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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document captures the findings of the study item "Study on NR positioning support" [1]. The purpose of the present document is to support NR positioning in TSG RAN WG1, WG2 and WG3 to properly model and evaluate the performance of NR positioning solutions in deployment scenarios representing relevant use cases, both regulatory and commercial.

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

[1] RP-182155, "SID, "Study on NR positioning support"
[2] 3GPP TR 21.905, "Vocabulary for 3GPP Specifications".

[3] 3GPP TS 22.071, "Location Services (LCS); Service description; Stage 1".

[4] 3GPP TS 22.261, "Service requirements for next generation new services and markets"
[5] 3GPP TR 22.804, "Study on Communication for Automation in Vertical domains (CAV)"
[6] SP-170589, "New SID on Study on positioning use cases"
[7] 3GPP TR 22.872, "Study on positioning use cases"
[8] 3GPP TR 38.913, "Study on scenarios and requirements for next generation access technologies"
[9] 3GPP TR 22.862, "Feasibility study on new services and markets technology enablers for critical communications; Stage 1"
[10] R1-1901577
Performance evaluations for NR positioning
Huawei, HiSilicon

[11] R1-1901717
Evaluation for RAT-Dependent Positioning Techniques
vivo

[12] R1-1901781
System-level evaluations on Rat-dependent positioning
ZTE Corporation,Sanechips

[13] R1-1901819
System level performance with explicit link level simulation for downlink OTDOA technique


MediaTek Inc.

[14] R1-1901820
System level performance with explicit link level simulation for downlink angle based technique


MediaTek Inc.
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Updated system level simulation results for NR Positioning
Nokia, Nokia Shanghai Bell
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Updated System-level Performance Evaluation for NR Positioning
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Discussion on Performance Evaluation for RAT-Dependent Positioning Techniques
LG Electronics

[18] R1-1902246
System-level Performance Evaluation for RAT-Dependent Positioning Techniques
Samsung
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System-level Performance Evaluation for SSB Angle Based Positioning 
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[20] R1-1902514
NR Positioning Evaluation Results
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ESA
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BUPT, ZTE, CAICT

[23] R1-1902837
Evaluation results for NR positioning
Mitsubishi Electric Co.

[24] R1-1903021
Evaluation results for RAT-dependent positioning Techniques
Qualcomm Incorporated

[25] R1-1903054
SLS results for NR positioning potential solutions
 Fraunhofer IIS, Fraunhofer HHI

[26] R1-1903142
System-level Performance Evaluation for RAT-Dependent Positioning Techniques
Ericsson
3
Definitions and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [2] and the following apply. 
A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [2].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [2] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [2].

CID
Cell ID

CDF
Cumulative Distribution Function
ECID
Enhanced Cell ID

GNSS
Global Navigation Satellite System

LCS
LoCation Services

LPP
LTE Positioning Protocol

OTDOA
Observed Time Difference Of Arrival
TBS
Terrestrial Beacon System

TTFF
Time To First Fix

UTDOA
Uplink Time Difference Of Arrival

WLAN
Wireless Local Area Network

4
General description of NR positioning
The 3GPP NR radio-technology is uniquely positioned to provide added value in terms of enhanced location capabilities. The operation in low and high frequency bands (i.e. below and above 6GHz) and utilization of massive antenna arrays provides additional degrees of freedom to substantially improve the positioning accuracy. The possibility to use wide signal bandwidth in low and especially in high bands brings new performance bounds for user location for well-known positioning techniques based OTDOA and UTDOA, Cell-ID or E-Cell-ID etc., utilizing timing measurements to locate UE. The recent advances in massive antenna systems (massive MIMO) can provide additional degrees of freedom to enable more accurate user location by exploiting spatial and angular domains of propagation channel in combination with time measurements.

A general description of location services and service requirements are given in TS 22.071 [3].

