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1. Introduction
The study item on NR positioning, approved in RAN#80 [1] and revised in RAN#81 [2], is aimed at evaluating the potential solutions to fulfil the NR positioning requirements. NR-based RAT-dependent, RAT-independent and hybrid technologies are studied to address the positioning requirements of regulatory and commercial use cases, as agreed in RAN#94bis [3]:
· Regulatory requirements are considered as a minimum performance targets for NR Positioning studies. [...]
· Horizontal positioning error <= 50m for 80% of UEs
· 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. [...]
· 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
These positioning requirements are assessed for the following evaluation scenarios [3]:
· Scenario 1. Indoor Office for FR1 and FR2 (Open office and Mixed Office)
· Scenario 2. UMi street canyon for FR1 and FR2 (ISD 200m)
· Scenario 3. UMa (ISD 500m, TBD: ISD > 500m) for FR1 only (Macro cell only deployment scenario)
The evaluation methodology is based on these three scenarios, by taking as a reference TR 38.901 [4] and TR 38.802 [4]  for Scenario 1 and 2, and TR 37.857 [6] for Scenario 3. This methodology ensures the same simulation conditions for relative comparisons between different RAT-dependent technologies. However, the results of these simulations are not intended to be considered as the expected positioning performance of RAT-dependent techniques in real scenarios. 
The objective of this document is to address the suitability and representativity of the agreed evaluation methodology. This methodology includes several aspects that may prevent the use of the simulation results as a realistic performance assessment of the RAT-dependent technologies. This document highlights these considerations and discusses the applicability of the agreed evaluation methodology in real scenarios. This is especially relevant for Scenario 3 with UMa-only deployments targeting E911 regulatory requirements. This discussion also addresses the applicability of the simulations results in the assessment of RAT-dependent, RAT-independent and hybrid positioning methods.  
2. Discussion
This section discusses the main considerations of the RAT-dependent evaluation methodology, with respect to real deployments. These considerations are based on the simulation assumptions referring to the RAT-dependent positioning capabilities, the network deployments and the channel models.
2.1. 3GPP RAT-dependent positioning capabilities
Cellular networks are designed to fulfil communications requirements over urban and rural areas. This large cellular communication infrastructure is then reused for positioning purposes, being positioning typically considered an optional feature of the cellular network. This limits the positioning capabilities of RAT-dependent methods, and leads to invest on additional infrastructure, in order to improve the localization capabilities of the network [7]. As an example, the fulfilment of regulatory E911 positioning requirements mandated by FCC has led network operators to enhance their infrastructure, e.g. with tight network synchronization, in order to support accurate OTDoA PRS positioning. Thus, the additional infrastructure required in certain positioning methods has limited their deployment and exploitation.
This trend is expected to change in 5G, because its advanced NR features can boost the cellular-based positioning capabilities without additional investments. The 5G technology is envisaged to provide intrinsic features to notably enhance the achievable positioning capabilities of future cellular networks [7], such as ultra-wideband dedicated signals, tight network synchronization, ultra-high density of BSs, narrow beam transmission, and the tight integration of RAT-independent technologies. However, only certain coverage areas are expected to adopt these advanced NR features that enable high-accuracy positioning. In this sense, two services areas should be distinguished as proposed in [8]: 
· 5G positioning service area: a service area where positioning services would solely rely on infrastructure and positioning technologies that can be assumed to be present anywhere, where 5G is present (e.g. a country-wide operator-supplied 5G network, GNSS, position/motion sensors). This includes both indoor and any outdoor environments.
· 5G enhanced positioning service area: a subset of the 5G positioning service area that is assumed to be provided with additional infrastructure or a particular set of positioning technologies to enhance positioning services. The enhanced positioning service area represents, for example, a factory plant, a dense urban area, an area along a road or railway track, a tunnel and covers both indoor and outdoor environments.
