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1 Introduction

A new study item on “Study on NR positioning support” was approved in RAN#80 [1] and the purpose of NR positioning study in RAN1 is to identify the basic requirements for a variety of use cases and applicable scenarios and provide quantitative analyses and conclusions based on link/system level simulations, on the feasibility of potential positioning techniques. The basic simulation scenarios and assumptions have been agreed in [2] as follows and the detailed assumptions are shown in the Appendix. 
Agreement:
· The following evaluation scenarios are defined for NR positioning studies

· Scenario 1. Indoor Office for FR1 and FR2 (Open office and Mixed Office)

· Scenario 2. UMi street canyon for FR1 and FR2 (ISD 200m)

· Scenario 3. UMa (ISD 500m, TBD: ISD > 500m) for FR1 only (Macro cell only deployment scenario)

· FFS if other evaluation scenarios are introduced (e.g. IIoT)

· Note: Specific parameters of evaluation scenarios are to be finalized at the RAN1#94bis based on assumptions defined in 3GPP TRs 38.901 / 38.802 / 37.857
Agreement:
· At least CDFs of horizontal and vertical (vertical error not necessarily applicable to all solutions and/or scenarios) positioning errors are used as a performance metrics in NR positioning evaluations

· At least the following percentiles of positioning error are analyzed 50%, 67%, 80%, 90%

In this contribution, we discuss the remaining issues for NR positioning evaluation methodology and provide initial simulation results.
2 Remaining details on evaluation methodology
In this section, we present our views on the remaining details for evaluation methodology and discuss positioning reference signal patterns.
Detailed system level simulation assumptions have been agreed in last meeting [2]. However, these assumptions only covers deployment issues. It has been agreed that PHY/link level abstraction should not be applied and explicit simulation is needed for all links. In this regard, link level simulation assumptions should be further agreed in order to provide fair comparison between companies’ results and the following table can be considered for OTDOA.

Table-1 Link level assumptions for OTDOA

	Parameter 
	Value

	Duplex Modes
	FDD

	Cyclic Prefix
	Normal

	DRX
	OFF

	Number of consecutive positioning sub-frames in one occasion
	1

	PRS and measurement bandwidth: 
	Full system bandwidth

	PDSCH transmission
	No PDSCH transmission in PRS transmission occasions


In addition, default PRS pattern should be defined. Both LTE PRS and NR CSI-RS/TRS can be considered and the density of CSI-RS/TRS is lower than LTE PRS. Positioning accuracy depends on available bandwidth for positioning. In FR1, the available bandwidth for positioning is not always large especially considering the IoT devices. In such a case, in order to achieve the required positioning accuracy, the density of positioning reference signals should be relatively high. On the contrary, available bandwidth for positioning in FR2 is normally quite large and thus lower density positioning reference signal can be considered. In this regard, LTE PRS pattern can be used as a baseline for FR1 and CSI-RS/TRS can also be used as baseline for FR2.

LTE PRS is not occupying every subcarrier due to the existence of CRS. However, in NR, there is no CRS and using the same pattern as LTE causes the situation that some subcarriers are without PRS. It could lead to large side correlation peaks as shown in the below figure, which may potentially degrade positioning accuracy significantly.
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Fig. 1 Side correlation peaks
In this regard, LTE PRS should be modified to ensure every subcarrier carries PRS as shown in the below figure. It should be noted that the number of symbols with PRS should be flexible but at least 6 symbols are needed to avoid the side correlation peak problem mentioned above.
[image: image2.emf]
Fig. 2 Default PRS pattern for FR1

Observation: Additional link level simulation assumptions, e.g., default PRS pattern, PRS repetition, etc., should be defined since link level abstraction is not applicable.
Proposal: Support the following baseline for FR1 and FR2:

  - FR1: LTE PRS

  - FR2: TRS  

  - Note: Baseline PRS is assumed to be configured to each subcarrier within one RB to avoid large side correlation peaks.  

3 Simulation results
In this section, we present our simulation results as well as the observations and proposals based on these results.
3.1 UMa
For UMa Scenario, both indoor and outdoor UEs should be considered. The simulation results are shown in Fig. 3 and Table-1 and 2. 
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Fig. 3 Horizontal Positioning Error for UMa scenario 
Table-1: Positioning accuracy of OTDOA for outdoor UEs.

	Positioning percentage
	90%
	80%
	67%
	50%

	Positioning error
	31 m
	23 m
	17.1 m
	10 m


Table-2: Positioning accuracy of OTDOA for indoor UEs.

	Positioning percentage
	90%
	80%
	67%
	50%

	Positioning error
	66.2 m
	41.1 m
	26.4 m
	16.2 m


It has been agreed that for regulatory use cases, the horizontal positioning error should be smaller or equal to 50m for 80% of UEs and based on the simulation results, such requirement can be achieved by OTDOA.
3.2 UMi

For UMi Scenario, only outdoor UEs should be considered. The simulation results are shown in Fig. 4 and Table-3.
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Fig. 4 Horizontal Positioning Error for UMi scenario 
Table-3: Positioning accuracy of OTDOA for outdoor UEs.

