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1. Introduction
At RAN#81 the latest version of the study item on NR Positioning was revised and approved [1]. Besides native NR positioning methods (e.g., OTDOA) and prioritization of regulatory use cases, the study item will address positioning solutions suitable for commercial services too i.e., RAT-independent and various hybrid positioning schemes. 

In the context of NR positioning capabilities, the support for commercial use cases needs further thinking as suggested by one of the SID´s main objectives:
· This SI covers RAT dependent, RAT independent, and hybrid of those positioning technologies (hybrid of RAT-dependent positioning techniques as well as hybrid of RAT-dependent and RAT-independent positioning technologies). This study item will study both NR-based RAT-dependent as well as RAT-independent and hybrid positioning methods to address regulatory as well as commercial use cases.
More specific, RAN2 and RAN3 have the task to study the positioning architecture for location services, functional interfaces, protocol and procedures for supporting NR dependent positioning technologies and also with the objective of having a common architecture with IoT and hybrid positioning. When developing the positioning architecture, the starting point will be Rel-15 NR positioning architecture/protocol while taking into account the Release 16 LCS architecture enhancement study in TSG SA [2]. 
Complementary to the ongoing work of RAN1 on RAT-dependent, the purpose of this document is to suggest relevant improvements in the area of positioning protocols and architecture by building on top of the work done in Rel-15 for LTE and NR. 
2. Discussion
2.1. NR Positioning Requirements and Service levels
Regulatory as well as commercial use cases positioning requirements are defined in TR 38.913 [3], TS 22.261 [4], TR 22.872 [5] and TR 22.804 [6] while considering E911 [7] requirements. Today, support for regulatory use cases is already included in NR Rel-15 using the LTE Positioning Protocol (LPP) [8] and enhanced via NRPPa [9] when applicable while the support for commercial use cases is not entirely clear. 
The positioning requirements linked to the numerous commercial use cases, spread across the TRs and TSs listed above, were organized by SA1 in 5G Positioning Service levels. These higher-accuracy positioning service are organised in TS 22.261 [4] as follows: 6 levels for absolute positioning (of which 2 correspond to low latency services), and 1 level for relative positioning. These positioning service levels aim to cover different service areas (including enhanced service areas) under different environment conditions (outdoor, tunnels and indoor) with accuracy requirements starting at 10 m and going down to 0.2 m and satisfying availabilities between 95% and 99.9%. 
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Figure 1. 5G Positioning Service levels as defined in TS 22.261
The agreements reached at RAN1#94b [10] have classified the different types of requirements within the NR positioning study item. Thus, the regulatory requirements are considered as a minimum performance targets for NR Positioning studies, while additional requirements based on commercial use cases will be used as input performance targets that are subject to further analysis in terms of performance/complexity trade-offs in different evaluation scenarios. More concrete, at RAN1#94b [10] is has been agreed:
	· 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.


2.2. Rel-15 NR Positioning features

According to [1], Rel-15 NR devices and NR system architecture will support the full scope of LPP for positioning functionality. In other words, the standard positioning methods supported for NG-RAN access are:

· Network-assisted GNSS methods

· OTDOA

· Enhanced cell ID methods

· Barometric pressure sensor positioning

· WLAN positioning

· Bluetooth positioning

· TBS

Agreements during RAN2#99 would imply then that Rel-15 NR devices should support even the extensions added to A-GNSS and OTDoA during Rel-15 LTE [11] though it seems that TR 38.805 is still not updated. A quick glance at the performance of the LPP methods can immediately reveal that the currently available LTE positioning technologies can meet the E911 requirements in about 90% given that some very sensitive assumptions hold true e.g., perfect network time synchronisation [12]. While not available indoor, the high-accuracy GNSS can provide position information as accurate as few centimetres when UE is in open sky conditions and has the potential to meet many of the positioning targets linked to the 5G Positioning Service levels (Figure 1).
2.3. Rel-16 NR Positioning: potential positioning technologies for NR standalone
2.3.1. RAT-dependent methods
Cellular based positioning technologies provide a mechanism to assist the calculation of the geographical position of a UE by leveraging Radio Access Network (RAN) signals and protocols. A Core Network (e.g., LTE) is necessary to support these positioning methods. RAT-dependent positioning technologies are mainly based on enhanced cell ID (E-CID), downlink and uplink methods. 
Cell ID is the most popular positioning method in cellular networks but its performance is not always useful, especially in the context of commercial applications where accurate location information is a critical enabler. With the provision of additional information (cell sector, Round Trip Time, etc.) the accuracy of this cell coverage method can be improved. However, this augmented method, known as enhanced cell-ID, is still characterized by coarse accuracy achieved. The signals used for OTDoA, a trilateration method specified in LTE, have high configurability in terms of power, time and frequency allocation, including muting patterns to reduce inter-cell interference. Nevertheless, LTE OTDoA positioning is impaired by several ranging errors: coverage, inter-cell interference, multipath and synchronization. In case narrowband signals are used the multipath impact is more severe due to the small bandwidth allocated to the signals [13]. The uplink positioning method (UTDoA) is affected by the total transmit power limit that is ~20dB higher for DL positioning techniques and less fitness to a scalable service.

Several attributes of NR can have a positive impact on the performance of network based positioning: optimized waveforms, wide system bandwidth, massive MIMO and antenna arrays, high-density networks, multiple RATs, mmWave, and utilization of RAT independent solutions [14]. The exploitation of these features is expected to result in new standard signal measurements and positioning methods such as angle of arrival (AoA), angle of departure (AoD) or carrier phase positioning.  Potential RAT-dependent methods have been presented in RAN1#94bis, such as in [14], [15] and [16]. The exploitation of MIMO antennas and mmWave radio access is expected to achieve very high-accuracy positioning, as it has been analytically studied in [17] and [18] with the Cramer-Rao Lower Bounds. These techniques can even enable single-BS positioning based on AoA measurements at gNB/TRP side, due to typically more powerful spatial processing capabilities (large antenna arrays and known antenna system orientation) and no need for tight time synchronization among gNBs/TRPs. However, these NR features, especially mmWave technology, are expected to be limited to optimized small cell deployments with a reduced coverage.
2.3.2. GNSS positioning methods
In relation to 3GPP, the GNSS positioning methods can be split into two groups: methods included and methods not included in any 3GPP specifications. From the first category, it´s worth to mention A-GNSS, RTK, Network – RTK, and PPP. A-GNSS has been present in 3GPP specs starting with Release 9 while the high-accuracy techniques have been added only in Release 15 as part of the UE positioning enhancements in LTE [8] and [19].
The state-of-the-art GNSS technique, not yet standardised in any 3GPP specifications, is a synthesis of the known PPP and N-RTK technologies, also called PPP-RTK [20], PPP-AR or Fast PPP [21]. The objective of PPP-RTK is to overcome the limitations of PPP in terms of convergence time and of N-RTK in terms of the number of stations in the required network. With a less dense network (less than RTK) the atmospheric GNSS effects can be modelled allowing to compute state space information for the GNSS errors (instead of using observation space information like in RTK), so it can be distributed to users in real-time. As a consequence, users are capable to resolve ambiguities in real-time and to achieve an accuracy level similar to RTK.

GNSS is the primary, and in many cases, the sole means of supporting many critical infrastructure segments worldwide. When combined with an augmentation correction service, GNSS has the potential to meet even the most demanding positioning targets, here set at 0.3m. RTK, as a high-accuracy GNSS method, can satisfy this condition even in urban areas though the availability will be significantly lower than 99% [5].

Table 1.  GNSS Positioning Techniques [22], [23].
	Use Case
	Environment
	GNSS Positioning Technologies  [Horizontal Positioning Error]

	
	
	Standard GNSS (Assisted Hybrid GNSS/INS)
	PPP+IMU
	RTK/NRTK + INS
	PPP-RTK

	High Accuracy
	Open/Rural
	4.5 m (95%)
	< 30 cm (95%)
	1-3 cm

	
	Deep Urban
	~11 m (95%)
	< 7 m (95%)
	Availability: ~85% (GPS) ~90%(two constellations)

Accuracy (when available): 1m RMS


Observation 1. 
High-accuracy GNSS (RTK, N-RTK, PPP, etc.) is a potential solution for 5G Positioning Service targets in rural and sub-urban areas. 