The communications-driven deployments over 5G positioning service areas are expected to only fulfil regulatory requirements, while optimized deployments over 5G enhanced positioning service are expected to fulfil both regulatory and additional requirements based on commercial use cases. However, these service areas are not yet distinguished in the evaluation methodology, and this results in a huge impact on the positioning performance. This affects main positioning aspects on the evaluation of RAT-dependent positioning techniques:
· Synchronization: the network synchronization assumption in [3] is based on either a perfect synchronization or a synchronization error, which follows a truncated Gaussian distribution with 50 ns of standard deviation and a range of timing errors between -100 ns and 100 ns. Thus, this assumption is either based on the best-case scenario, or on a scenario with synchronized gNBs up to an accuracy of ± 100 ns. However, the 5G standard does not specify a synchronization requirement for positioning that needs to be fulfilled by network operators. Thus, conventional or nominal networks are expected to have higher synchronization errors than ± 100 ns, which results in a significant degradation of the positioning performance. As a result, this synchronization assumption is considered representative of optimized networks, because they are expected to add the necessary synchronization infrastructure for positioning, such as by using GNSS-based synchronization procedures. 
· System bandwidth: the system bandwidth determines the achievable accuracy of ranging-based techniques. In [3], the evaluation scenarios consider a narrow bandwidth, i.e., 5 MHz for FR1, and wide bandwidths, i.e., 50 and 100 MHz for FR1 and 100 and 400 MHz for FR2. The wideband signals are expected to enable high-accuracy positioning, while the narrowband configuration is expected to only meet regulatory requirements, as it is assumed from the results in [6]. Thus, in terms of system bandwidth, the evaluation methodology considers both conventional and optimized networks.
· Antenna array: the number of antenna elements and the orientation of the antenna array determine the positioning accuracy of angle-based techniques. In [3], the antenna configuration is assumed to have between 16 and 64 antenna elements depending on the frequency range and the scenario, which can lead to high-accuracy positioning with angle-based techniques. The orientation of the antenna array is defined by the 3-sector antenna configuration (except the indoor office FR1 scenario with single sector), which ensures an absolute orientation angle between UE and gNB between 0 and 60º. In real deployments, the orientation angle of the antenna array is expected to be different, since it is expected to be optimized for communication purposes. Thus, this evaluation methodology considers a favourable configuration for angle-based positioning.
· Positioning reference signals: the RAT-dependent techniques are expected to be evaluated using the NR positioning reference signal (PRS), which still needs to be defined. The PRS is mainly used to support accurate ranging measurements with reduced interference between transmitters, in order to achieve the best positioning performance. Thus, this evaluation methodology considers optimized networks with enabled PRS transmissions.
· Dedicated deployments: the network layout defined in [3] is based on a deterministic deployment for the indoor office scenario, and on a hexagonal grid of gNBs for the UMi street canyon and UMa scenarios. The inter-site distance (ISD) between gNBs is defined to 20, 200 and 500 m for the indoor, UMi and UMa scenarios, respectively. Thus, the indoor and UMi layout can be considered equivalent to dedicated deployments, which are expected to achieve high-accuracy positioning, while the UMa layout can be considered a conventional deployment, which is only expected to achieve regulatory requirements. Real network deployments, either conventional or dedicated, are expected to follow a non-uniform layout that adapts to the user density and topography of a certain area. 
The RAT-dependent evaluation methodology covers aspects of both conventional and optimized networks. However, there is a predominance of assumptions that can be considered representative of optimized networks. This leads to optimistic performance results of the RAT-dependent methods if these assumptions are not fulfilled in real scenarios. That is, RAT-dependent techniques may achieve positioning requirements with optimized networks, but the same methods may not achieve these requirements with conventional or non-optimized networks. Indeed, this is critical point on the standardization of positioning mechanisms, in order to fulfil E911 regulatory requirements with UMa-only deployments.
Observation 1: RAT-dependent evaluation methodology provides optimistic performance results if the network is not optimized for positioning.