Rel-15 NR WI specified Cell-ID, inter-RAT and RAT-independent positioning methods by reusing LPP, but NR standalone based RAT-dependent positioning was excluded.
According to [4], the 5G system shall support the use of 3GPP and non-3GPP technologies to achieve higher accuracy positioning. The corresponding positioning information shall be acquired in a timely fashion, be reliable, and be available (e.g., it is possible to determine the position). The 3GPP system also presents 5G communication for automation in vertical domains [5]. This is communication that is involved in the production of and working on work pieces and goods, and/or the delivery of services in the physical world. Such communication often necessitates low latency, high reliability, and high communication service availability.
The SA1 HYPOS study [6] focused on positioning use cases in indoor and outdoor environments. The technical report [7] complements existing work on 5G use cases involving positioning needs in order to identify potential requirements for 5G positioning services. The document further develops the identified use cases by providing some considerations on the suitability of positioning technologies to these use cases.
The following requirements were captured in the [8]. The NR should enable, and improve if suitable, state-of-art positioning techniques, such as RAN-embedded (Cell-ID, E-Cell ID, OTDOA, UTDOA, etc.) and RAN-external (GNSS, Bluetooth, WLAN, Terrestrial Beacon Systems (TBS), sensors, etc.). The NR positioning shall exploit high bandwidth, massive antenna systems, network architecture/ functionalities (e.g. heterogeneous networks, broadcast, MBMS) and deployment of massive number of devices. NR positioning shall support indoors and outdoors use cases.

NR shall support regulatory positioning requirements.

NR design targets for commercial positioning use cases include:

1)
Support for range of accuracy levels, latency levels and device categories

2)
Support accuracy and latency as defined in TR 22.862 for some use cases

3)
Reduced network complexity

4)
Reduced device cost

5)
Reduced device power consumption

6)
Efficient signalling over the air interface and in the network

7)
Support for hybrid positioning methods

8)
Scalability (support for large number of devices)

9)
High security

10)
High availability

11)
Support UE speed as defined in [9]

5
Rel-16 NR positioning requirements

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. 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 < 3m for 80% of UEs in indoor deployment scenarios

-
Vertical positioning error < [3]m for [80]% of UEs in indoor deployment scenarios

-
Horizontal positioning error < 10m for 80% of UEs in outdoor deployments scenarios 

-
Vertical positioning error < [3]m for [80]% of UEs in outdoor deployment scenarios

-
End to end latency < [1]s

-
Notes:

-
This does not eliminate more or less demanding commercial use cases.

-
For commercial use cases, indoor deployment means indoor deployed UEs and gNBs.
-
For commercial use cases, outdoor deployment means outdoor deployed UEs and gNBs.
Note: It is understood that no single positioning technology has to meet all the requirements for every scenario.

6
Deployment scenarios and evaluation methodologies for NR positioning
6.1
Scenarios and system parameters for positioning evaluations
For evaluating baseline performance, scenarios (with various options/configurations) are defined below for RAT-dependent positioning techniques for NR positioning study:

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

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

-
Scenario 3. UMa (ISD 500m) for FR1 only (Macro cell only deployment scenario)

Table 6.1.1-1: Common scenario parameters applicable for all scenarios
	
	FR1 Specific Values
	FR2 Specific Values 

	Carrier frequency, GHz  
	2GHz, 4GHz – Note 1
	30 GHz – Note 1

	Bandwidth, MHz
	5MHz,
50MHz for 2GHz

100MHz for 4GHz
	100MHz, 400MHz 

	Subcarrier spacing, kHz
	15kHz for 5MHz and 50MHz

30kHz for 100MHz 
	120kHz

	gNB model parameters 
	
	

	gNB noise figure, dB
	5dB
	7dB

	UE max. TX power, dBm
	23dBm – Note 1
	23dBm – Note 1

EIRP should not exceed 43 dBm.