	Positioning percentage
	90%
	80%
	67%
	50%

	Positioning error
	9.1 m
	6.3 m
	4.2 m
	2.9 m


For commercial use cases, the horizontal positioning error should be smaller or equal to 10 m for 80% of outdoor UEs and based on the simulation results, such requirement can be achieved by OTDOA.

3.3 InH

For InH Scenario, only indoor UEs should be considered. The simulation results are shown in Fig. 5 and Table-4.
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Fig. 5 Horizontal Positioning Error for UMi scenario 
Table-4: Positioning accuracy of OTDOA for indoor UEs.

	Positioning percentage
	90%
	80%
	67%
	50%

	Positioning error
	4.8 m
	1.5 m
	1 m
	0.6 m


For commercial use cases, the horizontal positioning error should be smaller or equal to 3m for 80% of indoor UEs and based on the simulation results, such requirement can be achieved by OTDOA.

4 Conclusions 

In this contribution, we discuss the remaining issues on evaluation methodology provided simulation initial results. Our observations and proposals are summarized below.

Observation 1: Additional link level simulation assumptions, e.g., default PRS pattern, PRS repetition, etc., should be defined since link level abstraction is not applicable.
Proposal: Support the following baseline for FR1 and FR2:

  - FR1: LTE PRS

  - FR2: TRS  

  - Note: Baseline PRS is assumed to be configured to each subcarrier within one RB to avoid large side correlation peaks.  

Appendix
· Common parameters
Table 1: Parameters common for all evaluation scenarios

	Parameters
	FR1 Specific Values
	FR2 Specific Values

	System parameters
	
	

	Carrier Frequency, GHz
	4 GHz, 2GHz 
[TR 38.802]
	30 GHz
[TR 38.802]

	Bandwidth, MHz
	5MHz, 100 and 50MHz for 4 and 2 GHz respectively
	100, 400 MHz

	Subcarrier spacing, kHz
	15 kHz (for 5 and 50 MHz), 30kHz (for 100 MHz)
	120 kHz

	gNB model parameters
	
	

	gNB Noise Figure, dB
	5dB
	7dB

	UE model parameters
	
	

	UE Max. TX Power, dBm
	23dBm [TR 38.802]
	23dBm [TR 38.802],
EIRP should not exceed 43 dBm (*)

	UE Noise Figure, dB
	9dB [TR 38.802]
	13dB [TR 38.802]

	UE Antenna Configuration
	Panel model 1 [TR 38.802], 
Mg = 1, Ng = 1, P = 2, dH = 0.5λ, 
(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1)
	Baseline: Multi-panel Configuration 1 and Panel Configuration a [TR 38.802]

· Multi-panel Configuration 1: (Mg, Ng) = (1, 2); Θmg,ng=90°; Ω0,1=Ω0,0+180°; (dg,H, dg,V)=(0,0)

· Panel Configuration a:

· - Each antenna array has shape dH=dV=0.5λ

· - Config a: (M, N, P) = (2, 4, 2), 
the polarization angles are 0° and 90°

· - The antenna elements of the same polarization of the same panel is virtualized into one TXRU

· Optional: Provided by company

	UE Antenna
Radiation Pattern
	Omni, 0dBi
	Antenna model in Table 2

	PHY/Link Level abstraction
	Explicit simulation of all links, individual parameters estimation is applied. Companies to provide description of applied algorithms for estimation of signal location parameters. For future study whether a common algorithm is to be agreed upon.

	Network Synchronization assumption
	Network synchronization error. Network sync error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an gNB and a timing reference source which is assumed to have perfect timing, subject to a largest timing  difference of T2 ns, the range of timing errors is [-T2, T2], T2 = 2*T1.

T1 = 0 (perfectly synchronized) and T1 =50 ns are evaluated


Table 2: UE antenna radiation pattern model 1 (FR2) (same as Table A.2.1-8 in TR 38.802)
	Parameter
	Values

	Antenna element radiation pattern in [image: image7.png]
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	Antenna element radiation pattern in [image: image10.png]
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	5dBi
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· Indoor parameters
Summary of Evaluation Parameters for Indoor Office Scenario applicable at least for 4 GHz

	Parameters
	FR1 Specific Values
	FR2 Specific Values

	gNB model parameters
	
	

	Total gNB TX Power, dBm
	24dBm
	24 dBm, EIRP should not exceed 58 dBm

	gNB Antenna Configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ, [TR 38.802]
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH = dV = 0.5 λ, [TR 38.802]
One TXRU per polarization per panel is assumed

	gNB Antenna Radiation Pattern
	Single sector [TR 38.802]
	3-sector antenna configuration [TR 38.802]



