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Introduction
At the RAN#81 WG meeting, the final version of study item on NR Positioning was approved [1]. One of the study item objectives is to evaluate potential solutions for NR Positioning [1].
	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.


During the RAN1#94bis meeting, the following agreement was made by RAN1 WG. 
	RAN1#94bis Agreement:
The RAT dependent solutions considered for study include
· Downlink based solutions
· Downlink and uplink based solutions
· Uplink based solutions


In this contribution, we discuss potential RAT-dependent NR positioning solutions, while our views on other aspects are provided in companion contributions [5]-[7].
Review of RAT-dependent LTE Positioning Methods
OTDOA
The downlink (OTDOA) positioning method utilizes measurements of timing difference of downlink reference signals (RSTD) received from multiple TRPs at the UE. The UE performs RSTD measurements using assistance data provided by network and the resulting measurements based on positioning reference signals (PRS) or other reference signals are used to locate the UE in relation to the neighbor TPs.
The OTDOA solution based on PRS transmissions can be also integrated to Terrestrial Beacon System (TBS) which is a dedicated network of ground-based transmitters (TBS) broadcasting signals for geo-spatial positioning in a dedicated spectrum with wide-area or regional coverage.
E-CID/CID
Enhanced Cell ID (E‑CID) positioning uses UE and eNB (E‑UTRAN) measurements to get UE location estimate. The following measurements are done at the UE and eNB sides respectively:
UE measurements:
· Reference Signal Received Power (RSRP);
· Reference Signal Received Quality (RSRQ);
· UE Rx – Tx time difference;
E-UTRAN measurements:
· Timing Advance (TADV):
· Type1: TADV = (eNB Rx – Tx time difference) + (UE Rx – Tx time difference);
· Type2: TADV = eNB Rx – Tx time difference;
· Angle of Arrival (AoA).
In case of E-CID, UE is not expected to make additional measurements for the purpose of positioning only, oppositely UE measurements are based on communication framework. From that perspective, eNB is responsible for E-CID operation and only eNB is aware for about actual relative distance to UE.
UTDOA
The uplink (e.g., UTDOA) positioning method is based on measured timing at multiple Location Measurement Units (LMUs). LMUs measure the timing of the received UL signals from UE using assistance data received from the positioning server and the resulting measurements are used to estimate the location of the UE.
Summary on LTE Positioning Techniques and Extension to NR
In LTE, either DL(OTDOA), UL (UTDOA) or DL&UL(E-CID) positioning methods can be identified based on measurements done by either UE, eNB or both. In NR, the DL, UL and DL&UL positioning methods can be augmented by additional measurements of signal location parameters as discussed in the subsequent sections.
Location Information Sources in RAT-Dependent Solutions
Signal Location Parameters
In case of DL positioning, measurements and reporting are done by UEs. The full information about signal location parameters is contained within a waveform(s) received by UE from multiple TRPs. The UE can process received waveform(s) to estimate various signal location parameters such as:
Timing information (relates to distance/time of flight)
· Time difference of arrival (e.g. RSTD) or time of arrival or round-trip time/time of flight measurements
Angular information (relates to direction)
· Transmitter (TRP/gNB) angle of departure (e.g. AoD, TRP TX beam information)
· Receiver (UE) angle of arrival (e.g. AoA / UE RX beam information)
Received power information (distance & possibly direction)
· Reference signal received power (e.g. RSRP, RSRQ)
· Power of multi-path channel impulse response component(s) (can be relative power)
Doppler components (velocity / direction of travel)
· Doppler shift / phase difference
Transmitter identification information (transmission point)
· IDs of TRP / cell / beam / antenna port
 Sources of Location Information
In RAT-dependent positioning techniques, the following types of sources of location information can be considered:
Received Signal Waveform
· Contains full information about all signal location parameters.
First Arrival Path of Channel Impulse Response
· Contains information about distance (timing) and LOS direction (angles). Under certain conditions can be used to estimate antenna orientation
Multipath Components of Channel Impulse Response
· Carry additional information about reflectors that under certain conditions can be used to improve positioning performance.
In the next sub-sections, we discuss in more details how each source of location information can be used for RAT dependent positioning methods. Provided considerations are valid for DL, DL&UL, as well as UL positioning.

