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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
It was agreed at RAN#80 to study NR positioning in Release 16 [1]. Firstly, it is planned to study requirements, evaluation scenarios/methodologies to enable positioning in regulatory and commercial use cases [RAN1]. The objective of the revised SID in RP-182155 [2] includes:
	· Select the requirements, and study corresponding evaluation scenarios/methodologies to enable positioning in regulatory and commercial use cases [RAN1]
· Define a representative number of evaluation scenarios for indoor and outdoor
· One use case representing indoor (e.g. Indoor Office as a baseline)
· One use case representing outdoor (UMi-street canyon and UMa scenario as baseline)
· One macro deployment from TR37.857 for FR1
· Note: Any specific deployment scenarios are also studied including evaluation scenarios for FR2.
· Define evaluation methodologies considering the above evaluation scenarios including:
· System parameters including operating bands for both FR1 and FR2 at least for RAT-dependent (NR-based) positioning and for hybrid of RAT-dependent and RAT-independent positioning
· User dropping procedures
· Performance metrics to evaluate vertical/horizontal positioning and the above identified requirements
· The evaluation scenarios/methodologies developed for above regulatory aspects can be a baseline for other positioning evaluations at least by taking TR 37.857 into account.




In this contribution, we discuss the indoor and outdoor scenarios in order to propose how to define the system model and simulation assumptions as well as evaluation methodology and performance metrics. In principle, the assumptions originally defined for communication applications can be also applied with some modifications to the evaluation of positioning. 
Our views on channel model considerations which require modifications on the LLS and SLS assumptions are discussed in our companion contribution R1-1811466 [8].

Evaluation scenarios for NR 
The SID proposes to take the assumptions from TR 37.857 [3] for the macro scenario. Several parameters need modification according to new NR features. While TR 38.802 [4] provides the general NR simulation parameters for the other scenarios, there are more details to be discussed for the refinement of these parameters if taking positioning into account.
0. Indoor deployment scenario 
The assumptions from [4] in Table A.2.1-1 for the indoor hotspot can be used as a baseline for the evaluation assumptions for indoors. We differentiate two types of indoor deployments: the 5G positioning service area (normal coverage and no special measures to enhance positioning) and the 5G enhanced positioning service area (special measures to enhance positioning). The indoor hotspot for the 5G enhanced positioning service area includes minor adjustments to the communication deployment and target performance evaluation with low effort for positioning. Meanwhile, the (indoor) hotspot positioning service area intends to support many positioning use cases which could result in additional complexity. The following parameters need to be taken into account throughout the analysis:
· Infrastructure deployment: the layout encloses two highly relevant parameters for defining the overall system performance: the number of deployed TRPs and the geometry of the deployment. The TRP antenna heights should be adjusted to enable a better estimation for the vertical accuracy [7]. In addition, the current TRP height considered for indoor hotspots is set to 3m according to office environments. If later aiming at industrial environments this is rather low. 
· System bandwidth: the minimum evaluation bandwidth is set in [2] to 5MHz. For the evaluation, the considered bandwidths range from 5MHz to 100 MHz for FR1 and from 100 MHz to 400 MHz for FR2.
· TRP Antenna Configuration: Different TRP antenna configurations can be evaluated in terms of the antenna elements or different TXRU mapping. As a starting point, use the settings defined in TR 38.802 ([4], Table A.2.1-4). 
· Synchronization and calibration: TR37.857 [3] is reused as a starting point.
· UE dropping and tracks:
· UE speed: in addition to the formally applied UE speed of 3kmh, indoor use cases target moving UEs like automated guided vehicles with an average speed up to 30kmh. 
· UE height: consider different heights for UEs in the range 0.5m to 2m.
· UE Dropping: The same approach in [3] can be used for dropping the UEs with 3kmh speed. High speed UEs should be guaranteed to be within the hot zone.
· UE tracks: UE movement has a direct impact on the positioning performance which has been identified in the previous analysis within 3GPP. Indoor use-cases include moving UE, like pedestrians at 3 km/h or automated guided vehicle, with speed up to 30km/h.  It is important to define tracks within the indoor positioning area for a set of UEs, which guarantees that the UE is within the hot zone.
Observation 1: The number of TRPs and their deployment configuration is a key feature for achieving the targeted positioning service levels.
Proposal 1: The number of TRP and the deployment criteria should be evaluated in terms of the targeted positioning service levels.
Observation 2: UE tracks allow for closing gaps of coverage and deep fades via smoothing or by applying tracking filters. They allows later to evaluate supporting sensors like IMUs in order to achieve challenging accuracies and availabilities.
[bookmark: _GoBack]
Example: UE Indoor tracks: to construct a workable indoor trajectory it should be guaranteed that the UE stays within the indoor zone during the positioning session. For this we specify in this example a drop zone for the centroid of the track (red-doted area in Figure 1). For the trajectory, the UE track in Figure 1 has been represented by a rectangular path wherein the corners are rounded to avoid sudden changes. The UE initial position is randomly dropped on the predefined UE track. Note that random dropping ensures that tracks are placed both in the center as well as at the edges of the zone. In the center, higher positioning performance may be achievable with less effort compared to the edges.
The following assumptions are used: drop area 80 m×30 m centered according to the indoor zone, UE track 25 m×15 m and radius curve of 3 m randomly dropped in the drop zone and average linear velocity 30 km/h. In order to avoid regularities having impact on measurements and estimates, other – especially open – tracks may be considered.
Observation 3: Randomized dropping of quasi-continuous trajectories enables to cover indoor areas with tracks. Tracks crossing the indoor boundaries can be avoided by adapted dropping.
Proposal 2: Study potential shapes of tracks discussing advantages/disadvantages of open and closed shapes. Sudden changes of directions within the track should be avoided. 
[image: ]
[bookmark: _Ref525561431]Figure 1- Indoor zone with corresponding UE track drop zone defined by the centroid of the track shape

