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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 objectives of the NR Positioning study item is to define evaluation assumptions for NR positioning studies.
	Objective:
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


In this contribution, we discuss various aspects of evaluation methodology for 3GPP NR positioning studies, while our views on requirements and design considerations are provided in companion contributions [6]-[8].
Scenarios for NR Positioning Evaluation
In our view, scenarios for NR positioning studies at large extent should reuse evaluation scenarios for NR communication framework. 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


Use the following set of evaluation scenarios to be used as a baseline for NR positioning studies
Scenario 1. Indoor Office Scenario (as defined in the 3GPP TR 38.901 and in the 3GPP TR 38.802)
Scenario 2. UMi Street Canyon Scenario (as defined in the 3GPP TR 38.901 and in the 3GPP TR 38.802)
Scenario 3. Macro-cell only deployment (ISD 500m) - TR 37.857 (Case 1 w/o small cells) for FR1 only
Further discuss specific details of the proposed baseline scenarios for NR positioning studies

In the next section, we provide evaluation assumptions and parameters specific for each proposed NR positioning evaluation scenario.
Definition of NR Positioning Evaluation Scenarios
Scenario Independent Parameters
In this section, we system level parameters that are independent/common across evaluation scenarios. In particular, we propose major system parameters like carrier frequency and bandwidth. Beside that we assume that common UE parameters can be used in all evaluation scenarios. The proposed parameters are reused from [10] and summarized in 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 [TR 38.802]
	30 GHz [TR 38.802]

	Bandwidth, MHz
	20MHz, 100MHz
	200MHz, 400MHz

	Subcarrier spacing, kHz
	15kHz, 30kHz
	60kHz, 120kHz

	gNB model parameters
	
	

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

	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 (baseline) [TR 38.802]
10dB (high performance) [TR 38.802]

	UE Antenna Configuration
	Baseline: 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)

Optional: Provided by company
	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
	Baseline: Omni, 0dBi [TR 38.802]

Optional: Provided by company
	Baseline: Please refer to Table 2 

Optional: Provided by company


[bookmark: _Ref525300358]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.



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 [3]-[4].
Table 3: Summary of Evaluation Parameters for Indoor Office Scenario
	Parameters
	FR1 Specific Values
	FR2 Specific Values

	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]

	Number of gNB antenna elements across all panels
	4GHz: Up to 256 Tx /Rx antenna elements
Note: Same as TR38.913
	30GHz: Up to 256 Tx /Rx antenna elements
Note: Same as TR38.913

	gNB Antenna Configuration
	Baseline: [TR 38.802]
(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1)
dH = dV = 0.5 λ
Optional: Provided by company
	Baseline: [TR 38.802]
(M, N, P, Mg, Ng) = (8, 16, 2, 1, 1)
dH = dV = 0.5 λ
Optional: Provided by company

	gNB Antenna Radiation Pattern
	Baseline: Single sector [TR 38.802]
Please refer to Table 8 
Optional: Provided by company
	Baseline: 3-sector [TR 38.802]
Please refer to Table 8
Optional: Provided by company

	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
	Baseline: 100% indoor, uniformly distributed over the horizontal area
Optional: Provided by company
	Same

	UE mobility
	Baseline: 3km/h
Optional: Provided by company
	Same

	UE antenna height
	1m
	Same

	UE antenna orientation
	
	Baseline: 
Elevation: Downselect Option 1 or Option 2
Option 1: Uniformly distributed Θmg,ng = [0°,180°];
Option 2: Θmg,ng = 90°;
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].

Optional: Provided by company


	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.

Optional:
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, where T2 = 2*T1
–	That is, the range of timing errors is 
[-T2, T2]
–	T1: Default: 10 and 50ns
–	Each individual company can further pick other values
	




Scenario 2 – UMi Street Canyon Scenario
In this section, we propose evaluation assumptions to be used for NR positioning Scenario 2 re-using parameters of UMi street canyon scenario defined in [3]-[4].
Table 4: Summary of Evaluation Parameters for UMi Street Canyon Scenario
	Parameters
	FR1 Specific Values
	FR2 Specific Values

	gNB model parameters
	
	

	gNB TX Power, dBm
	44dBm for 20MHz
TX Power is scaled according to the simulation bandwidth
	40 dBm for 100MHz BW
TX Power is scaled according to the simulation bandwidth

EIRP should not exceed 73 dBm

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

	Number of gNB antenna elements across all panels
	4GHz: Up to 256 Tx /Rx antenna elements
Note: Same as TR38.913
	30GHz: Up to 256 Tx /Rx antenna elements
Note: Same as TR38.913

	gNB Antenna Configuration
	Baseline: [TR 38.802]
(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1)
 (dH, dV) = (0.5, 0.8)λ
	Baseline: [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

	gNB Antenna Radiation Pattern
	Baseline:
Directional, 8dBi [TR 38.802]
Please refer to Table 7
	Same

	Propagation characteristics
	
	

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

	Layout considerations
	
	

	Layout
	Baseline:
Hexagonal grid, 19 macro sites, 
3 sectors per site, ISD = 200m
[TR 38.802]
Optional: Provided by company
	Same

	UE drop procedure
	Baseline: 80% indoor and 20% outdoor uniformly distributed over the horizontal area
Optional: Provided by company
	Same 

	UE mobility
	Baseline: Indoor: 3km/h, Outdoor: 3km/h
Optional: Provided by company
	Same

	UE antenna height
	1m
	Same

	UE antenna orientation
	
	Baseline:
Elevation: Downselect Option 1 or Option 2
Option 1: Uniformly distributed 
Θmg,ng = [0°,180°];
Option 2: Θmg,ng = 90°;
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].