Received Signal Waveform
The estimation of given signal location parameter may heavily depend on UE implementation capabilities. In order to preserve full data for estimation of signal location parameters, UE can directly record received PRS waveforms and report them back to the network for further processing (see Figure 1). Note that, in this case UE even does not need to know the transmitted sequence to enable this method. Reporting of the received signal waveform can be also beneficial to prevent tampering and spoofing (e.g. validate signals observed by UE) in NR positioning systems. In addition, reporting of the received signal waveform can be used to enable advanced super-resolution algorithms for estimation of signal location parameters. The latter can be especially beneficial if operator does not own large amount of spectrum or UE does not support processing at the maximum system bandwidth but still accurate positioning is needed.


Reporting of the received waveforms preserves full information about all signal location parameters
Cloud/network based processing of the received waveforms can apply advanced super-resolution algorithms to significantly improve estimation accuracy of signal location parameters, which may not be feasible at UE side
Reporting of the received waveforms has low complexity for UE implementation and transparent to the TX waveform design details



[bookmark: _Ref525383298]Figure 1: Reporting of received signal waveform for DL positioning

First Arrival Path of Channel Impulse Response
Timing information of the first arrival path is a primary information in E-CID, OTDOA and UTDOA positioning techniques given that it reflects estimate of the distance between TX and RX stations. In NR technology, the timing information of the first arrival path can be augmented by additional measurements of angular information of the first arrival path, e.g. AoD and AoA or power of the first arrival path (absolute or relative). The angular information can be beneficial to improve positioning performance in case of small amount of reference stations or in case of large timing estimation/synchronization errors.
Estimation of AoD and AoA at the UE side is dependent on UE antenna system configuration that may not be always known at UE modem side. On top of that, in order to extract benefits from AoA estimation, orientation of antenna system in global coordinate system need to be known. This information is not generally available at UE modem side. On the other hand when gNB is considered both antenna system configuration and orientation in space can be known and thus AoA measurements can be made to improve positioning performance. If gNB applies TX beam sweeping, the coarse measurement of AoD can be represented by detected beam / antenna port, however it needs to be further discussed how ID of the beam or antenna port are derived by UE (e.g. maximizing the power of the first arrival path component, maximizing the overall received power as more suitable for communication or any other option). Furthermore it needs to be discussed, how UE receive beamforming is taken into account and affects beam detection and overall performance of positioning techniques.
One of the critical issues for positioning is to determine whether given link between transmitter and receiver is a LOS link or NLOS link, i.e. LOS detection problem. There are multiple ways how UE can try to estimate whether the link has LOS component. If this information can be extracted at the UE side and reported, it may benefit the overall positioning performance.


The first arrival path measurements are used by LTE OTDOA, UTDOA and E-CID positioning methods and should be supported by NR positioning system
The first arrival path timing information can be further enriched by angular information

Channel Impulse Response Information
In general case, the multipath MIMO channel impulse response (e.g. MIMO channel including first arrival path and multi-path components) measurements can be used to improve positioning performance by utilizing timing and AoD/AoA information of multi-path components. The selected multi-path components can be viewed as a first order reflected signals coming from virtual reference source(s) (mirror source(s)). If coordinates of the actual reference source as well as reflectors are known, the timing measurements of multipath components can be used for positioning of target UE. In this scenario, angular information of multi-path components can be used to detect reflection points and estimate their coordinates.


Figure 2: Positioning through reflection points (mirror reference sources)
The utilization of multi-path channel components can be especially beneficial in mmWave bands, where high resolution of multi-path components in time and space can be achieved. Although this approach looks promising, multiple technical issues need to be resolved, for its practical implementation [4]:
Accurate estimation of UE antenna orientation information;
Identification of reflection points and mirror sources;
Mechanisms to distinguish the first order from the n-th order reflectors;
Association of the reflection points (mirror sources) with the timing and angular information measurements;
etc.
Some of these issues can be addressed if additional information is available, e.g. map of reflection points is known jointly with the information on UE antenna orientation, etc.