	UE model parameters 
	
	

	UE noise figure, dB
	9dB – Note 1
	13dB – Note 1

	UE antenna configuration
	Panel model 1 – Note 1

Mg = 1, Ng = 1, P = 2, dH = 0.5λ,
(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1)
	Multi-panel Configuration 1 and Panel Configuration a – Note 1

-
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 according to Table 6.1.1-2

	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
	The network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an eNB 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:
0ns (perfectly synchronized), 50ns 

	Note 1:
According to 3GPP TR 38.802

Note 2:
According to 3GPP TR 38.901


Table 6.1.1-2: UE antenna radiation pattern model 1 (FR2) 
	Parameter
	Values

	Antenna element radiation pattern in [image: image4.png]
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	Antenna element radiation pattern in [image: image7.png]o
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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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Table 6.1.1-3: Scenario 1. Indoor office scenario parameters

	
	FR1 Specific Values 
	FR2 Specific Values

	Layout 
	Indoor floor: (12BSs per 120m x 50m), TRP number per floor:12, Inter-gNB distance = 20m - Note 1

	Total gNB TX power, dBm
	24dBm
	24dBm

EIRP should not exceed 58 dBm

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ – Note 1
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ – Note 1
One TXRU per polarization per panel is assumed

	gNB antenna radiation pattern
	Single sector – Note 1
	3-sector antenna configuration – Note 1

	Channel model
	Indoor open office – Note 2

	Peneteration loss
	0dB

	Number of floors
	1

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

	UE mobility
	3km/h

	UE antenna height
	1.5m

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

	gNB antenna height
	3m

	Note 1:
According to 3GPP TR 38.802

Note 2:
According to 3GPP TR 38.901


Table 6.1.1-4: Scenario 2: Urban micro (UMi) scenario parameters

	
	FR1 Specific Values
	FR2 Specific Values

	Layout 
	Hexagonal grid, 19 or 7 macro sites, 3 sectors per site, ISD = 200m, Note 1

Wrap-around is applied, Note 2

	Total gNB TX power, dBm 
	44dBm
	37dBm per panel

EIRP should not exceed 73dBm

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (dH, dV) = (0.5, 0.8)λ, - Note 1
	(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, - Note 1

	gNB antenna radiation pattern
	Directional, 8dBi – Note 1

Table 6.1.1-5
	Directional, 8dBi – Note 1

Table 6.1.1-5

	Channel model
	UMi Street Canyon – Note 3

	Penetration loss
	For outdoor UEs: 0dB

	Number of floors 
	All UEs are on the ground.


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

	UE mobility (for modeling Doppler effects)
	Outdoor: 3km/h

	UE height, m 
	1.5m

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

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

	Note 1:
According to 3GPP TR 38.802

Note 2:
In case if interference considerations are not properly taken into account for 7 sites companies are encouraged to provide results for 19 sites.

Note 3:
According to 3GPP TR 38.901


Table 6.1.1-5: gNB antenna patterns for UMi and UMa
	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


Table 6.1.1-6: Scenario 3: Outdoor macro (UMa) scenario parameters

	
	FR1 Specific Values 

	Layout 
	Hexagonal grid, 3 sectors per site, 7 or 19 macro sites, ISD = 500m – Note 1

Wrap-around is applied. Note 2

	Total gNB TX power, dBm
	49dBm

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1),  (dH, dV) = (0.5, 0.8)λ – Note 1

Applicable for 2GHz and 4 GHz carrier frequency.

	gNB antenna radiation pattern
	Directional, 8dBi – Note 1, Table 6.1.1-5

	Channel model
	UMa scenario – Note 3 

	Penetration loss


	For outdoor UEs: 0dB
For indoor UEs: 20dB+0.5d2D-in – Note 3

	Number of floors, (floor height)
	8, (3m)

	Antenna Height: 
	Uniformly distributed [20-50] m – Note 4 

25m + α, where α~uniform[-5, 25]

	UE Height 
	3(nfl – 1) + 1.5 m – Note 4

where, nfl ~ uniform(1,Nfl) and Nfl = 8 

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

	Min. gNB-UE distance (2D), m
	35m

	UE mobility (for modeling Doppler effects)
	For indoor UEs: 3km/h 

For outdoor UEs: 60km/h

	Note 1:
According to 3GPP TR 38.802

Note 2:
In case if interference considerations are not properly taken into account for 7 sites companies are encouraged to provide results for 19 sites.