Optional: 
Provided by company

	Inter-gNB distance
	Baseline: 200m [TR 38.802]
Optional: 100m
	Same

	Min. gNB - UE distance (2D), m
	10 [TR 38.901]
	Same

	gNB, electronic tilt
	12
	12

	gNB antenna height
	Baseline: 
Uniformly distributed [10-25]m

Optional: Provided by company
	Same

	gNB Synchronization Assumptions
	
	

	
	Baseline:
Perfectly synchronized.

Optional:
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, where T2 = 2*T1
–	That is, the range of timing errors is 
[-T2, T2]
–	T1: Default: 10 and 50ns
–	Each individual company can further pick other values
	Same





Scenario 3 – UMa Scenario
In this section, we propose evaluation assumptions to be used for NR positioning Scenario 3 re-using assumption of Macro-cell only deployment (ISD 500m) defined in [5] (refer to Case 1 w/o small cells) and reusing UE, gNB and system specific parameters from [4].
[bookmark: _Ref525303560]Table 5: Summary of Evaluation Parameters for UMa Scenario
	Parameters
	FR1 Specific Values
	FR2 Specific Values

	gNB model parameters
	
	

	gNB TX Power, dBm
	49dBm for 20 MHz
TX Power is scaled according to the simulation bandwidth 


	43dBm for 100MHz
TX Power is scaled according to the simulation bandwidth 

EIRP should not exceed 78 dBm

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

	Number of gNB antenna elements across all panels
	4GHz: Up to 256 Tx /Rx antenna elements
Note: Same as TR38.913
	30GHz: Up to 256 Tx /Rx antenna elements
Note: Same as TR38.913

	gNB Antenna Configuration
	Baseline: [TR 38.802]
(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1)
 (dH, dV) = (0.5, 0.8)λ

Optional: Provided by company
	Baseline: [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
Optional: Provided by company

	gNB Antenna Radiation Pattern
	
Baseline: Directional, 8dBi [TR 38.802]
Please refer to Table 7

Optional: Provided by company
	Same

	Propagation characteristics
	
	

	Channel Model
	3D-UMa
[referring to Table 7.3-6 in TR36.873] 
	According to 3GPP TR 38.901 (UMa Scenario)

	Layout considerations
	
	

	Layout
	Hexagonal grid, 19 macro sites, 
3 sectors per site, ISD = 500m
[TR 37.857]
	Same

	UE drop procedure
	Baseline: 80% indoor and 20% outdoor 
Optional: Provided by company
	Same 

	UE mobility
	Baseline: Indoor: 3km/h / Outdoor: 3km/h
Optional: Provided by company
	Same

	UE antenna height
	hUT=3(nfl – 1) + 1.5 m [TR 37.857]
where, nfl ~ uniform(1,Nfl) and Nfl = 8
	Same

	UE antenna orientation
	
	Baseline:
Elevation: Downselect Option 1 or Option 2
Option 1: Uniformly distributed
Θmg,ng = [0°,180°];
Option 2: Θmg,ng = 90°;
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].

Optional: Provided by company

	Inter-gNB distance
	Baseline: 500m [TR 37.857]
	Same

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

	gNB, electronic tilt
	12
	12

	gNB antenna height
	Uniformly distributed [20-50] m [TR 38.802]
	Same

	Synchronization Assumptions
	
	

	Network synchronization error
	Baseline:
Perfectly synchronized.

Optional:
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, where T2 = 2*T1
–	That is, the range of timing errors is 
[-T2, T2]
–	T1: Default: 10 and 50ns
–	Each individual company can further pick other values
	



Additional Channel Model Considerations
Given that AoA and AoD may be considered as a potential information to be used in NR positioning design options RAN1 need to decide how to interpret angles of departure and angles of arrival in NLOS channel models. In NLOS model there is no LOS path (K-Factor) defined and angles for the first arrival path are not aligned with the LOS direction between gNB and UE.
Summary
In previous sub-sections, we have proposed system level evaluation assumptions for three NR Positioning evaluation scenarios. In order to summarize discussions in the previous sections, we have following proposals for NR positioning evaluation scenarios:

 
For NR positioning system level evaluations, adopt scenarios and parameters defined in Table 1-Table 5 of this document
For NLOS channel model, enforce the first cluster to the LOS direction ϕLOS, AOA and θLOS,ZOA similar to LOS case

