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1.1.1 Study on NR positioning support
FS_NR_pos; SID in RP-182155. Please refer to the SID for detailed scoping
R1-1810566
Co-Band TBS Technology and Scenario
BUPT

Withdrawn

R1-1810567
Co-Band TBS Technology and Scenario
BUPT

R1-1810798
Work plan for NR positioning study item
Intel Corporation, Ericsson

R1-1811129
Intermediate Summary of Offline Discussion on NR Positioning
Intel Corporation

R1-1811846 (Revision of R1-1811129)
Intermediate Summary of Offline Discussion on NR Positioning
Intel Corporation

R1-1811527
TR 38.855 skeleton for study of NR positioning support
Ericsson,Intel

R1-1811527 endorsed as TR 38.855 v0.0.1
R1-1811614
Text Proposal for sections 2, 3 and 4 of  TR 38.855
Ericsson,Intel

The text proposal in R1-1811614 is endorsed.
R1-1811927
Outcome of offline discussion on NR positioning evaluation
Intel

1.1.1.1 Requirements for NR Positioning

R1-1810150
Considerations on NR positioning
Huawei, HiSilicon

R1-1810313
Discussions on Requirement for NR Positioning design
LG Electronics

R1-1810333
Requirement to synchronization error
ZTE Corporation

R1-1810417
Considerations on requirement for NR positioning
vivo

R1-1810459
Views on requirements for NR positioning
MediaTek Inc.

R1-1810530
Discussion of NR Positioning Requirements
CATT

R1-1810646
Considerations on NR Positioning Requirements
Sony

R1-1810799
On target requirements for NR positioning
Intel Corporation

R1-1810853
Requirements for NR Positioning
Samsung

R1-1811027
Discussion on NR Positioning Requirements
Nokia, Nokia Shanghai Bell

R1-1811052
Discussion on requirements and scenarios on NR positioning
CMCC

R1-1811285
Requirements and Performance Metrics for Positioning Evaluations
Qualcomm Incorporated

R1-1811354
Discussion on requirements for NR positioning
NTT DOCOMO, INC.

R1-1811464
NR positioning requirements for commercial use cases
Fraunhofer IIS

R1-1811529
Requirements for NR positioning
Ericsson

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
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
· Note: The regulatory requirements refer to floor level vertical accuracy
· 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.

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%

· Physical layer latency, UE power consumption, scalability/capacity, network deployment complexity, availability, UE and gNB complexity can be considered as important design factors for NR positioning solutions and can be evaluated analytically for proposed solutions

1.1.1.2 Evaluation Methodology

Including evaluation scenarios
R1-1810151
Evaluation methodology for NR positioning
Huawei, HiSilicon

R1-1810314
Discussions on Evaluation Methodology for NR Positioning
LG Electronics

R1-1810321
Considerations on evaluation for NR positioning
ZTE Corporation

R1-1810334
Considerations on coverage of NR positioning
ZTE Corporation

R1-1810335
Ray-tracing based channel simulation model in virtual space
ZTE Corporation

R1-1810418
Considerations on evaluation methodology for NR positioning
vivo

R1-1810460
Views on evaluation methodology
MediaTek Inc.

R1-1810531
NR positioning evaluation scenarios and methodology
CATT

R1-1810800
Evaluation assumptions for NR positioning studies
Intel Corporation

R1-1810854
NR Positioning Evaluation Methodology
Samsung

R1-1811028
Evaluation Scenarios and Methodologies for Positioning Solutions in NR
Nokia, Nokia Shanghai Bell

R1-1811286
Simulation Scenarios and Assumptions for Positioning Evaluations
Qualcomm Incorporated

R1-1811465
Evaluation scenarios and methodologies for NR positioning
Fraunhofer IIS

R1-1811528
Evaluation methodologies and scenarios for NR positioning
Ericsson

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:
Common parameters provided in Table 1 and Table 2 below are agreed for NR Positioning evaluations and captured in the 3GPP TR 38.855
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: image2.png]g
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	Antenna element radiation pattern in [image: image5.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

	
	Note: 
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Agreement:
· Indoor Office parameters captured in the following Table 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
· Modifications to the table for 2 GHz should be further discussed

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


R1-1811992
Outcome of offline discussion on UMi and UMa evaluation scenarios for NR positioning studies
Intel
Agreement:
UMi street canyon parameters captured in Tables 1 and X below provide the evaluation parameters for NR positioning evaluations and should be captured in the 3GPP TR 38.855
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


Agreement:
UMa parameters captured in the Table below are agreed for NR positioning evaluations and captured in the 3GPP TR 38.855
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


1.1.1.3 Potential Techniques for NR Positioning

R1-1810152
Details of NR positioning techniques
Huawei, HiSilicon

R1-1810315
Discussions on Possible Techniques for NR Positioning
LG Electronics

R1-1810419
Considerations on techniques for NR positioning
vivo

R1-1810461
"Views on potential techniques for NR positioning"
MediaTek Inc.

R1-1810492
UE Positioning using AoA+ZoA+TA
Polaris Wireless

R1-1810532
Discussion of Potential Techniques for NR Positioning
CATT

R1-1810647
Discussion on OTDOA NR Positioning
Sony

R1-1810801
Techniques for NR positioning
Intel Corporation

R1-1810855
Potential Techniques for NR Positioning
Samsung

R1-1810945
Discussion on Potential Techniques for NR Positioning
ITRI

R1-1811029
Potential techniques for NR positioning
Nokia, Nokia Shanghai Bell

R1-1811053
Discussion on enhancements for NR positioning
CMCC

R1-1811133
Using barometric pressure for altitude estimation
Polaris Wireless

Withdrawn
R1-1811287
Considerations on NR Positioning using PRS
Qualcomm Incorporated

R1-1811355
Discussion potential techniques for NR positioning
NTT DOCOMO, INC.

R1-1811459
Overview of Potential NR Positioning Technologies
Fraunhofer IIS

R1-1811487
Views on NR positioning techniques
Mitsubishi Electric Co.

R1-1811525
Co-Band TBS Technology and Scenario
BUPT, ZTE, China Unicom

R1-1811530
RAT dependent NR positioning solutions
Ericsson

R1-1811993
Outcome of offline email discussion on Potential Techniques for NR positioning

Ericsson

Agreement:
The RAT dependent solutions considered for study include

· Downlink based solutions

· Downlink and uplink based solutions

· Uplink based solutions

1.1.1.4 Others

R1-1810533
NR Positioning Reference Signals for OTDOA
CATT

R1-1810802
Preliminary Evaluation Results for NR Positioning
Intel Corporation

R1-1811466
Channel model considerations for NR positioning
Fraunhofer IIS

R1-1811531
RAT independent and hybrid NR positioning solutions
Ericsson
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