	Propagation characteristics
	
	

	Channel Model
	According to 3GPP TR 38.901
(Indoor Open Office)
	According to 3GPP TR 38.901
(Indoor Open Office)

	Penetration Loss
	0dB
	0dB

	Layout considerations
	
	

	Layout
	Indoor floor: (12BSs per 120m x 50m), TRP number per floor:12, [TR 38.901] Inter-gNB distance = 20m
	Indoor floor: (12BSs per 120m x 50m), TRP number per floor:12, [TR 38.901] Inter-gNB distance = 20m

	Number of floors,

(floor height)
	1

	UE drop procedure
	100% indoor, uniformly distributed over the horizontal area

	UE mobility
	3 km/h

	UE antenna height
	1.5m

	Min. gNB - UE distance (2D), m
	0m

	gNB antenna height
	3m


· UMi street canyon parameters 
Table 1: Summary of Evaluation Parameters for UMi Street Canyon Scenario

	Parameters
	FR1 Specific Values
	FR2 Specific Values

	gNB model parameters
	
	

	Total gNB TX Power, dBm
	44 dBm
	37 dBm per panel, EIRP should not exceed 73 dBm



	gNB Antenna Configuration
	 (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (dH, dV) = (0.5, 0.8)λ, [TR 38.802]
	 (M, N, P, Mg, Ng) = (4, 8, 2, 2, 2), (dH, dV) = (0.5, 0.5)λ, (dg,H,dg,V) = (4.0, 2.0)λ, [TR 38.802]

	gNB Antenna Radiation Pattern
	Directional, 8dBi [TR 38.802], Please refer to Table X
	Directional, 8dBi [TR 38.802], Please refer to Table X

	Propagation characteristics
	
	

	Channel Model
	According to 3GPP TR 38.901
(UMi Street Canyon)
	According to 3GPP TR 38.901
(UMi Street Canyon)

	Penetration Loss
	For outdoor UEs: 0 dB, 

	For outdoor UEs: 0 dB, 


	Layout considerations
	
	

	Layout
	Hexagonal grid, 19 or 7 macro sites, 3 sectors per site, ISD = 200m, [TR 38.802] Wrap-around is applied

Note: in case if interference considerations are not properly taken into account for 7 sites companies are encouraged to provide results for 19 sites
	Hexagonal grid, 19 or 7 macro sites, 3 sectors per site, ISD = 200m, [TR 38.802], Wrap-around is applied

Note: in case if interference considerations are not properly taken into account for 7 sites companies are encouraged to provide results for 19 sites

	Number of floors,

(floor height)
	All users are on the ground

	UE drop procedure
	100% outdoor uniformly distributed over the horizontal area
	100% outdoor uniformly distributed over the horizontal area

	UE mobility
	Outdoor: 3km/h

Only for modelling of Doppler effects
	Outdoor: 3km/h

Only for modelling of Doppler effects

	UE antenna height
	1.5 m

	Min. gNB - UE distance (2D), m
	10 m

	gNB antenna height
	10 m by default. Companies can bring results with uniform distribution [5-20]m

Default assumption can be revisited if benefits from using uniform distribution is shown


Table X: 3-Sector BS antenna radiation pattern (same as Table A.2.1-6: in TR 38.802)

	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	8dBi


· UMa parameters 
Table: Summary of Evaluation Parameters for UMa Scenario

	Parameters
	FR1 Specific Values

	gNB model parameters
	

	Total gNB TX Power, dBm
	 49 dBm

	gNB Antenna Configuration
	 (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1),  (dH, dV) = (0.5, 0.8)λ, [TR 38.802]
Apllicable for 2GHz and 4 GHz carrier frequency. Could be reconsidered for 2GHz

	gNB Antenna Radiation Pattern
	 Directional, 8dBi [TR 38.802], Please refer to Table X

	Propagation characteristics
	

	Channel Model
	 According to 3GPP TR 38.901 (UMa scenario)

	Penetration Loss
	For outdoor UEs: 0 dB, 
For indoor UEs: 20 dB + 0.5 d2D-in, [TR 38.901]

	Layout considerations
	

	Layout
	 Hexagonal grid, 19 or 7 macro sites, 3 sectors per site, ISD = 500m, [TR 38.802] Wrap-around is applied
Note: in case if interference considerations are not properly taken into account for 7 sites companies are encouraged to provide results for 19 sites

	Number of floors,

(floor height)
	 8, (3m), [TR 37.857]

	UE drop procedure
	 50% indoor and 50% outdoor uniformly distributed over the horizontal area (separate statistic)


	UE mobility (for modelling Doppler effects)
	 Indoor: 3km/h / Outdoor: 60km/h

	UE antenna height
	 1.5 m [TR 37.857]

	Min. gNB - UE distance (2D), m
	 35m [TR 37.857]

	gNB antenna height
	Uniformly distributed [20-50] m
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