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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
One of the objectives of the SI in [1] is to evaluate potential positioning technologies based on identified requirements and evaluation scenarios. The solutions should include NR-based RAT-dependent positioning technologies that operate both in FR1 and FR2. This should, however, not preclude other positioning technologies (RAT-independent techniques) to be investigated as a part of this SI.
In this contribution, we provide an overview of measurement principles and potential technologies that need to be assessed for positioning using NR. Technologies that are already standardized as a part of the LTE system like the OTDOA, UTDOA and eCID serve as evaluation baseline. These technologies form benchmarks for performance evaluation against other potential new solutions being discussed within the framework of NR positioning. The relevance of other potential solutions depends on the discussion of relevant scenarios and their associated requirements, which are currently being discussed in parallel.

Positioning Technologies
[bookmark: _Toc473106403][bookmark: _Toc473290988][bookmark: _Toc474311529][bookmark: _Toc479008693][bookmark: _Toc479870188][bookmark: _Toc493767378]Overview of measurement principles and positioning influencing factors
Positioning solutions using radio signals can be broadly grouped into three major categories based on the parameters of the radio signal, which are utilized for positioning. The first category uses the strength of the radio received signal, the second category is based on the propagation time and the third category employs the direction of arrival of radio signals. The aim of this section is to provide a high level overview of these principles and to discuss the relative merits and demerits.
It is important to note that the LTE network and the NR network will coexist for a considerable duration of time in the future. Therefore, the features relevant for positioning need to be identified and the network and the UEs have to extract the features that could possibly be used.

Received Signal Strength (RSS) based estimation
The received signal strength is a function of channel gains and the transmitter power. In general, the channel gain consists of a deterministic component, where the channel gain decreases exponentially with the distance and a probabilistic component, which models the shadowing. Shadowing obeys a log-normal distribution and there is a spatial correlation between closely located UE positions. Furthermore, the RSS measurements suffer from fast fading due to multipath propagation. Averaging mitigates fast fading effects, e.g. in the frequency domain in terms of a large bandwidth and in time by temporally extended measurement periods for moving UEs.
Enhanced Cell-ID is a positioning technique defined in Rel-9 of LTE specification, which utilizes this measurement principle (among other like TA), i.e. the distance dependent channel gains. The UE reports RSRP and RSRQ of the serving cell and the neighbor cells which setup the basic measurements to perform positioning with this approach. A coarse estimate of distance of UE from the BS can be made by measuring the RSRP on the serving cell. However, the distance estimates give a very coarse estimation because of log-normal shadowing, which cannot be analytically solved.
Another general technique based on received signal strength is the fingerprinting approach, where fingerprints are generated at known location and the receiver position is computed based on proximity to a set of fingerprints. The fingerprinting technique is an effort intensive process (with regard to obtaining and maintaining the fingerprint) and subject to variations in the surroundings.
It should be noted that the overall channel gain consists of channel gain of the propagation channel and the gains arising from transmitter and receiver precoding gains, i.e. the transmitter array and/or receiver array apply beamforming. A wrong assumption on the used precoder leads to significant error in distance estimate. Similarly, a mismatch of the antenna polarization of the measuring and transmitting antenna can reduce the RSS estimates as well as an obstructions of the direct path e.g. due to the human body. 
The RSS based approaches provide in general a simple alternative solution when the requirements of timing or direction based approaches cannot be fulfilled. The performance potentially benefits from the network densification in NR and the additional information gained from multiple beams and measurements at different frequencies.
In addition, RSS-based approaches could be combined with machine learning. Furthermore, interaction between beam switching, radio resource management (power and bandwidth allocation) would be interesting to be investigated. Furthermore, architecture options (whether to develop a concept for RSS-based approaches for UE-based or UE-assisted solutions) and associated signaling needs to be investigated.
Proposal 1: RSS-based solutions and their impact to the NR technology to shall be considered.

