[-5, 25]
	10m + β, where β~uniform[-5, 10]

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

	Antenna gain + connector loss 
	17 dBi 
	5 dBi 

	Antenna gain of UE 
	0 dBi 

	Fast fading channel between gNB and UE
	UMa [referring to Table 7.5-6 in TR38.901] - Note 2
	UMi [referring to Table 7.5-6 in TR38.901]  - Note 2

	Antenna configuration 
	2Tx2Rx in DL, Cross-polarized 

	Number of clusters/buildings per macro cell geographical area 
	1 

	Number of floors per building
	8

	Number of small cells per cluster 
	0, 4, 10 

	Number of small cells per Macro cell 
	{0, 4,10}*Number of clusters 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
	Perfectly synchronized for a baseline.  
Additionally, the network synchronization error case can be optionally simulated.  If included, the network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between a gNB and a timing reference source which is assumed to have perfect timing, subject to the largest timing  difference of T2 ns, where T2 = 2*T1
–	That is, the range of timing errors is [-T2, T2]
–	T1:	Default: 50ns (for the additional performance evaluation)
–	Each individual company can further pick other values

	UE Calibration Error – Note 3
	Perfectly calibrated for a baseline.
Additionally, UE calibration error can be optionally simulated. If included, the UE calibration error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) RMS values, subject to the largest timing difference of T2 ns, where T2 = 2*T1
–	That is, the range of timing errors is [-T2, T2]

	NOTE 1: 	
NOTE 2: 	Within UMa modeling, UMa O2I is used for indoor UEs; UMa LOS or UMa NLOS, depending on LOS probability, is used for outdoor UEs. Within UMi modeling, UMi O2I is used for indoor UEs; UMi LOS or UMi NLOS, depending on LOS probability, is used for outdoor UEs.
NOTE 3:   Only applicable for the optional case where the macro and outdoor small cells are on different carrier frequencies.



Evaluation scenarios for Macro deployment
The simulation parameters for the evaluation scenarios for macro deployment (FR1) with indoor small cells (FR2) are presented in Table 2-2. The evaluation scenarios are developed from the macro deployment (FR1) with indoor small cells from TR 37.857 and also the simulation models from TR38.901.



Table 2.2: Case 2: Outdoor macro (FR1) + indoor small cell (FR2) 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 
	100MHz 

	Carrier frequency 
	2.0GHz
	26.5GHz 

	Carrier number 
	1 
	2 

	Subcarrier spacing 
	1 
	120 kHz

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

	Distance-dependent path loss 
	UMa [referring to Table 7.4.1-1 in TRTR38.901] - Note 2
	
For indoor UEs in the same building: InH [referring to Table 7.4.1-1 in TRTR38.901]. For outdoor UEs and indoor UEs in another building, UMi [referring to Table 7.4.1-1 in TRTR38.901] 


	Penetration 
	For outdoor UEs: 0dB
For indoor UEs: referring to Table   7.4.3-3 for FR1 in TR38.901.
	For indoor UEs on the same floor in the same building: 0dB
For indoor UEs on another floor in the same building: O2I building penetration low-loss model in Table 7.4.3-2 in TR38.901. 
For outdoor UEs: O2I building penetration low-loss model in Table 7.4.3-2 in TR38.901
For indoor UEs in another building: O2I building penetration high-loss model in Table 7.4.3-2 in TR38.901.



	Shadowing 
	UMa [referring to Table 7.5-6 in TR38.901] - Note 2
	InH [referring to Table 7.4.1-1 in TR38.901]


	Antenna Configuration at the TRP
(Ref. A.2.1-4 TS 38.802)
	Dense urban and Urban macro:
- Baseline: (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1).
- Baseline: (dH, dV) = (0.5, 0.8)λ


	Indoor hotspot:
- Baseline: (4, 8, 2, 1, 1); (dH, dV) = (0.5, 0.5)λ


	Antenna Configuration at the UE
(Ref. A.2.1-4 TS 38.802)
	Panel model 1: Mg = 1, Ng = 1, P = 2, dH = 0.5


	For NR MIMO evaluation: 
 - Config 1: (Mg, Ng) = (1, 2); Θmg,ng=90°; Ω0,1=Ω0,0+180°; (dg,H, dg,V)=(0,0)
 - Config 2: (Mg, Ng) = (1, 4); Θmg,ng=90°; Ω0,1=Ω0,0+90°; Ω0,2=Ω0,0+180°; Ω0,3=Ω0,0+270°; (dg,H, dg,V)=(0, 0)


	Antenna Height: 
	25m + α, where α~uniform[-5, 25]
	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 gNB and UE
	UMa [referring to Table 7.5-6 in TR38.901].- Note 2 
	For indoor UEs: InH [referring to Table 7.4.1-1 in TR38.901]
For outdoor UEs: InH NLOS [referring to Table 7.4.1-1 in TR38.901]

	Antenna configuration
	2Tx2Rx in DL, Cross-polarized
	???