Measurements of signal location parameters of multi-path components can benefit positioning performance in certain scenarios
In order to exploit signal location parameter measurements of multi-path components multiple  technical challenges need to be addressed

Summary on Sources of Location Information
Based on discussions in the previous sub-sections, for all RAT dependent solutions, we can classify at least three types of sources of location information:
· Received signal waveform
· First arrival path of channel impulse response (e.g. timing, angular information or MIMO channel of the first arrival path)
· Channel impulse response (i.e. first arrival path and multi-path channel impulse response components)
Figure 3 provides comparative analysis of OTDOA based positioning for two cases. In Case 1, the first arrival path (FAP) timing estimation is done at UE side using practical channel estimation algorithm. In Case 2, it is assumed that UE reported received signal waveforms to gNB/network where sophisticated super-resolution algorithm for timing estimation is implemented to estimate timing of the first arrival path. The system level evaluation results which are shown in Figure 3 clearly demonstrate that reporting of the received signal waveform can boost NR positioning performance in FR1.
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[bookmark: _Ref528920235]Figure 3: OTDOA performance in Indoor Office and UMi scenario
Based on analysis, we think that all three types of sources of signal location information can be considered for NR positioning. In particular, at least, received signal waveform reporting as well as the first arrival path measurements should be considered, while the benefits of conducting measurements for multi-path components require more studies including the type of measurements to be performed.

Proposal 1: 
Reporting of the received signal waveform is considered as a candidate technique to boost performance of NR positioning techniques (e.g. DL positioning)
Further study mechanisms to support reporting of the received waveforms
First arrival path measurements of signal location parameters are supported
Further study techniques to detect whether link b/w given transmitter and receiver is LOS link (i.e. has LOS component)
Further study benefits of utilizing multi-path channel impulse response components for NR positioning (e.g. timing or angular information derived from multipath components, etc.)

RAT-Dependent NR Positioning
Downlink Positioning Methods
Measurements for Downlink Positioning
The DL positioning methods should be based on DL measurements of signal location parameters using predefined reference signals or direct reporting of the received signal waveform back to gNB/network. For DL positioning methods, the primary DL measurements candidates are reference signal time difference (RSTD) of arrival. On top of RSTD measurements, UE can provide additional DL measurements corresponding to different TX beams that may be useful to extract information about DL AoD. One of the open questions here is what kind of measurements should be done by UE. One of the options is to simply report RSRP/RSRQ-like metrics that are suitable from communication perspective. Another alternative is to introduce additional positioning specific measurements and criteria. One of the examples here is to measure the power of the first arrival path(s) that were used for RSTD calculations. These additional measurements may be beneficial for selection of the best DL TX beam and give additional information about DL AoD. 

Proposal 2: 
Support the first arrival path timing estimation and RSTD measurements for NR DL positioning
Study implications of TX and RX beam sweeping on NR positioning performance and RSTD measurements in particular
Further study benefits of additional DL measurements aiming to extract DL AoD information for NR positioning, considering possibility of the beamforming at gNB and UE side

Considering that DL RSTD measurements can be augmented at least by the information about DL AoD, we think that OTDOA term may not clearly represent the DL positioning techniques and new term can be considered in future discussions.

Reference Signals for Downlink Positioning
Radio-layer functionality and protocols for NR positioning are different from NR communication demands. Therefore direct reuse of the same set of signals can be problematic to serve both purposes (accurate positioning and efficient communication).
In NR technology, except SSB transmissions there is no “always on” signals to perform measurements of signal location parameters by UE. The SSB signal BW is dependent on frequency band and SCS but still is relatively narrow comparing to the available system bandwidths. In addition, the use of SSB may not be feasible in shared cell ID scenario where SSBs are transmitted in SFN mode. Other candidate signals are CSI / TRS signals that can be configured and were mainly designed for beam management and link adaptation / tracking procedures. These signals have configurable bandwidth and periodicity of transmission, however their main purpose is to serve communication framework and thus these signals may not be suitable for positioning measurements and may impose certain constraints on either communication or positioning frameworks. In addition, the configuration of CSI-RS signals is UE specific while for positioning purpose the common configuration of PRS signals in DL may be needed. Therefore design of the new NR PRS signals may be needed and should meet at least the following criteria/properties:
· Configurable transmission bandwidth and allocation in time frequency resources
· Configurable periodicity and transmission duration occasions
· Support of multiple antenna ports and capability of measuring effective MIMO channel
· Large processing gain and link budget (equal or better than for LTE PRS)
· Sufficient degree of randomization and orthogonalization for transmission from multiple TRPs/gNBs
· Unambiguous identification of TRPs/gNBs
· Low UE implementation complexity and power consumption for PRS processing
· Support of UE-specific (for on-demand positioning) and cell-specific PRS configuration
· Good auto and cross correlation properties in the presence of time and frequency offsets / Doppler effect
· Good cross-correlation properties with other NR and LTE signals