Note 3:
According to 3GPP TR 38.901

Note 4:
According to 3GPP TR 37.857


The evaluation methodology does not define any baseline reference signals.

The results from the evaluations can potentially be used to select a subset of the reference signals studied as part of the evaluations when considering design options. 

The existing channel models as provided in the TR 38.901 are used for NR positioning evaluation as a baseline.
Note: Companies can provide additional results and describe modifications made for NLOS channel model.
6.2
Performance metrics

For evaluating performance of NR positioning technologies, the following metrics should apply. 

6.2.1
Horizontal accuracy

Horizontal accuracy is the difference between the calculated horizontal position and the actual horizontal position of a UE. At least CDFs of horizontal 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%.

6.2.2
Vertical accuracy

Vertical accuracy is the difference between the calculated vertical position and the actual vertical position of a UE.  Vertical error is not necessarily applicable to all solutions and/or scenarios. In terms of applicability, the CDFs of vertical 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%.

6.2.3
Other metrics

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.

7
Studied NR positioning technologies
Combination of RAT-dependent and RAT-independent techniques can be considered for NR positioning.
7.1
RAT-dependent NR positioning technologies


The RAT dependent solutions considered for study include:

-
Downlink based solutions

-
Downlink and uplink based solutions

-
Uplink based solutions

Combination of downlink, uplink as well as downlink and uplink techniques can be used for NR positioning.
Further study whether it is beneficial to support and if so, how to support, NR based positioning for UEs in RRC-IDLE and/or RRC-INACTIVE states.
Note: This involves RAN2 aspects.
7.1.1
Downlink based solutions

The following candidate techniques are considered for study of DL positioning:

-
Timing based techniques

-
Timing of arrival path(s)

-
Phase difference based techniques

-
Note: feasibility needs to be further assessed

-
Angle-based techniques

-
Downlink angle(s) of departure

-
Downlink angle(s) of arrival

-
Carrier-phase based techniques

-
Note: feasibility needs to be further assessed

-
Received reference signal power based techniques

-
Cell ID and TRP related information (e.g. RS resource and/or resource set ID)
The following candidate techniques were identified for NR DL-based positioning support:
-
NR should support timing (DL-TDOA) based DL-only positioning techniques in FR1 and FR2.
-
NR should support angle (DL-AoD) based DL-only positioning techniques with at least beam sweeping at least at the gNB in FR1 and FR2.
-

Note: This does not necessarily need different reference signals from the timing based DL positioning techniques.
7.1.2
Uplink based solutions

The following candidate techniques are considered for study of UL positioning:

-
Timing based techniques 

-
Timing of arrival path(s)

-
Angle-based techniques

-
Uplink angle(s) of departure 

-
Uplink angle(s) of arrival 

-
Carrier-phase based techniques

-
Note: feasibility needs to be further assessed

-
Received reference signal power based techniques
The following candidate techniques were identified for NR UL-based positioning support:
-
NR should support timing (UL-TDOA) based UL-only positioning techniques in FR1 and FR2.
-
UL-TDOA with two or more neighboring gNBs/TRPs for NR UL positioning should be supported
-
NR should support UL-AoA based positioning techniques in FR1 and FR2
-
UL-AoA with one or more neighboring gNBs/TRPs for NR UL positioning should be supported
7.1.3
Downlink and uplink based solutions

The following candidate techniques are considered for study of DL and UL positioning:

-
Timing based techniques

-
Round trip time measurement including support for multiple TRPs

-
Combination of DL and UL techniques for NR positioning

-
e.g. E-CID like techniques (including one or multiple cells)
The following candidate techniques were identified for NR DL and UL-based positioning support:
- 
Round-trip time (RTT) with one or more neighbouring gNBs/TRPs for NR DL and UL positioning should be supported for FR1 and FR2.
7.2
RAT-independent NR positioning technologies

8
Evaluation results of NR positioning 

Editor's Note: To be determined. Evaluate physical layer design options, measurements, and/or any additional impacts or enhancements, as applicable per technology, for RAT-dependent and RAT-independent positioning systems, including suitable frequencies and signals.
8.1 Downlink evaluations

8.1.1 System simulations for Scenario 1 – Indoor Office
8.1.2 System simulations for Scenario 2 - Umi 
8.1.3 System simulations for Scenario 3 - Uma
8.2 Uplink evaluations

8.2.1 System simulations for Scenario 1 – Indoor Office 
8.2.2 System simulations for Scenario 2 - Umi  
8.2.3 System simulations for Scenario 3 – Uma  
8.3 Downlink+uplink evaluations

8.3.1 System simulations for Scenario 1 – Indoor Office 
8.3.2 System simulations for Scenario 2 - Umi   
8.3.3 System simulations for Scenario 3 – Uma 

8.4 summary for evaluations

8.4.1 summary for Downlink evaluations

8.4.1.1 Summary for Scenario 1 – Indoor Office
8.4.1.2 Summary for Scenario 2 – Umi
8.4.1.3 Summary for Scenario 3 – UMa
8.4.2 summary for Uplink evaluations
8.4.2.1 Summary for Scenario 1 – Indoor Office 
8.4.2.2 Summary for Scenario 2 – Umi
8.4.2.3 Summary for Scenario 3 – UMa
8.4.3 summary for Downlink+ Uplink evaluations
8.4.3.1 Summary for Scenario 1 – Indoor Office
8.4.3.2 Summary for Scenario 2 – Umi
8.4.3.3 Summary for Scenario 3 – UMa
9
Identified NR impacts 
Editor's Note: To be determined for RAT-dependent and RAT-independent positioning technologies including signal design, procedure descriptions and architecture impacts, for NR specifications (if applicable), including impacts to Network and UE complexities/coexistence and specification impacts.
9.1
Signal definitions and configuration parameters
Editor's Note: The identified in this section detailed FFS aspects can be further discussed and resolved during the work item phase on support of NR positioning
9.1.1
Downlink signal definitions and configuration parameters

NR DL Reference Signals for Positioning

The following candidate reference signals were identified for NR DL positioning evaluation

-
NR CSI-RS (including TRS configuration)
-
NR Synchronization Signals (SSBs)
-
New DL positioning reference signals (DL PRS)
Enhancements to existing NR DL reference signals (e.g., based on extensions to current reference signals or with new reference signals) are necessary to meet accuracy requirements at least in some scenarios.

NR PRS Properties
NR DL PRS design for FR1 and FR2 should support:
-
Configurable NR DL PRS signal bandwidth
-
FFS granularity of configuration, relationship with BWPs, whether the configuration is cell and/or UE specific
Editor's note: RAN1 is to continue discussion on granularity of configuration, relationship with BWPs, whether the configuration is cell and/or UE specific.

-
Configurable NR DL PRS signal numerology (SCS)
-
FFS configurability of CP for NR DL PRS
Editor's note: RAN1 is to continue discussion on configurability of CP for NR DL PRS.