Timing Based Estimation
The most common methods for obtaining position estimates using timing based measurements are based on multilateration, e.g. TOA and TDOA approaches. The accuracy for timing based estimation depends primarily on the achievable resolution in estimating the signal time of arrival, the time synchronization and the deployment scenario.
In LTE, the timing advance measurement is the simplest of the timing based solutions as it is already available and necessary to achieve uplink synchronization. Another approach is to measure the Round Trip Time (RTT). The principle of this procedure is to measure the time passed from sending a request signal until the reply arrives. The impact of synchronization issues is low compared to other timing based positioning methods, whereas movement can introduce inaccuracies. A more precise measurement of the position can be obtained by simultaneously measuring timing from multiple synchronized eNBs (TDOA). In addition in LTE, observed time difference of arrival (OTDOA) in the downlink and UTDOA for the uplink case are specified. The OTDOA technique estimates the TDOA based on the positioning reference signals (PRS), while UTDOA relies on sounding reference signal (SRS) transmitted by the UE.
Within NR, it can be expected that the TDOA approach achieves higher accuracy levels than LTE for most scenarios by utilizing a wider bandwidth and realizing higher redundancy in dense deployments (more measurements possible). Still, the advantages due to relaxed synchronization needs motivate us for considering RTT in the evaluation phase of the study item. In order to enhance the measurement accuracies of timing estimates between multiple gNB – UE pairs, the impact of aggregating component carriers (to achieve higher bandwidth) from the same gNB and from different gNBs on timing estimation should be studied. 
In a dense deployment scenario, processing the timing estimates using all available TRPs could provide accurate position estimate in a minimum mean square error sense. However, this would have implications on the required processing power. Investigations of quality parameters may help to exclude certain measurements or provide an adapted weight to contribute to a certain measurement. The nature of the quality of measurement should be investigated as a part of the study item. Potential reference signals that could be additionally provided in addition to existing ones and their associated signaling and coordination also needs to be investigated.
On the other side, the extensive use of beam forming may also highly impact the number of available links useful for timing-based positioning. In this context, the width of beams for positioning signals and associated beam management needs to be studied.
Proposal 2: For timing-based approaches, the number of available time measurements from different links has an impact on the performance. The handling of multiple measurements with respect to quality indication, selection and post-processing shall be studied.

Direction based Estimation
Two kinds of direction estimates exist: the more common direction of arrival (DoA) and the direction of departure (DoD). Usually, DoA estimation is preferred as it does not require a feedback transmission, which is undesired due to latency and channel usage. However, DoD estimation may become wanted in some use cases and it emerges as a side information from beam acquisitions. Additionally, since the orientation of the UE is, in general, unknown, the direction is only estimated for the base station (DoA in the uplink and DoD in the downlink) in most cases.
Direction based estimates require multi-antenna systems, which are intended to be used in almost all areas covered by NR. The resolution and the achievable accuracy depends on the number of antennas in the dimension at hand (e.g. M antennas for the azimuth angle and N antennas for elevation/zenith angle estimates). An incoherent subdivision into panels ( and ) with lost coherence between the panels may well reduce estimation accuracy and resolution.
In their most common implementation (full digital beamforming), they are based on coherent receiver (or transmitter) chains up to the ADC together with a joint digital processing unit. Hybrid designs should exploit the (analog) RX beam scheduling in order to have the transmitting UE in the main lobe of the analog beam.
Since real antennas are far from ideal with respect to their antenna characteristics, the estimator should consider those as far as they are known. Antennas may be calibrated at design time, prior to installation, and after deployment. Also regular updates may be considered. In the presence of strong and dense multipath many direction estimators will provide strongly erroneous, biased estimates due to multiple coherently received signals. For NLOS scenarios, a DoA measurement may detect a multipath signal with limited correlations to the real DoA.
With respect to positioning one must note that the impact of an error in the angle estimate increases approximately linearly with the distance. The resulting linearized tangential position error yields  for small angle estimation errors .
Proposal 3: Within NR positioning, the accuracy of DoA/DoD based methods shall be mainly for LOS conditions. This shall also take into account antenna imperfections of antennas that are typical for types of NR TRPs.
Proposal 4: For NLOS conditions, the probability of a false detection caused by strong multipath components arriving from an angle different from the UE position shall be evaluated. Related quality indicators shall be identified useful to mark false measurements as invalid.

In Table 1 the properties for the measurement principles are summarized in association with the listed influencing factors. It can be concluded that optimum positioning solution depends on the environment, system constraints and performance targets.

