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Introduction
At the RAN#80 WG meeting, the study item on NR Positioning was approved [1] and slightly revised at RAN#81 [2]. One of the study item objectives is to evaluate potential solutions for NR Positioning in a representative number of evaluation scenarios including indoor and outdoor scenarios.
	Objective:
Study and evaluate potential solutions of positioning technologies based on the above identified requirements, evaluation scenarios/methodologies [RAN1]
· The solutions should include at least NR-based RAT dependent positioning to operate in both FR1 and FR2 whereas other positioning technologies are not precluded.
· Minimum bandwidth target (e.g. 5MHz) of NR with scalability is supported towards general extension for any applications.


In this contribution, we provide preliminary evaluation results for Indoor Open Office scenario using Downlink TDOA technique as an NR positioning solution. Our views on other aspects of NR positioning study are provided in companion contributions [6]-[8].
Evaluation Scenario
Considering clear guidance in SID objectives to define one scenario representing indoor, one scenario representing outdoor and one macro deployment scenario from TR37.857 for FR1, we propose to define the following free scenarios for NR positioning evaluations:
Scenario 1. Indoor Office Scenario (refer to 3GPP TR 38.901 and 3GPP TR 38.802)
· This scenarios covers indoor UEs served by gNBs deployed indoor
Scenario 2. UMi Street Canyon Scenario (refer to 3GPP TR 38.901 and 3GPP TR 38.802)
· This scenarios covers indoor and outdoor UEs served by gNBs deployed outdoor
Scenario 3. Macro-cell only deployment (ISD 500m) - TR 37.857 (Case 1 w/o small cells) for FR1 only
· This scenario covers indoor and outdoor UEs served by gNBs deployed outdoor
In this contribution, we provide preliminary analysis of the potential NR positioning performance in Scenario 1 consider operation in FR1 and FR2 frequency bands.
Overview of the Evaluated NR Positioning Techniques
For initial evaluation of NR positioning performance in Indoor Open Office scenario, we have used Downlink TDOA based location algorithm. For evaluations, we have used two algorithms for first arrival path timing estimation of PRS signals. TRPs are perfectly synchronized. For simplicity of analysis, we assume that all TRPs transmit on orthogonal in time resources and one OFDM symbol is utilized for PRS transmission per TX beam/per TRP.
The analysis is done for both FR1 (4GHz) and FR2 (30GHz) frequency bands using the following algorithms for timing estimation:
Practical timing estimation of the first arrival path based on adaptive threshold – basic timing estimation
Super-resolution algorithm for timing estimation – MUSIC algorithm
For FR1, the following system settings were used:
PRS BW 20 MHz, 30 kHz SCS, 1024 FFT size, one OFDM symbol for transmission, randomly generated PRS sequence. No TX and RX beamforming were applied at TRP and UE sides respectively.
For FR2, the following system settings were used:
200 MHz PRS BW, 120 kHz SCS, 2048 FFT size, one OFDM symbol for transmission, randomly generated PRS sequence. The TX beam sweeping was applied with 8 analogue DFT pre-coders in horizontal plane. One PRS symbol was used for each TX beam transmission. The first arrival path measurements were carried out for each TX beam. The first arrival path timing across all TX beams was used for RSTD calculation and OTDOA based positioning. 

System Level Evaluation Results
In this section, we provide system level evaluation results analysing horizontal positioning error in Indoor Open Office scenario. The results of system level evaluation are shown in Figure 1.
[image: ]
[bookmark: _Ref525230365]Figure 1: OTDOA performance in Indoor Office for FR1 and FR2

Based on the presented system level evaluation results in considered scenario, we draw the following observations:
 
NR Positioning performance utilizing super-resolution algorithms for timing measurements can significantly improve performance for FR1 frequency band with limited amount of spectrum allocated for transmission of PRS signals and can be enabled through reporting of received waveform
Comparing NR positioning performance in FR1 and FR2 in case of basic timing estimation algorithms, the much more accurate positioning can be achieved for PRS transmissions in FR2 due to much wider bandwidth 
Conclusions
In this contribution, we provided initial results to check potential NR positioning performance in one of the candidate scenarios for NR positioning evaluation – Indoor Open Office. Our preliminary study shows that accurate positioning performance (sub-meter accuracy) can be achieved using NR RAT dependent positioning techniques.
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Annex – A: System Level Evaluation Assumptions
Scenario 1 – Indoor Office Scenario
In this section, we provide evaluation assumptions used for NR positioning in Indoor Open Office scenario.
Table 1: Summary of Evaluation Parameters for Indoor Office Scenario
	Parameters
	FR1 Specific Values
	FR2 Specific Values