Link Level Evaluation Assumptions
Beside system level evaluations, RAN1 may need to conduct link level evaluations in order to analyze accuracy for estimation of signal location parameters (e.g. time of arrival, angles of departure/arrival, power, etc.). In this section, we express our views and propose link level evaluation assumptions for NR positioning study item. In general, majority of the assumptions proposed for system level study can be reused and only channel model parameters for link level studies need to be discussed.
[bookmark: _Ref525630020]Table 6: Link level evaluation assumptions for NR positioning studies
	Channel model
	Channel Model Type: 
· CDL-A/B/C/D/E models
	Possible DS values
· {30, 100, 300} ns
ASA, ASD, ZSA, ZSD 
· follow the values in sec 7.7.1 in TR 38.901 
Angles of TRP
· AoD, ZoD, are uniformly distributed within [-60, 60] degrees in azimuth domain and [90, 135] degrees in zenith domain, via applying uniform-distribution desired mean angle in subclause 7.7.5.1 in TR 38.901 accordingly.
Angles of UE
· AoA, ZoA, are uniformly distributed within [-180, 180] degrees in azimuth domain and [45, 90] in zenith domain, via applying uniform-distribution desired mean angle in subclause 7.7.5.1 in TR 38.901 accordingly.

	Performance metric
	CDF of signal location parameter estimation error vs SNR




Reuse system level assumptions for link level evaluation except channel modelling
Agree on channel model parameters and performance metrics for NR positioning link level studies provided in Table 6

Performance Metrics
In this section, we discuss performance metrics to be used for NR positioning studies. As it was discussed in [6], the following metrics should be considered in NR positioning evaluations:
Positioning accuracy – primary metric for NR positioning studies
· Horizontal and vertical positioning error should be separately analyzed for indoor and outdoor UEs in all scenarios, where applicable
Latency
· Various latency targets are mandated by different applications. The radio-layer latency can be calculated analytically. The end-to-end latency can be analyzed in RAN2. 
UE power consumption
· RAN1 should strive to minimize UE power consumption at least for commercial use cases. In general, this metric is not easy to evaluate due to vendor specific UE power consumption models. For the purpose of evaluation, relative UE power consumption models similar to those used in sidelink studies can be considered and used for analytical calculation of UE power savings of different options.
Scalability
· Capability to support location for massive number of UEs can be analytically evaluated without a need for system level evaluations.
Coverage range
· NR system should provide coverage which is equal or better than LTE (i.e. similar or better link budget characteristics as LTE R9/13). This can be ensured by analytical calculations taking into account physical structure of PRS signals, transmit power, antenna gains and noise figure values.


Use CDF of positioning error as a main performance metric for NR positioning studies
Separately analyse horizontal and vertical positioning error
Separately study performance for indoor and outdoor users in scenarios where mix of users is considered
Other performance metrics (e.g. latency, scalability, coverage range and UE power consumption) and tradeoffs are evaluated analytically

Conclusions
In this contribution, we provided our views on scenarios and evaluation methodology for NR positioning studies. In summary, we have following proposals for NR positioning evaluation methodology.

Proposal 1: 
Use the following set of evaluation scenarios to be used as a baseline for NR positioning studies
Scenario 1. Indoor Office Scenario (as defined in the 3GPP TR 38.901 and in the 3GPP TR 38.802)
Scenario 2. UMi Street Canyon Scenario (as defined in the 3GPP TR 38.901 and in the 3GPP TR 38.802)
Scenario 3. Macro-cell only deployment (ISD 500m) - TR 37.857 (Case 1 w/o small cells) for FR1 only
Further discuss specific details of the proposed baseline scenarios for NR positioning studies
Proposal 2: 
For NR positioning system level evaluations, adopt scenarios and parameters defined in Table 1-Table 5 of this document
For NLOS channel model, enforce the first cluster to the LOS direction ϕLOS, AOA and θLOS,ZOA similar to LOS case
Proposal 3: 
Reuse system level assumptions for link level evaluation except channel modelling
Agree on channel model parameters and performance metrics for NR positioning link level studies provided in Table 6
Proposal 4: 
Use CDF of positioning error as a main performance metric for NR positioning studies
Separately analyse horizontal and vertical positioning error
Separately study performance for indoor and outdoor users in scenarios where mix of users is considered
Other performance metrics (e.g. latency, scalability, coverage range and UE power consumption) and tradeoffs are evaluated analytically
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Annex – A: NR System Level Evaluation Assumptions
[bookmark: _GoBack]The following Table is defined in [4] was used as a baseline for NR system level evaluations.
[bookmark: _Ref525050775]Table 7: 3-Sector BS antenna radiation pattern for above 6GHz (same as Table A.2.1-6: in TR 38.802)
	Parameter
	Values

	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



[bookmark: _Ref525049700]Table 8: 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-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

	
	Electric tilting
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