Proposal 3: 
Study NR PRS signal designs for NR positioning techniques
Agree on the following properties of NR PRS signal designs
Configurable transmission bandwidth and allocation in time frequency resources
Configurable periodicity and transmission duration occasions
Support of multiple antenna ports and capability of measuring effective MIMO channel
Large processing gain and link budget (equal or better than for LTE PRS)
Sufficient degree of randomization and orthogonalization for transmission from multiple TRPs/gNBs
Unambiguous identification of TRPs/gNBs
Low UE implementation complexity and power consumption for PRS processing
Support of UE-specific and cell-specific (common) configuration
Good auto and cross correlation properties in the presence of time and frequency offsets / Doppler effect
Good cross-correlation properties with other NR and LTE signals

Downlink and Uplink Positioning Methods
For NR positioning, the combination of measurements from UE and gNBs can be used. The LTE E-CID is one example of DL & UL positioning technique where both measurements from gNB and UE side are utilised. The term E-CID is a bit overloaded and does not reflect well the positioning method. For NR positioning, it is likely that enhancement to LTE E-CID functionality can be introduced.
Measurements for Downlink and Uplink Positioning
In case of DL & UL positioning, the round-trip time (RTT) measurements can be enabled. The RTT measurements derived based on the estimation of the timing for the first arrival path can be augmented by angular information (e.g. AOA at gNB side using UL signals and AoD measurements at UE side using DL signals) as well as information from multipath components.


In case of DL & UL positioning, RTT measurements can be augmented by angular information (e.g. UL AoA and DL AoD) as well as additional measurements corresponding to multi-path components

In LTE, the RTT measurements are enabled only to serving eNB that estimates distance towards target UE. At the same time, distance measurements are not directly available at the UE side. 


In case of DL & UL positioning, one of the potential enhancements is to ensure that RTT measurements are available at UE side 

For NR technology, where multiple TRPs can be controlled by one gNB, ranging with multiple TRPs can be considered. The support of RTT measurements with multiple TRPs/gNBs can be especially beneficial in scenarios where multiple geographically distributed TRPs share the same cell ID. Another potential E-CID enhancement is to support RTT estimation at the UE side as well, so that relative distance to TRPs/gNBs can be measured by / available at UE.


In case of DL & UL positioning, RTT measurements can be enabled at UE and gNB side

Proposal 4: 
For DL & UL positioning,
Support ranging measurements (e.g. RTT) with single serving and multiple neighbouring TRPs/gNBs
Support availability of RTT measurements at gNB and UE side
RTT measurement are augmented by at least by DL-AoD and UL-AoA information

Reference Signals for Downlink and Uplink Positioning
For NR E-CID support, the reference signals to be used for DL and UL measurements also need to be analysed, given that there is no CRS signals introduced in NR. One of the possible options is to reuse DL PRS signals for E-CID DL measurements. For UL measurements, sounding reference signals can be considered as a main candidates. On the other hand, in case of DL&UL positioning, the general/unified signal design framework can be applied for DL and/or UL measurements. The unified framework for positioning signals design can be beneficial for future extension to NR sidelink ranging support.

 
It is desirable to have common framework in terms of reference signal design for DL and UL measurements that can be further extended to sidelink in future releases.

Uplink Positioning Methods
Measurements for Uplink Positioning
In case of UL positioning, measurements of signal location parameters are done by gNBs/TRPs. The similar set of signal location parameters as in DL can be estimated. Similar to DL positioning, either received waveforms, first arrival path or channel impulse response information from multiple TRPs can be used. Fundamentally, many of technical challenges are common for DL and UL positioning, e.g. sensitivity to synchronization/calibration errors.
The major drawback of UL positioning comes from total transmit power limit that is ~20dB lower with respect to DL positioning techniques. In addition, DL positioning solutions are clearly more scalable design options, especially if massive number of UEs need to be located.
The major benefit of UL positioning is the enhanced capability to perform AoA measurements at gNB/TRP side, due to typically more powerful spatial processing capabilities (large antenna arrays and known antenna system orientation). It should be noted that AoA measurements can be enabled w/o tight requirements on time synchronization across gNBs/TRPs.