Proposal 1: The evaluation scenarios should distinguish between conventional and optimized networks, in order to assess the expected performance of RAT-dependent positioning technologies in real scenarios. This should be especially considered to fulfil E911 regulatory requirements with UMa-only deployments.
Observation 2: Non-optimized networks may not achieve regulatory and commercial positioning requirements with RAT-dependent techniques in real scenarios.
Observation 3: RAT-dependent positioning techniques should be complemented with RAT-independent and hybrid positioning techniques, in order to ensure fulfilment of regulatory and commercial positioning requirements.
2.2. 3GPP UE drop procedure
The RAT-dependent evaluation methodology agreed in [3] defines the UE drop procedure to be “uniformly distributed over the horizontal area”, and to be either 100% indoor for the indoor office scenario, 100% outdoor for the UMi street canyon scenario, or 50% outdoor and 50% indoor for the UMa scenario. However, the horizontal area for evaluation is only clearly bounded for the indoor office scenario, because UEs are dropped in an indoor floor of 120m x 50m. The definition of the evaluation area has an important impact on the achievable positioning performance, because the RAT-dependent positioning capabilities are (in general) much more degraded at the edges of the network deployment than at its center.
The impact of the evaluation area can be analysed with the horizontal dilution of precision (HDOP). This is a metric to assess the precision of the positioning solution in the horizontal plane depending on the geometry of the problem, which is defined by the location of the UE and gNBs. Assuming the TDoA technique and equal variances between measurements from  gNBs, the HDOP is defined as
	
	(1)


where  is the  geometry matrix, which is defined for the m-th gNB as
	
	(2)


being  and  the coordinates of the serving gNB,   and  the coordinates of the m-th gNB,  and  the coordinates of the UE,  the distance between the serving gNB and UE, and  the distance between the m-th gNB and UE. The TDOA-based technique is expected to have a high precision for HDOP ≤ 2, a good precision for 2 < HDOP ≤ 5, and a moderate-to-poor precision for HDOP > 5. Therefore, the UE drop procedure highly impacts the range of precisions that can be observed on the evaluation of the RAT-dependent positioning capabilities. Especially, a very good geometry is expected to lead to high-accuracy positioning. For instance, the HDOP of the indoor office scenario is analysed in [9], showing a poor HDOP at the edge sides of the floor. This poor HDOP is expected to lead to a higher error or number of unavailable position fixes than at the center of the floor, where the UE is surrounded by gNBs.
The horizontal evaluation area is here analysed for the urban scenarios. The evaluation methodology in [3] defines a hexagonal grid for the UMi street canyon and UMa scenarios. Let us consider the UMi scenario with ISD equal to 200 m, and the use of the 6 closest gNBs for positioning (i.e., by considering a PRS reuse factor of 6). The UEs are dropped uniformly in an area of 800 x 800 m. As it is shown in Figure 1.a), the HDOP increases as the UE moves to the edges of network deployment, while the best precision is obtained when the UE is surrounded by gNBs as expected. Note that the darkest red region indicates HDOP > 5. This hexagonal layout is now compared with an example random uniform layout and an example real layout. The random uniform layout is generated by considering minimum distance between gNBs equal to the ISD, while the real layout (designed for communications purposes) is obtained from a dense urban area. As it can be seen in Figure 1.b) and c), the higher density of gNBs with respect to the hexagonal layout increases the regions with a very good HDOP. Still, the edges of the network deployment result in a moderate-to-poor HDOP. Thus, the availability of high-accuracy positioning is shown in Figure 1 to depend on the evaluation area and the network density.
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a) 3GPP hexagonal layout
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b) Random uniform layout
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c) Example real layout


[bookmark: _Ref528823267]Figure 1. HDOP for TDoA positioning over urban micro scenarios with ISD = 200 m.