-
Configurable NR DL PRS frequency and time allocation

-
Use of DL beam sweeping / alignment

-
i.e. beam alignment of gNB DL PRS transmission and UE reception of DL PRS
-
Localized in time NR DL PRS transmissions with periodic and/or on-demand resource allocation

-
FFS signaling details
Editor's note: RAN1 is to continue discussion on signalling details for periodic and on-demand resource allocation.
-
Dedicated NR DL PRS resources - time-frequency grid at resource block level 

-
PRS transmitted in one cell may or may not collide with PRS transmissions in other cell

- 
e.g. frequency vShift/comb-offset is the same or different for two different PRSs in the same RB

-
There is no data/control transmission in time-frequency grid of dedicated NR-DL PRS resources

-
FDM multiplexing with other signals at RE level inside of PRS time-frequency grid is precluded

-
FFS interference randomization techniques across PRS signals
Editor's note: RAN1 is to continue discussion on interference randomization techniques across PRS signals.

-
FFS shared in time/frequency NR DL PRS resources with other transmissions including data/control

-
FFS which physical channel/signals can share resources with NR DL PRS

-
FFS interference randomization techniques for PRS transmission with other signals

Editor's note: RAN1 is to continue discussion on support of shared NR DL PRS resources.

 NR DL PRS Resource
NR DL PRS resource is defined as a set of resource elements used for NR DL PRS transmission that can span multiple PRBs within N (1 or more) consecutive symbol(s) within a slot, where N is FFS.

-
In any OFDM symbol, PRS resource occupies consecutive PRBs

-
FFS if multiple symbols can be non-consecutive

-
FFS on PRS Resource Set
Editor's note: RAN1 is to continue discussion on possibility of non-consecutive symbols within resources and use/definition of PRS Resource Set.

For NR DL PRS resource design:

-
One antenna port is supported.

-
FFS: configurable number of antenna ports (more than one) in addition to support of a single port

-
A PRS resource should have a PRS resource ID and a PRS sequence should have a PRS sequence ID
Editor's note: RAN1 is to continue discussion on support of more than one antenna port per PRS Resource.
UE Measurements for NR Positioning
The following UE measurements were identified for NR positioning for serving and neighbouring gNBs:
-
NR supports RSTD measurements for NR DL PRS

-
FFS: RSTD b/w different configured PRS resources, beams, TRPs, cells, etc.

-
NR supports RSRP measurement for NR DL PRS
-
UE RX-TX time difference measurements 
-
FFS if NR supports RSTD measurement quality metric for NR DL PRS
-
FFS other measurements

Editor's note: RAN1 is to continue discussion on support of RSTD measurement quality metric and other measurements for NR DL PRS.
NR DL PRS Hopping

FFS: whether support of PRS frequency hopping is needed

Editor's note: RAN1 is to continue discussion on support of hopping for NR DL PRS.
9.1.2
Uplink signal definitions and configuration parameters

NR UL Reference Signals for Positioning
The following candidate reference signals were identified for UL positioning evaluation and are to be further studied

-
NR PRACH

-
NR SRS

-
NR UL DMRS

-
NR UL PTRS

-
New UL positioning reference signals (UL PRS)
NR UL SRS is used as a starting point for design and analysis of UL PRS

-
Further study if and which enhancements are needed
- 
FFS NR UL PRS relationship with UL BWP and component carrier
Editor's note: RAN1 is to continue discussion on UL PRS relationship with UL BWP.
The following aspects for NR UL PRS design are left for further analysis:
-
Use of UL beam sweeping at FR2 

-
Beam sweeping includes possibility of quasi-omni transmission

-
Use of UL beam alignment at FR2 through DL reception and beam correspondence

-
UL power control aspects

-
UL timing advance aspects

Editor's note: RAN1 is to continue discussion on identified above aspects.
gNB Measurements for NR Positioning

The following measurements for NR UL PRS at serving and neighbor gNBs should be supported:

-
UL RTOA measurements

-
UL Angle Of Arrival (AOA) measurements (including Azimuth and Zenith Angles)

-
UL RSRP (reference signal received power) measurements

-
gNB RX-TX time difference measurements
9.2
Procedure and protocol aspects

9.3
Architecture aspects

10
Conclusions

Editor's Note: Summary and Conclusions of positioning technology enhancements.
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