Observation 2. 
High-accuracy GNSS methods are already included in LPP starting with Rel-15. However, it is still unclear whether Rel-16 NR positioning should be based on LPP or a new protocol needs developing. Regardless of the decision on the best way forward for the protocol design, the NR devices would benefit from the inclusion of HA-GNSS in Rel-16 NR positioning services.

Proposal 1 Rel-16 NR devices and NR System Architecture shall support the HA-GNSS techniques included in LPP during LTE Rel-15 as one RAT-independent positioning solution.  

2.3.3.  Hybridization between GNSS and 3GPP positioning technologies 
One of the analysis presented in [5] concluded that there is no single technology capable to meet all positioning targets associated to commercial use cases. Therefore, there is a need to mitigate the vulnerabilities associated with the reliance on any of the positioning methods listed above. In addition, as it can be seen from Figure 2, high accuracy positioning is not yet available in deep urban and indoor environments, especially at availabilities required in the 5G Positioning Service levels. Based on the aforementioned analysis, it is recommended that commercial services implement one or more positioning technologies, each with dissimilar shortcomings. Hybrid positioning techniques enables the combination of two or more positioning technologies. Benefits of such approaches allow for optimal, complementary positioning performance in terms of the key requirements defined in [4] and illustrated in Figure 1. Even when combining existing technologies, some very demanding accuracy targets are not met and this requires new positioning technologies, for instance based on NR. This leaves room for NR to fill the gaps for high accuracy in indoor and deep urban environments, as well as to cover very high accuracy positioning and relative positioning in enhanced positioning coverage. Therefore, the 5G System will have to integrate a multitude of sensors and technologies (both 3GPP and non-3GPP) into a hybrid positioning scheme.
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Figure 2. Horizontal position accuracy of standard location methods [24].
Observation 3. 
It is very important to increase the redundancy and availability of the location information by including additional positioning technologies and sensors in the NR positioning protocol and services. 
Observation 4.
LTE can already enable lose (position information level) and tight integration (measurement level) between 3GPP and non-GPP technologies (e.g., GNSS) based on the Request/Provide Location Information and Request/Provide Assistance Data LPP messages. Of course, how the information inside these messages is used at UE side or in the network is an aspect related to implementation and, thus, outside 3GPP scope.
Proposal 2 Similar to LTE, the positioning protocol and system architecture used for Rel-16 NR Positioning shall support hybrid localization based on concurrent provision of measurements, assistance data and/or location estimates to the LMF and/or UE.
3. Conclusion

Observation 1. 
High-accuracy GNSS (RTK, N-RTK, PPP, etc.) is a potential solution for 5G Positioning Service targets in rural and sub-urban areas. 

Observation 2. 
High-accuracy GNSS methods are already included in LPP starting with Rel-15. However, it is still unclear whether Rel-16 NR positioning should be based on LPP or a new protocol needs developing. Regardless of the decision on the best way forward for the protocol design, the NR devices would benefit from the inclusion of HA-GNSS in Rel-16 NR positioning services. 
Observation 3.       It is very important to increase the redundancy and availability of the location information by including additional positioning technologies and sensors in the NR positioning protocol and services.
Observation 4. 
LTE can already enable lose (position information level) and tight integration (measurement level) between 3GPP and non-GPP technologies (e.g., GNSS) based on the Request/Provide Location Information and Request/Provide Assistance Data LPP messages. Of course, how the information inside these messages is used at UE side or in the network is an aspect related to implementation and, thus, outside 3GPP scope.
Proposal 3 Rel-16 NR devices and NR System Architecture shall support the HA-GNSS techniques included in LPP during LTE Rel-15 as one RAT-independent positioning solution.  
Proposal 4 Similar to LTE, the positioning protocol and system architecture used for Rel-16 NR Positioning shall support hybrid localization based on concurrent provision of measurements, assistance data and/or location estimates to the LMF and/or UE.
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