	System parameters
	
	

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

	Bandwidth, MHz
	20MHz,
	200MHz

	Subcarrier spacing, kHz
	30kHz
	120kHz

	gNB model parameters
	
	

	gNB TX Power, dBm
	24dBm for 20MHz
TX Power is scaled according to the simulation bandwidth
	23 dBm for 100MHz BW
TX Power is scaled according to the simulation bandwidth
EIRP should not exceed 58 dBm

	gNB Noise Figure, dB
	5dB [TR 38.802]
	7dB [TR 38.802]

	gNB Antenna Configuration
	Baseline: [TR 38.802]
(M, N, P, Mg, Ng) = (1, 1, 2, 1, 1)
dH = dV = 0.5 λ
	Baseline: [TR 38.802]
(M, N, P, Mg, Ng) = (1, 1, 2, 1, 1)
dH = dV = 0.5 λ

	gNB Antenna Radiation Pattern
	Single sector [TR 38.802]
Please refer to Table 2 
	3-sector [TR 38.802]
Please refer to Table 2

	UE model parameters
	
	

	UE 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]
	10dB (high performance) [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, 1, 2, 1, 1)
	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) = (1, 1, 2), 
the polarization angles are 0° and 90°
- The antenna elements of the same polarization of the same panel is virtualized into one TXRU

	UE Antenna
Radiation Pattern
	Omni, 0dBi [TR 38.802]
	Please refer to Table 3 [TR 38.802]

	Propagation characteristics
	
	

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

	Layout considerations
	
	

	Layout
	Indoor floor: (12BSs per 120m x 50m)
Candidate TRP numbers: 6, 12
[TR 38.802]
	Same

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

	UE mobility
	3km/h
	Same

	UE antenna height
	[bookmark: _GoBack]1.5m
	Same

	UE antenna orientation
	
	Elevation: 
Uniformly distributed Θmg,ng = [0°,180°];
Azimuth: 
Uniformly distributed Ω0,0 = [-180°, 180°], Ω0,1=Ω0,0+180°;
Notes: the polarization angles are 0° and 90°
Notes: introduce (Ωmg,ng, Θmg,ng) for orientation of the panel (mg, ng), 0≤mg<Mg, 0≤ng<Ng, where the orientation of the first panel (Ω0,0, Θ0,0) is the same as UE orientation, Ωmg,ng is the array bearing angle and Θmg,ng is the array downtilt angle defined in [TR 36.873].

	Inter-gNB distance
	20m
	Same

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

	gNB, electronic tilt
	0
	20

	gNB antenna height
	3 m [TR 38.802]
	

	gNB Synchronization Assumptions
	
	

	Network synchronization error
	Baseline: Perfectly synchronized.
	



[bookmark: _Ref525049700]Table 2: Indoor BS antenna radiation pattern (same as Table A.2.1-7 in TR 38.802)
	Parameter
	Values

	Single sector
(FR1)
	Antenna element vertical radiation pattern (dB)
	


	
	Antenna element horizontal radiation pattern (dB)
	


	
	Combining method for 3D antenna element pattern (dB)
	


	
	Maximum directional gain of an antenna element GE,max
	5dBi

	3-sector (FR2)
	Antenna element vertical radiation pattern (dB)
	


	
	Antenna element horizontal radiation pattern (dB)
	


	
	Combining method for 3D antenna element pattern (dB)
	


	
	Maximum directional gain of an antenna element GE,max
	8dBi

	
	Electric tilting
	110 degree



[bookmark: _Ref525049497][bookmark: _Ref525049492]Table 3: UE antenna radiation pattern model 1 in FR2 (same as Table A.2.1-8 in TR 38.802)
	Parameter
	Values

	Antenna element radiation pattern in  dim (dB)
	


	Antenna element radiation pattern in  dim (dB)
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	5dBi



Note: are in local coordinate system.
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