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Introduction
At the RAN1#94bis the following agreements were made with respect to NR Positioning Evaluation scenarios 
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
In this document, we continue discussion on further details of NR positioning evaluation assumptions.

Performance Requirements
Background
According to SID RAN1 is tasked to “Select the requirements, and study corresponding evaluation scenarios/methodologies to enable positioning in regulatory and commercial use cases”.
RAN1 made the following agreement at RAN1 #94bis:
Agreement:
Regulatory requirements are considered as a minimum performance targets for NR Positioning studies
Additional requirements based on commercial use cases can be used as input performance targets that are subject to further analysis in terms of performance / complexity tradeoffs in different evaluation scenarios

In the next section, selected requirements for NR positioning are proposed based on the offline discussion outcome.

Outcome of Offline Discussion on Performance Requirements
Offline Consensus- Agreement
For regulatory use cases, the following requirements are considered as a minimum performance targets for NR positioning
· Horizontal positioning error < 50m for 80% of UEs
· Vertical positioning error [< 5 m] for [80%] of UEs
· End to end latency and TTFF < 30 seconds
As a starting point for commercial use cases, the following requirements are considered as performance targets for RAT dependent solutions, which are subject to further analysis in terms of performance / complexity tradeoffs of NR positioning radio-layer solutions
· Horizontal positioning error < [3]m for [80]% of UEs in indoor deployment scenarios
· Horizontal positioning error < [10]m for [80]% of UEs in outdoor deployments scenarios
· Vertical positioning error < [3]m for [80]% of UEs in indoor deployment scenarios
· Vertical positioning error < [3]m for [80]% of UEs in outdoor deployment scenarios
· End to end latency < [1]s
Note: This does not eliminate more or less demanding commercial use cases.
RAN1 to check and use numbers from CTIA for vertical positioning in case of regulatory use cases

Performance Metrics
Offline Consensus - Agreement
At least CDFs of horizontal and vertical (optional) 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%
Latency, UE power consumption, scalability/capacity, availability, UE and gNB complexity can be considered as important design factors for NR positioning solutions and can be evaluated analytically for proposed solutions
Note: one company has concern on having vertical positioning as an optional performance metric

Scenario Independent Parameters
In this section, we provide summary of parameters that are common to all NR Positioning evaluation scenarios (please refer to Table 1).
[bookmark: _Ref525300239]Table 1: Parameters common for all evaluation scenarios
	Parameters
	FR1 Specific Values
	FR2 Specific Values

	System parameters
	
	

	Carrier Frequency, GHz
	4 GHz(baseline), 2GHz (optional) 
[TR 38.802]
	30 GHz
[TR 38.802]

	Bandwidth, MHz
	5MHz, 100MHz
	100, 400 MHz

	Subcarrier spacing, kHz
	15 kHz, 30kHz
	120 kHz

	gNB model parameters
	
	

	gNB Noise Figure, dB
	5dB
	7dB

	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]
	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

	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


[bookmark: _Ref525300358]
[bookmark: _Ref526877956]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  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.



Offline Consensus – Agreement
Common parameters provided in Table 1 and Table 2 are agreed for NR Positioning evaluations and captured in the 3GPP TR 38.855

Scenario 1 – Indoor Office Scenario
In this section, we propose additional evaluation assumptions to be used for NR positioning Scenario 1 re-using parameters of indoor office scenario in 3GPP TR 38.901 and 3GPP TR 38.802.
[bookmark: _Ref526827818]Table 3: Summary of Evaluation Parameters for Indoor Office Scenario
	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], Please refer to Table 4
	· Intel, Nokia:
· 3-sector [TR 38.802], Please refer to Table 4
· QC, MTK:
· Ceiling mount, [TR 38.802], Please refer to Table 4
· Ericsson
· 

For low-power node: 
2D as baseline and 3D as optional
Horizontal plane: omnidirectional.
Vertical plane:

 = 40 degrees,  SLAv = 20 dB, [TR 36.819 - Coordinated multi-point operation]
Antenna gain – 17 dBi
· HW
· Wall mounted at the corner

Proposal for discussion
· 3-sector antenna configuration [TR 38.802], Please refer to Table 4


	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



Offline Consensus - Agreement
Indoor Office parameters captured in Table 3 are agreed for NR positioning evaluations and captured in the 3GPP TR 38.855
Note: companies are not precluded to provide analysis for additional scenarios of interest


Conclusions
In this contribution, we provided summary of offline discussion on NR positioning evaluation assumptions. We propose to endorse outcome of the offline discussion by RAN1 WG.
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Annex – A: NR System Level Evaluation Assumptions
The following Table is defined in 3GPP TR 38.802 was used as a baseline for NR system level evaluations.
[bookmark: _Ref525049700]Table 4: Indoor BS antenna radiation pattern for above 6GHz (same as Table A.2.1-7 in TR 38.802)
	Parameter
	Values

	Single sector
	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
	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

	Wall-mount
	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

	Ceiling-mounts2
	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

	
	Electric tilting
	


[bookmark: _GoBack]
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