	Number of buildings per macro cell geographical area
	1

	Number of floors per building
	4

	Layout/Density/number of small cells per floor per building
	4*(number of floors), single strip model.

	Minimum distance (2D distance)

	Small cell-UE: 3m 
Macro –building center: 100m 
Macro – UE: 35m 
building center-building center: 130m

	UE Dropping Model
	•	2/3 UEs randomly and uniformly dropped within the hotzone buildings, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area (including hot zones).
•	A UE is an indoor UE if it is located within a hot zone building.
•	Additionally, a UE not located within a hot zone building is classified as an indoor UE with x% probability, where x>=0. Companies should indicate the value x when presenting the results.

	UE noise figure
	9dB

	UE speed
	3km/h

	Network synchronization
	Perfectly synchronized for a baseline. 
Additionally, the network synchronization error case can be optionally simulated.  If included, the network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an eNB and a timing reference source which is assumed to have perfect timing, subject to the largest timing  difference of T2 ns, where T2 = 2*T1
–	That is, the range of timing errors is [-T2, T2]
–	T1:	Default: 50ns (for the additional performance evaluation)
–	Each individual company can further pick other values

	UE Calibration Error – Note 3
	Perfectly calibrated for a baseline.
Additionally, UE calibration error can be optionally simulated. If included, the UE calibration error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) RMS values, subject to the largest timing difference of T2 ns, where T2 = 2*T1
–	That is, the range of timing errors is [-T2, T2]

	NOTE 1:	Within UMa modeling, UMa O2I is used for indoor UEs; UMa LOS or UMa NLOS, depending on LOS probability, is used for outdoor UEs.
NOTE 2:	Only applicable for the optional case where the macro and outdoor small cells are on different carrier frequencies.



Scenarios for Indoor Positioning
For the indoor positioning scenario, we focus on small coverage per site/TRxP (transmission and reception point) and high user density in buildings. 

Table 2.3: Case 3: Indoor small cell deployment scenario (FR1/FR2)
	
	Indoor small cell (FR1)
	Indoor small cell (FR2) 

	Layout 

	Same as SCE scn.2b dense, except the following 4 cell locations per floor
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	System BW per carrier 
	10MHz 
	100MHz 

	Carrier frequency 
	3.0GHz [2GHz to 4GHz] – Note 1
	30GHz – Note 1

	Carrier number 
	1 
	2

	Subcarrier spacing
	15kHz
	120kHz

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

	Distance-dependent path loss 
	For indoor UEs in the same building: InH [referring to Table 7.4.1-1 in TRTR38.901]. For outdoor UEs and indoor UEs in another building, UMi [referring to Table 7.4.1-1 in TRTR38.901] 


	Penetration 
	For indoor UEs on the same floor in the same building: 0dB
For indoor UEs on another floor in the same building: O2I building penetration low-loss model in Table 7.4.3-2 in TR38.901. 
For outdoor UEs: O2I building penetration low-loss model in Table 7.4.3-2 in TR38.901
For indoor UEs in another building: O2I building penetration high-loss model in Table 7.4.3-2 in TR38.901.

	For indoor UEs on the same floor in the same building: 0dB
For indoor UEs on another floor in the same building: O2I building penetration low-loss model in Table 7.4.3-2 in TR38.901. 
For outdoor UEs: O2I building penetration low-loss model in Table 7.4.3-2 in TR38.901
For indoor UEs in another building: O2I building penetration high-loss model in Table 7.4.3-2 in TR38.901.