[bookmark: _Hlk528827052]This impact is further assessed by bounding the evaluation area of 800 x 800 m according to the HDOP. Then, the CDF of the HDOP for the UE positions is computed over three different areas: areas with HDOP ≤ 2, areas with HDOP ≤ 5, and full area of 800 x 800 m. As it is shown in Figure 2.a), when the areas are bounded to very good geometry, the hexagonal, random uniform and real layouts have very similar HDOP values, because the network density is very similar. However, as the evaluation area increases, the considered hexagonal layout is not representative from a geometrical perspective with respect to more realistic deployments. In contrast, the uniform random layout is too optimistic, because the evaluation area is mainly focused on a region with a high density of gNBs. Therefore, the evaluation area can be defined depending on the range of expected HDOP values, which determines the expected availability of high-accuracy positioning. In this sense, 5G enhanced positioning service areas are expected to cover UEs locations with HDOP ≤ 2, while nominal 5G positioning service areas are expected to cover UEs locations with HDOP ≤ 5 (or higher). 
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a) Region with HDOP < 2
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b) Region with HDOP < 5
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c) Full region


[bookmark: _Ref528826124]Figure 2. CDF of the HDOP for TDoA positioning over urban micro scenarios with ISD = 200 m.
These results can be directly extrapolated for the UMa scenario by scaling the distances between gNBs, e.g. by changing the ISD from 200 m to 500 m. In this case, the definition of the horizontal area is especially relevant for the evaluation methodology to fulfil E911 regulatory requirements.
Observation 4: The UE drop horizontal area and the network density determine the expected availability of high-accuracy positioning within the evaluation results.
Proposal 2: The evaluation methodology should define the UE drop horizontal area according to the positioning service area, i.e., nominal positioning service area and enhanced positioning service area. For the nominal positioning service area, the definition of the horizontal area is especially relevant to fulfil E911 regulatory requirements.
2.3. 3GPP channel models
The 3GPP channel models, which are adopted in the evaluation methodology based on TR 38.901 [4], were largely discussed during RAN1#94bis meeting. The main reason is that 3GPP channel models are considered not representative or suitable for positioning. Three main aspects should be considered on the use of TR 38.901 channel models for positioning:
· Negligible close-in multipath in LoS: the LoS channel model defines a dominant contribution of the LoS component. According to [10], this is due to the normalization of the power among many clusters. As a result, the channel impulse response (CIR) in LoS conditions appears to be “optimistic” for positioning, by neglecting the effect of close-in multipath.
· Random angle of first NLoS arrival path: the NLoS channel model defines random angles for the first arrival path that are not aligned with the LoS direction between gNB and UE [3]. This implies that there is no relation between the angles of the first arrival path and a single-bounce scatterer. Thus, the estimation of the single-bounce scatterer cannot be exploited in advanced angle-based positioning techniques, such as single-BS positioning proposed in RAN1 [3]. In order to avoid this limitation, the addition of a semi-deterministic cluster to TR 38.901 is proposed in [10]. 
· Absence of NLoS ranging bias: the TR 38.901 channel models only consider the distance between transmitter and receiver in the evaluation of the probability of LoS, which defines the mean and standard deviation of the delay spread. However, the CIR does not consider the absolute propagation delay between the transmitter and the receiver [11]. Therefore, the delay offset of the first detectable propagation path is not related with the geometric LoS, resulting in a NLoS ranging bias. This NLoS ranging bias is expected to degrade the positioning performance of ranging-based techniques (i.e., OTDoA and UTDoA). In [11], a geometric-stochastic channel model incorporating equivalent reflectors is proposed to consider the NLoS ranging bias and the non-stationarity and temporal coherence of the channel conditions.
