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[bookmark: _Ref349588338]1. 	Introduction
At RAN#80 the study item on NR positioning – "Study on NR Positioning Support" – was approved [1], and revised at RAN#81 [2]. The objectives of this SI include (among others) the following:
· 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 scenarios and simulation assumptions for evaluating RAT dependent positioning solutions in NR. The requirements and performance metrics are discussed in a separate contribution [7].

2. 	Scenarios, System Models and Assumptions
To evaluate and compare the performance of different positioning solutions by means of simulations, appropriate modelling of the deployment scenarios and radio environment is required. Due to the large number of use cases and potential deployments for positioning, a definition of representative scenarios is desired, as also pointed out in the SID objectives listed in section 1 above. Various 3GPP Technical Reports already exist which can form the basis for the positioning evaluation scenarios and channel models (e.g., [3] – [6]), such as Urban Macro (UMa) scenario, Urban Micro (UMi-street canyon) and Indoor Office [3]. These three scenarios can be briefly characterized as follows [3]:
(1)	Urban Macro (UMa): 
An urban macrorcellular environment targeting continuous coverage for pedestrian up to fast vehicular users. The base stations are typically mounted above rooftop levels of surrounding buildings. 
(2)	Urban Micro (UMi) – street canyon:
An urban microcellular environment with higher user density focusing on pedestrian and slow vehicular users. This environment targets small cells and high user densities and traffic loads in city centres and dense urban areas. 
The base stations are typically mounted below rooftop levels of surrounding buildings.
(3)	Indoor Office:
An indoor environment targeting isolated cells at offices, shopping malls and/or hotspots assuming stationary and pedestrian users. 
The base stations are typically mounted at a height of 2-3 m either on the ceilings or walls. The shopping malls are often 1-5 stories high and may include an open area ("atrium") shared by several floors.
 
The SID objectives listed in section 1 above also mention a macro deployment from TR 37.857 [5]. However, the scenarios in TR 37.857 are essentially a combination of the above listed 3 environments. E.g., a combination of UMa and UMi, or a combination of UMa and Indoor Office. For the evaluation and comparison of different positioning solutions and physical layer design options, we believe that a "combined scenario" does not provide any additional insight. To reduce the overall simulation time and complexity, it is proposed to focus on the above three scenarios only.

Proposal 1:	Define the following three representative scenarios for NR positioning evaluations: 
(1) Urban Macro (UMa); 
(2)	Urban Micro (UMi) – street canyon; and 
(3)	Indoor Office.

Various positioning use cases require UE location outdoors and indoors [7]. For the UMa and UMi scenarios, both, O2O and O2I channel models exist in [3]. Therefore, outdoor and indoor UEs should be simulated for the UMa and UMi scenario. A indoor:outdoor UE ratio of 50:50 is proposed. For the Indoor Office scenario, the indoor UE fraction is 100%. For evaluation (e.g., collecting positioning error statistics), the performance metric is collected separately for indoor and outdoor UEs for each scenario. 

Proposal 2:	For the UMa and UMi scenarios, the fraction of indoor UEs is 50%. For the Indoor Office scenario, all UEs are considered indoors. Performance statistics (e.g., CDF of positioning error [7]) are collected separately for outdoor and indoor UEs.

Accurate simulation of multipath fading is a crucial issue in the development and evaluation of positioning measurement systems (e.g., for time-of-arrival (TOA) estimation). 3GPP multipath channel models for frequencies up to 100 GHz have been developed in TR 38.901 [3] for all the scenarios in Proposal 1 above (and have already been calibrated by individual companies). These channel models are also proposed for positioning performance evaluations.

Proposal 3:	For evaluation of positioning solutions, the (multipath) channel models in TR 38.901 are used for FR1 and FR2.

For evaluation and simulation of baseline performance, a "static" simulation methodology is proposed. The mobiles are randomly positioned over a model of the radio network and the radio channel between the target mobile and each base station is calculated according to propagation and fading models defined in [3]. Each radio link is then simulated according to the proposed positioning solution or design option and statistics are collected (e.g., positioning error). New mobiles are then randomly positioned for a new iteration step. The fast fading is simulated without "physically" moving the mobile on the radio network model. However, mobile speeds are still considered in the individual link simulations. For indoor stationary/pedestrian users a mobile speed of 3 km/h is proposed; for the UMa and UMi outdoor UEs a mobile speed of 120 km/h and 50 km/h, respectively, is proposed in addition.  