Proposal 5: 
Further analyse benefits of AoA measurements for NR UL positioning methods on top of timing measurements

Reference Signals for Uplink Positioning
The UL sounding reference signals (SRS) is the main candidate signal for NR UL based positioning. It needs to be studied, if any physical layer modifications are needed/beneficial for NR UL positioning performance and whether it is possible to align reference signal design for DL/UL and future sidelink signals.

Additional Considerations On NR Positioning Scenarios
On NR Deployment Scenarios
One of the key NR deployment options is centralized control of multiple geographically distributed transmission reception points (TRPs) sharing the same cell ID and deployed in a given area (e.g. enhanced positioning area). In this scenario it is beneficial to uniquely identify each TRP for measurements of signal location parameters. Another possible deployment option is when each TRP/gNB has its own cell ID and thus each TRP/gNB can be uniquely identified.
Independently of specific deployment scenario, it can be expected that TRPs in enhanced positioning areas are accurately synchronized and UE can detect multiple TRPs in a communication range. In this case UE can do ranging or RTT measurements with multiple TRPs. If TRPs are sufficiently accurately synchronized it is possible to enable TOA based positioning through combination of RTT and RSTD measurements. For instance, if RTT measurement with serving TRP are available, the RTT values for other TRPs can be derived through combination of RTT (with serving TRP) and RSTD measurements with neighbouring TRPs (see Figure 4).
Proposal 6: 
In NR positioning study, consider scenarios with accurate gNB synchronization, including deployment options enhanced positioning areas when multiple transmission reception points (TRPs) share the same cell ID or use different cell IDs.



[bookmark: _Ref525208535]Figure 4: Enabling TOA based positioning through ranging to serving TRP and RSTD measurements with neighbour TRPs

TBS Support
Terrestrial Beacon System (TBS) is one of the attractive methods for user positioning where dedicated carrier or at least set of spectrum resources are allocated solely for the purpose of positioning measurements. A network of ground-based transmitters (TBS) broadcasting signals for geo-spatial positioning with wide-area or regional coverage may utilize NR PRS-signals for NR positioning, especially DL positioning methods.

Proposal 7: 
Consider support of TBS or dedicated carriers for NR DL positioning by introducing NR PRS signals for estimation of signal location parameters by UE

Summary on NR Positioning Techniques
In this section, we summarize our views on NR positioning discussion and measurements that can be considered for further analysis in NR positioning study item as an enhancements to LTE RAT-dependent solutions (please refer to Table 1).
[bookmark: _Ref525387048]Table 1: Candidate enhancements to RAT dependent NR positioning techniques
	Downlink Techniques
	Uplink
	Downlink + Uplink

	Baseline: DTDOA
· DL RSTD + RSRP/RSRQ
Candidate Enhancements:
· UE received waveform report
· Utilization of multi-path components
· Timing information
· First arrival path
· AoD information for the first arrival path (i.e. beam detection)
· NR PRS design
	Baseline: UTDOA
· UL RSTD + RSRP/RSRQ
Candidate Enhancements:
· TRP received waveform report
· Utilization of multi-path components
· Timing information
· AoA information

	Baseline: E-CID
· RTT/2 + AoA of serving TRP
Candidate Enhancements:
· RTT/2 + AoA: extension to multiple TRPs at least in shared cell ID scenario
· RTT/2 (serving TRP) + RSTD (neighbour TRPs)
· Utilization of multi-path components
· Timing information
· NR PRS design



 Support of UE Based Positioning
One of the topics that need to be separately discussed for cellular positioning is where position estimate of UE is computed. There are two main options:
Network-based positioning. In this case, UE coordinate is estimated at network side based on measurements of signal location parameters reported by UEs and gNBs/TRPs to network entity for location estimation.
UE-based positioning. In this case, UE coordinate is estimated at UE side based on measurements and assistance information from network side.
The network based positioning is one of the traditional approaches used in cellular systems and should be supported for NR positioning. On top of that, considering emerging commercial use cases, the support of UE based positioning can be also beneficial for overall NR system. The NR DL UE-based positioning is a very scalable design option that can provide low UE power consumption and thus should be considered by RAN1 as one of the NR design options.