Since the scope of the NR positioning study item does not include the definition of a channel model dedicated for positioning, the existing 3GPP channel models are agreed to be used in the evaluation methodology. Nonetheless, the previous aspects should be considered on the assessment of the RAT-dependent performance evaluation. The positioning results of ranging-based techniques are expected to be “optimistic”, due to the negligible close-in multipath in LoS conditions and the absence of the NLoS ranging bias. This has an important impact on the definition of the positioning configurations and mechanisms, such as on the minimum PRS bandwidth and periodicity, that are necessary to fulfil regulatory and commercial requirements. As a result, RAT-independent and hybrid positioning techniques should be further assessed in this study item, in order to complement the expected performance degradation of RAT-dependent techniques in real scenarios. Furthermore, these channel models limit the adoption of advanced NR positioning techniques, because the angle of first NLoS arrival path cannot be exploited for positioning. 
Observation 5: The existing 3GPP channel models can be considered not representative or suitable for positioning, due to the negligible close-in multipath in LoS conditions, the random angle of the first NLoS arrival path, and the absence of the NLoS ranging bias.
Observation 6: The use of the existing 3GPP channel models is expected to provide “optimistic” ranging-based positioning results, and to limit the adoption of advanced NR positioning techniques. This should be especially considered on the evaluation of positioning results to fulfil regulatory and commercial requirements. 
Observation 7: RAT-independent and hybrid positioning techniques should be further studied, in order to complement the expected performance degradation of RAT-dependent techniques in real scenarios.
[bookmark: _Toc525940271][bookmark: _Toc528847837]Proposal 3:    RAN1 shall send an LS to RAN2 and SA2 about requesting their view on the inclusion of RAT-independent and hybrid positioning techniques in the positioning protocol between LMF and the SA Rel.16 NR UE.

3. Conclusion
This contribution has presented main aspects to be considered with the agreed RAT-dependent evaluation methodology. This methodology may lead in some cases to positioning results that are too “optimistic” with respect to the expected positioning performance in real scenarios, which is especially critical for the evaluation of UMa-only positioning results to fulfil E911 regulatory requirements. Thus, RAT-independent and hybrid positioning methods should be further studied in order to fulfil the regulatory and commercial requirements in real deployments. This document presents the following observations and contributions:
Observation 1: RAT-dependent evaluation methodology provides optimistic performance results if the network is not optimized for positioning.
Observation 2: Non-optimized networks may not achieve regulatory and commercial positioning requirements with RAT-dependent techniques in real scenarios.
Observation 3: RAT-dependent positioning techniques should be complemented with RAT-independent and hybrid positioning techniques, in order to ensure fulfilment of regulatory and commercial positioning requirements.
Observation 4: The UE drop horizontal area and the network density determine the expected availability of high-accuracy positioning within the evaluation results.
Observation 5: The existing 3GPP channel models can be considered not representative or suitable for positioning, due to the negligible close-in multipath in LoS conditions, the random angle of the first NLoS arrival path, and the absence of the NLoS ranging bias.
Observation 6: The use of the existing 3GPP channel models is expected to provide “optimistic” ranging-based positioning results, and to limit the adoption of advanced NR positioning techniques. This should be especially considered on the evaluation of positioning results to fulfil regulatory and commercial requirements.
Observation 7: RAT-independent and hybrid positioning techniques should be further studied, in order to complement the expected performance degradation of RAT-dependent techniques in real scenarios.

Proposal 1: The evaluation scenarios should distinguish between conventional and optimized networks, in order to assess the expected performance of RAT-dependent positioning technologies in real scenarios. This should be especially considered to fulfil E911 regulatory requirements with UMa-only deployments.
Proposal 2: The evaluation methodology should define the UE drop horizontal area according to the positioning service area, i.e., nominal positioning service area and enhanced positioning service area. For the nominal positioning service area, the definition of the horizontal area is especially relevant to fulfil E911 regulatory requirements.
Proposal 3:    RAN1 shall send an LS to RAN2 and SA2 about requesting their view on the inclusion of RAT-independent and hybrid positioning techniques in the positioning protocol between LMF and the SA Rel.16 NR UE.
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