Proposal 4:	For comparison and evaluating baseline performance, a "static" simulation methodology is used. Mobile speeds are only accounted for in the time-evolution of the fast fading, and not for other potentially position-dependent channel parameters such as angles of arrival, path-loss, direction of the line-of-sight, etc, which remain fixed for each simulation drop/instance. 

For the UE and BS heights, the models in TR 37.857 [5] are proposed to be reused in this study. For outdoor UEs, a typical UE height of 1.5 m is used, whereas for the indoor UEs eight floors are used for the UMa and UMi scenarios, and four floors for the Indoor Office scenario [5]. 

Proposal 5: 	For the UE and BS heights, the models in TR 37.857 are used.

Other simulation assuptions are mostly taken from TR 38.802 [4], and are summarized in the Annex of this contribution. For performance metric, the CDF of the positioning error is proposed as used before in [5], separately for horizonrtal and (optionally) vertical error, and separately for the indoor and outdoor UEs. In addition, the latency under which the reported positioning error was obtained should be provided [7]. 

Proposal 6: 	Adopt the simulation scenarios and assumptions summarized in the Annex of this contribution. 


3. 	Summary
In this contribution, we discussed the scenarios and simulation assumptions for evaluating RAT dependent positioning solutions in NR. The proposals were as follows:
Proposal 1:	Define the following three representative scenarios for NR positioning evaluations: 
(1) Urban Macro (UMa); 
(2)	Urban Micro (UMi) – street canyon; and 
(3)	Indoor Office.
Proposal 2:	For the UMa and UMi scenarios, the fraction of indoor UEs is 50%. For the Indoor Office scenario, all UEs are considered indoors. Performance statistics (e.g., CDF of positioning error [7]) are collected separately for outdoor and indoor UEs.
Proposal 3:	For evaluation of positioning solutions, the (multipath) channel models in TR 38.901 are used for FR1 and FR2.
Proposal 4:	For comparison and evaluating baseline performance, a "static" simulation methodology is used. Mobile speeds are only accounted for in the time-evolution of the fast fading, and not for other potentially position-dependent channel parameters such as angles of arrival, path-loss, direction of the line-of-sight, etc, which remain fixed for each simulation drop/instance. 
Proposal 5: 	For the UE and BS heights, the models in TR 37.857 are used.
Proposal 6: 	Adopt the simulation scenarios and assumptions summarized in the Annex of this contribution. 
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Annex:
Simulation Scenarios and Assumptions

	
	UMa
	UMi-street canyon
	Indoor Office

	Cell layout
	Hexagonal grid, 19 macro sites, 3 sectors per site ISD = 500m
	Hexagonal grid, 19 micro sites, 3 sectors per site ISD = 200m
	120m x 50m x 3m floor
12 BSs per floor
ISD = 20 m
TR 38.901, Figure 7.2-1 

	Carrier Frequency
	4 GHz
	4 GHz, 30 GHz
	4 GHz, 30 GHz

	System Bandwidth per carrier
	100 MHz 

	100 MHz for 4 GHz
400 MHz for 30 GHz
	100 MHz for 4 GHz
400 MHz for 30 GHz

	Carrier number
	1
	1
	1

	Duplex
	FDD/TDD
	FDD/TDD
	FDD/TDD

	Subcarrier Spacing
	30 kHz

	4 GHz: 30 kHz
30 GHz: 120 kHz
	4 GHz: 30 kHz
30 GHz: 120 kHz

	BS antenna configurations
(M, N, P, Mg, Ng)

(NOTE 1)
	4 GHz: 	(8, 8, 2, 1, 1)
(dH, dV) = 	(0.5, 0.8)  
	4 GHz: 	(8, 8, 2, 1, 1)
(dH, dV) = 	(0.5, 0.8) 

30 GHz: 	(8, 32, 2, 1, 1)
(dH, dV) =	(0.5, 0.5)  
	4 GHz: 	(4, 4, 2, 1, 1)
(dH, dV) = 	(0.5, 0.5) 

30 GHz: 	(4, 8, 2, 1, 1)
(dH, dV) =	(0.5, 0.5)  

	BS Antenna Element Gain Pattern
	According to TR 38.901, Table 7.3-1
	According to TR 38.901, Table 7.3-1
	4 GHz:
Omnidirectional with 5 dBi gain (NOTE 2)
30 GHz:
According to TR 38.802, Table A.2.1-7, Ceiling mount

	BS TX Power
	4 GHz: 	49 dBm
30 GHz: 	35 dBm
	4 GHz: 	44 dBm
30 GHz: 	35 dBm
	24 dBm for all carrier frequencies