Proposal 8: 
RAN1 to analyse benefits of UE-based positioning and enable it jointly with the network based NR positioning 

 Conclusions
In this contribution, we provided initial views on NR positioning techniques and design enhancements. We observe that technology has multiple technical components beneficial for positioning performance. In summary, we have following proposals:

Proposal 1: 
Reporting of the received signal waveform is considered as a candidate technique to boost performance of NR positioning techniques (e.g. DL positioning)
Further study mechanisms to support reporting of the received waveforms
First arrival path measurements of signal location parameters are supported
Further study techniques to detect whether link b/w given transmitter and receiver is LOS link (i.e. has LOS component)
Further study benefits of utilizing multi-path channel impulse response components for NR positioning (e.g. timing or angular information derived from multipath components, etc.)
Proposal 2: 
Support the first arrival path timing estimation and RSTD measurements for NR DL positioning
Study implications of TX and RX beam sweeping on NR positioning performance and RSTD measurements in particular
Further study benefits of additional DL measurements aiming to extract DL AoD information for NR positioning, considering possibility of the beamforming at gNB and UE side
Proposal 3: 
Study NR PRS signal designs for NR positioning techniques
Agree on the following properties of NR PRS signal designs
Configurable transmission bandwidth and allocation in time frequency resources
Configurable periodicity and transmission duration occasions
Support of multiple antenna ports and capability of measuring effective MIMO channel
Large processing gain and link budget (equal or better than for LTE PRS)
Sufficient degree of randomization and orthogonalization for transmission from multiple TRPs/gNBs
Unambiguous identification of TRPs/gNBs
Low UE implementation complexity and power consumption for PRS processing
Support of UE-specific and cell-specific (common) configuration
Good auto and cross correlation properties in the presence of time and frequency offsets / Doppler effect
Good cross-correlation properties with other NR and LTE signals
Proposal 4: 
For DL & UL positioning,
Support ranging measurements (e.g. RTT) with single serving and multiple neighbouring TRPs/gNBs
Support availability of RTT measurements at gNB and UE side
RTT measurement are augmented by at least by DL-AoD and UL-AoA information
Proposal 5: 
Further analyse benefits of AoA measurements for NR UL positioning methods on top of timing measurements
Proposal 6: 
In NR positioning study, consider scenarios with accurate gNB synchronization, including deployment options enhanced positioning areas when multiple transmission reception points (TRPs) share the same cell ID or use different cell IDs.
Proposal 7: 
Consider support of TBS or dedicated carriers for NR DL positioning by introducing NR PRS signals for estimation of signal location parameters by UE
Proposal 8: 
RAN1 to analyse benefits of UE-based positioning and enable it jointly with the network based NR positioning 
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Annex A: Study on Positioning Use Cases
In this section, we provide summary of the 3GPP SA1 WG study on positioning use cases [2]. The Table 2 is reproduced in this document for convenience.
[bookmark: _Ref524876213]Table 2: Overview of grouped use cases and requirements (UE type, Accuracy & Environment of use)
	Type of UE
	Related 
Use cases
	KPI
	Service area – environment of use

	
	
	
	Enhanced positioning area
	5G positioning service area

	
	
	
	Outdoor / Indoor
	Outdoor (rural, suburban)
	Outdoor
(deep urban)
	Indoor

	Very Low Energy 
(up to 15 years lifetime)
	Waste Management
Asset tracking and management"
	Horizontal 
	1m
	3m - 30 m
	3m - 30 m
	

	
	
	Vertical 
	
	
	
	

	
	
	Velocity (bearing)
	
	5m/s
	5m/s
	

	
	
	Availability
	99%
	99%
	99%
	

	
	
	TTFF
	10s
	
	
	

	Handheld / 
wearables
	Bike Sharing
Augmented Reality
Wearables
Advertisement push
Flow management
Patient Location (2)
Emergency Call
	Horizontal
	0.2m - 1m
	1m - 3m
	1m - 3m
	10m - 50m

	
	
	Vertical 
	Outdoor:1-3 m
Indoor: 0.1-1 m
	3m
	3m
	0.1 – 3 m

	
	
	Velocity (bearing)
	
	2m/s (10deg.)
	2m/s (10deg.)
	