	Shadowing 
	InH [referring to Table 7.4.1-1 in TR38.901]

	InH [referring to Table 7.4.1-1 in TR38.901]


	Antenna Configuration at the TRP (M, N, P, Mg, Ng) 
(Ref. A.2.1-4 TS 38.802)
	Indoor hotspot:
- Baseline: (4, 4, 2, 1, 1); (dH, dV) = (0.5, 0.5)λ

	Indoor hotspot:
- Baseline: (4, 8, 2, 1, 1); (dH, dV) = (0.5, 0.5)λ


	Antenna Configuration at the UE
(Ref. A.2.1-4 TS 38.802)
	(1, 1, 2) with omnidirectional antenna element

(Ref. Table A.1.5-1 in TS 38.802)
	(2, 4, 2), with directional antenna element (HPBW=90 degrees , directivity 5 dBi)
(Ref. Table A.1.5-1 in TS 38.802)

	Antenna Height: 
	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
	5dBi
	5dBi

	The antenna gain of UE
	0 dBi

	Fast fading channel between gNB and UE
	For indoor UEs: InH
For outdoor UEs: InH NLOS
	For indoor UEs: InH
For outdoor UEs: InH NLOS

	Antenna configuration
	2Tx2Rx in DL, Cross-polarized
	

	Number of buildings per macro cell geographical area
	N/A

	Number of floors per building
	4

	Layout/Density/number of small cells per floor per building
	4*(number of floors), single strip model.

	Minimum distance (2D distance)

	Small cell-UE: 3m 
Macro –building center: 100m 
Macro – UE: 35m 
building center-building center: 130m

	UE Dropping Model
	•	2/3 UEs randomly and uniformly dropped within the hot zone buildings, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area (including hot zones).
•	A UE is an indoor UE if it is located within a hot zone building.
•	Additionally, a UE not located within a hot zone building is classified as an indoor UE with x% probability, where x>=0. Companies should indicate the value x when presenting the results.

	UE noise figure
	9dB

	UE speed
	3km/h

	Network synchronization
	Perfectly synchronized for a baseline. 
Additionally, the network synchronization error case can be optionally simulated.  If included, the network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) RMS values between an eNB and a timing reference source which is assumed to have perfect timing, subject to the largest timing  difference of T2 ns, where T2 = 2*T1
–	That is, the range of timing errors is [-T2, T2]
–	T1:	Default: 50ns (for the additional performance evaluation)
–	Each individual company can further pick other values

	UE Calibration Error – Note 3
	Perfectly calibrated for a baseline.
Additionally, UE calibration error can be optionally simulated. If included, the UE calibration error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) RMS values, subject to the largest timing difference of T2 ns, where T2 = 2*T1
–	That is, the range of timing errors is [-T2, T2]

	NOTE 1:	For the optional case of the macro and indoor small cells are on different carrier frequencies, i.e., 2GHz macro + 3.5GHz indoor small cells, the penetration loss models are specified as part of Rel-12 small cell study [6].
NOTE 2:	Within UMa modeling, UMa O2I is used for indoor UEs; UMa LOS or UMa NLOS, depending on LOS probability, is used for outdoor UEs.
NOTE 3:	Only applicable for the optional case where the macro and outdoor small cells are on different carrier frequencies.


Performance metrics
[bookmark: _Toc437275446]Horizontal accuracy
Horizontal accuracy is the difference between the calculated horizontal position and the actual horizontal position of a UE.   For simulations, the horizontal accuracy should be reported as a CDF across a percentage of users where an accuracy threshold (in meters) is being met.  The following percentiles should be used in a simulation performance summary table: 40%, 50%, 70%, 80%, and 90%. 
[bookmark: _Toc437275447]Vertical accuracy
Vertical accuracy is the difference between the calculated vertical position and the actual vertical position of a UE. For evaluation results, the vertical accuracy should be reported as a CDF across a percentage of indoor users where an accuracy threshold (in meters) is being met. The following percentiles should be used in a simulation performance summary table: 40%, 50%, 70%, 80%, and 90%.
Positioning delay
From physical layer point of view, we believe RAN1 should focus on the measurement duration, which can be defined as the time when the physical layer receives the higher-layer message to start the physical layer measurements to the time when the physical layer provides the physical layer measurements. The time needed for the preparation of the measurements, such as providing the OTDOA assistance information etc., can be counted separately if needed.
Conclusion
We presented our proposals the NR positioning evaluation scenarios and evaluation methodologies for this SI.
Proposal 1: Adopt the evaluation scenarios evaluation methodologies presented in Sections 2 and 3 for this SI.
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