	BS Receiver Noise Figure
	4 GHz: 	5 dB
30 GHz: 	7 dB
	4 GHz: 	5 dB
30 GHz: 	7 dB
	4 GHz: 	5 dB
30 GHz: 	7 dB

	
BS antenna height 
	25m + α, where α~uniform[-5, 25] 
(NOTE 2)
	10m + β, where β~uniform[-5, 10]
(NOTE 2)
	3(nfl – 1) + 3 m,  where nfl{1,2,3,4}
(NOTE 2)

	Pathloss, shadow fading
	UMa (3D)
(NOTE 3)
	UMi (3D)
(NOTE 3)
	InH – Office (3D)
(NOTE 3, 4)

	Penetration Loss
	For outdoor UEs: 0 dB
For indoor UEs:
4 GHz:
20 dB + 0.5 d2D-in
(NOTE 5)
30 GHz:
50% low loss and 50% high loss
(NOTE 6)
	For outdoor UEs: 0 dB
For indoor UEs:
4 GHz:
20 dB + 0.5 d2D-in
(NOTE 5)
30 GHz:
50% low loss and 50% high loss
(NOTE 6)
	For indoor UEs on the same floor: 0dB
For indoor UEs on another floor: 
ITU InH 15+4(n-1) dB where n is the number of penetrated floors

(NOTE 2) 

	Fast fading/multipath channel (NOTE 1)
	UMa 

	UMi

	Indoor Office


	UE height
	For outdoor UEs: 1.5 m
For indoor UEs:
hUT=3(nfl – 1) + 1.5 m
nfl ~ uniform(1,8)
(NOTE 2)
	For outdoor UEs: 1.5 m
For indoor UEs:
hUT=3(nfl – 1) + 1.5 m
nfl ~ uniform(1,8)
(NOTE 2)
	hUT=3(nfl – 1) + 1.5 m,  
nfl ~ uniform(1,4)


(NOTE 2)

	UE dropping/distribution (horizontal)
	For outdoor UEs:
uniform in cell
For Indoor UEs:
uniform in cell
	For outdoor UEs:
uniform in cell
For Indoor UEs:
uniform in cell
	Uniform per floor

	Min. UE–BS 2D distance
(Refers to d2D for outdoor UEs and d2D-out for indoor UEs)
	35 m

	10 m

	0 m

	Indoor UE fraction
	50 %
	50 %
	100 %

	UE speed (horizontal)

	For outdoor UEs:
3 km/h, 120 km/h
For Indoor UEs:
3 km/h
	For outdoor UEs:
3 km/h, 50 km/h
For Indoor UEs:
3 km/h
	3 km/h

	UE antenna configurations
(M, N, P, Mg, Ng)

	4 GHz: 	(1, 2, 2, 1, 1), (dH, dV) = (0.5, 0.5) λ
30 GHz: 	(2, 2, 2, 1, 2); (dH, dV) = (0.5, 0.5) λ. (dH,g, dV,g) = (0, 0) λ.
			Θmg,ng=90°; Ω0,1=Ω0,0+180°

	UE Antenna Element Gain Pattern
	Table A.2.1-8 in TR 38.802 

	UE array orientation
	ΩUT, uniformly distributed on [0, 360] degree, ΩUT, = 0°, ΩUT, = 0° 

	UE TX Power
	23 dBm

	UE Receiver Noise Figure
	4 GHz: 	9 dB
30 GHz: 	13 dB

	Network synchronization
	Perfectly synchronized for baseline. 
The network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an BS and a timing reference source which is assumed to have perfect timing, subject to a largest timing difference of T2 ns, where T2 = 2*T1.
That is, the range of timing errors is [-T2, T2]
(NOTE 2)

	PHY/Link Level Abstraction
	No PHY/Link Level Abstraction. All positioning links are explicitely simulated, and the individual quantity (e.g., TOAs) are estimated. 

	Metrics
	Separately for outdoor and indoor UEs:
1) CDF of horizontal positioning error.
2) CDF of vertical positioning error (optional).
3) Latency (max. PHY measurement/processing time).
4) Success rate / availability (yield).

	NOTE 1: 	TR 38.901
NOTE 2: 	TR 37.857
NOTE 3: 	TR 38.901, Table 7.4.1-1; LOS probability Table 7.4.2-1.
NOTE 4: 	Indoor-Mixed-Office.
NOTE 5: 	TR 38.901, Table 7.4.3-3
NOTE 6: 	TR 38.901, Table 7.4.3-2
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