	
	Impact of small signal bandwidth
	Impact of network synchronization
	Impact of multipath

	Impact of antenna imperfections
	Impact of channel fading
	Impact of network architecture
	Typical achievable accuracy

	RSSI
	Moderate
	Low
	Moderate
	Low
	High
	High
	Low

	TDOA
	High
	High
	High
	Low
	Moderate
	High
	High

	RTT
	High
	Low
	High
	Low
	Moderate
	Moderate
	High

	Direction based estimation
	Low
	Low
	High
	High
	Moderate
	Moderate
	High


Table 1- Overview of the properties of common measurement principles for positioning

NR-RAT-dependent positioning techniques
[bookmark: _Toc473291017][bookmark: _Toc474311564][bookmark: _Toc479008731][bookmark: _Toc479870226][bookmark: _Toc493767411]The current SI for NR positioning should extend the performance evaluation methodology carried out for LTE Release 13 in [2]. Applying NR features to the predefined positioning schemes OTDOA, UTDOA, DoA, and DoD as well as eCID is a logical next step. The reported accuracies from [2] are expected to be significantly enhanced considering the increased bandwidths and the enlarged antenna configurations for beamforming. Nevertheless, the requirements in terms of accuracy, latency and system complexity targeted in the positioning requirements from SA1 in [3] are unlikely to be achieved with RAT-only technologies.
For NR, the enhancements can be split into two parts
· Enhancements resulting from modified air-interface characteristics (higher bandwidth, for example)
· Other deployment circumstances (smaller cell size, TRPs with narrow beams installed at higher height resulting in higher probability of LOS)

Proposal 5: The gain with respect to positioning performance resulting from modified deployment scenarios compared to known scenarios from e.g. [2] shall be estimated.

The following technologies or enhancements should be taken into account within the evaluation:

NR-TDOA: The analysis for uplink and downlink TDOA needs to be carried out in terms of accuracy, availability, latency and UE complexity factors for both FR1 and FR2. The bandwidth, antenna configuration, beamforming and deployment are the main parameters that enhance the positioning accuracy. As a starting point, analyze the applicability of the existing NR reference signals for positioning applications. 

NR-RTT: With the round trip time approach, infrastructure synchronization is not a pre-requirement. For scenarios where synchronization is not preferable or applicable, RTT provides an alternative to TDOA. NR-RTT should surpass the limitations of the Timing Advance method used in eCID. RTT measurements can either serve TOA positioning or be combined with directional information to enable a single TRP to be a single location source.

NR-Direction-based: A larger number of antenna elements per spatial dimension (azimuth or zenith) enables more accurate angle estimates for the associated DoA and DoD. In addition, the hardware complexity and calibration considerations should be studied.

NR-Hybrid-RAT-dependent solutions: Several options can be applied based on scenario, available configurations and targeted accuracy:
· Single TRP: single anchor solutions enable positioning for scenarios where redundant infrastructure cannot be guaranteed. TRPs equipped with 2D antenna arrays are able to estimate both the elevation and azimuth of a received signal. Together with the distance information derived from the RTT measurements, the UE position can be derived.
· NR-Fingerprinting: the performance with fingerprinting becomes more accurate and robust for short range and dense deployments. This is relevant for example within scenarios similar to mixed-office-environment where the LOS probability with multiple TRPs is pretty low. The basic approach is to apply fingerprinting on the signal strength information. Advanced fingerprinting makes also use of additional measurements like CIR or angular information.
· Others: additional RAT-dependent hybrid approaches 

As a conclusion, within NR new combinations of technologies may become relevant.
Proposal 6: Different combinations of RAT-dependent technologies shall be studied.

Conclusion
[bookmark: _GoBack]For the potential NR positioning technologies we have the following proposals:
Proposal 1: RSS-based solutions and their impact to the NR technology to shall be considered.
Proposal 2: For timing-based approaches, the number of available time measurements from different links has an impact on the performance. The handling of multiple measurements with respect to quality indication, selection and post-processing shall be studied.
Proposal 3: Within NR positioning, the accuracy of DoA/DoD based methods shall be mainly for LOS conditions. This shall also take into account antenna imperfections of antennas that are typical for types of NR TRPs.
Proposal 4: For NLOS conditions, the probability of a false detection caused by strong multipath components arriving from an angle different from the UE position shall be evaluated. Related quality indicators shall be identified useful to mark false measurements as invalid.
Proposal 5: The gain with respect to positioning performance resulting from modified deployment scenarios compared to known scenarios from e.g. [2] shall be estimated.
Proposal 6: Different combinations of RAT-dependent technologies shall be studied.
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