	
	
	Availability
	80 % - 99%
	80% - 99%
	80% - 99%
	0.95

	
	
	TTFF
	10s - 30s
	10s - 30s
	10s - 30s
	10s - 30s

	Machine Control / Transportation
	Trolley
Traffic M&C
Road User Charging
UAV (Data Analysis)
UAV (Remote Control)
Support multiple different location services
	Horizontal 
	0.1m - 0.5m
	0.1m - 3m
	1m - 3m
	

	
	
	Vertical 
	0.1m
	0.1m - 0.3m
	2.5m
	

	
	
	Velocity (bearing)
	
	0.5m/s (2 deg) - 2m/s
	0.5m/s (2 deg) - 2m/s
	

	
	
	Availability
	99% - 99.9%
	95% - 99.9%
	95% - 99.9%
	

	
	
	TTFF
	1s - 10s
	1s - 10s
	1s - 10s
	

	Colour legend

	
	Very high accuracy use cases in favourable environment of use: either enhanced positioning areas or outdoor environments with limited signal obstruction. This group features accuracy levels below 0.2 m, expected for relative positioning services, during rendezvous phase between two UE standing in close range of each other (< 5 m).

	
	High accuracy use cases, with less demanding availability (e.g. 90%) or facing outdoor or enhanced positioning areas.

	
	Use cases for which accuracy targets are relaxed to fulfil challenging requirements such as high availability throughout the 5G positioning service area or very low energy consumption (e.g. to sustain a 15-years lifetime)



Annex B: NR Positioning Requirements
As we discussed in our companion contribution [5], the NR technology faces diverse requirements in terms of user positioning (please refer to Annex A - Table 2). The key performance requirements such as positioning accuracy (horizontal and vertical), time to first fix, latency, capacity/scalability, range, and power consumption are heavily dependent on specific location applications and deployments. It was observed that many of commercial use cases have more stringent positioning requirements comparing to regulatory use cases and some of them demand sub-meter level of positioning accuracy and target latency which is well below one second. In [2], enhanced positioning areas are defined as a subset of the 5G positioning service area that is assumed to be provided with additional infrastructure or deploy a particular set of positioning technologies to enhance positioning services. This somewhat implies that the most strict positioning performance targets are heavily dependent on deployment considerations as well as utilization of RAT-independent solutions, so that overall NR positioning system meets stringent performance targets.

Annex C: Key Enablers for Enhanced NR Positioning
There are several attributes of NR technology that makes it promising to provide accurate cellular based positioning. In particular, we see benefits from utilizing the following NR system components:
Wide system bandwidth
· This is one of the key attributes for positioning solutions relying on timing measurements. The accuracy of timing measurement is inverse function of the signal bandwidth. Considering that up to 100MHz and 400MHz system bandwidth is supported in FR1 and FR2 bands respectively, the performance bounds for positioning accuracy can be improved dramatically. In addition, aggregated carriers can be considered to further enlarge available bandwidth and boost positioning performance. As of today up to 400MHz intra-band contiguous CA is supported.
Massive MIMO and antenna arrays
· Antenna arrays and beamforming can bring additional benefits on top of timing based solutions by exploiting spatial/angular dimension. Information on angles of arrival and departures can be used to provide extra information to assist more accurate user positioning.
Network densification and cloud processing
· Densification of cellular networks is another deployment specific factor that can help to boost positioning performance. In combination with edge or cloud computing processing capabilities it is feasible to apply advanced super-resolution algorithms to accurately measure signal location parameters even in case of relatively narrow-bandwidth transmissions.
Multiple RATs
· The first release of NR technology supports DL/UL transmissions, while SL is expected to be enabled in R16. Information from all links can be used for the benefits of user positioning. The sidelink air-interface is out of scope of the R16 study on NR positioning and can be considered as a powerful tool for positioning in future releases.
Multi-band operation
· Support of signal processing in low (FR1) and high (FR2) frequency bands can be utilized and used to improve positioning performance.
Utilization of RAT independent solutions
· Fusion of measurements or location information from multiple technologies is always beneficial for accurate positioning. NR technology can accumulate information from multiple RAT-independent solutions to improve positioning performance.


Figure 5: Key enablers for enhanced NR positioning
In the next sections, we discuss enhancements for RAT-dependent solutions that can be considered for NR positioning.
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