0. Macro deployment and dense deployment scenarios 
For the macro and dense deployment scenarios, the evaluation assumptions from [4] along with the identified positioning considerations in [3] can be used as starting point. One drawback of simulating general scenarios similar to [3] is that the results provide only an overall picture of the expected performance. Thus, special scenarios like indoor UEs and special circumstances like blockages cannot be evaluated. This problem arises from combining different parameters related to the scenario, applied channel models and varied UE dropping approaches. More consequential results are drawn if the analysis is carried for defined (sub-) scenarios or (sub-)sets of parameters.
The following parameters should be considered within the evaluation:
· Layout (infrastructure deployment): the macro layer is straightforward with an ISD of 500m and the BS antenna height configuration from [3]. For the dense urban case, the configuration from [4] with 9 micro BS can be adapted.
· System bandwidth: for the analysis, use same configuration as for indoor (see above).
· BS antenna configuration: As a starting point, use the settings defined in [4]. 
· UE dropping: For the TR 37.857 methodologies, 80 % of the UEs are dropped indoors and the remaining 20 % comprise the outdoor UEs. If the same dropping scheme is applied in future evaluations, the resulting performance is hence a mixture of at least two distinct scenarios: for the indoor UEs, the accuracy and availability are mainly influenced by the strong penetration loss in terms of the resulting SNR. However, strong LOS reception is expected for UEs dropped at high heights. For the outdoor UEs, the main limiting factor is the high probability of NLOS reception in addition to the interference from nearby base stations. To overcome this issue two options are applicable: the first is to break off the scenarios into several sub-scenarios defined by the UE environment (outdoor macro, outdoor dense, indoor). The second option is to apply the assumptions similar to the LTE evaluation scenario but to restrict the evaluations to be performed according to the UE environment.
· UE tracks: To cover higher speed use cases like for trains (up to 500kmh) and vehicles (up to 60kmh in urban scenario and 250kmh on the highway) the tracks defined in the V2X evaluation scenarios can be adapted.
Proposal 3: UE dropping schemes and tracks for outdoor scenarios should be defined based on the supported scenarios within NR positioning.
Metrics and methodology for positioning performance analysis
Simulation methodology  
For the evaluation analysis in [3] performance is particularly evaluated on system level. For the NR positioning evaluations both LLS and SLS simulations are needed, for this we distinguish 3 simulation methods:
· Method 1: Detailed analysis of a single link (LLS): 
In case of positioning this is mainly a statistical analysis of the TOA or AOA measurement accuracy for different receive scenarios. A statistical analysis of the estimator versus channel properties (multipath characteristics, SINR) is performed. The analysis is then performed for different transmit sequence characteristics (bandwidth, pattern…) and for detection or estimation concepts.
· Method 2: Full SLS simulation similar to the methodology in TR 37.857. It is based on the dropped UE tracks and can incorporate post-processing of the RAT measurements including the algorithms that calculate positons. 
· Method 3: SLS with behavioral models for the link level. Typically a statistical analysis of the deployment scenario is performed to identify critical areas (= areas with low positioning accuracy) or to develop optimized deployment scenarios: 
For positioning, signals from 2 or more links are required. The relative position and the signal quality of each link influence the positioning analysis. Methods like DOP (dilution of precision) combined with the TOA error statistics allow estimating the position accuracy versus UE position inside the deployment. The impact of the TRP positions, beam forming etc. can be efficiently evaluated using this approach. 
Resulting evaluation metrics
In Table 1 we suggest as simulation methodology for the requirements identified in [6] in terms of the evaluation metrics and critical or influencing parameters.
	Requirement
	Evaluation Metric
	Critical parameters 
	Proposed simulation methodology 

	TOA accuracy 
	TOA/RSTD error 
	SINR, system bandwidth, PDP properties (TR 38.901 [5] TDL or CDL  values from [8])
	LLS (Method 1)

	Latency
	TOA error
	SINR, slot structure, signaling
	LLS (Method 1)

	2D/3D positioning accuracy
	Positioning error
(Horizontal/Vertical)
	Deployment, antenna configuration, interference
	SLS (Method 2)

	Reliability
	TOA Quality, Positioning error 
	Critical area, deployment, SINR 
	SLS (Method 3)


[bookmark: _Ref525716385]Table 1 - Evaluations metrics and the proposed simulation methodology.

Proposal 4: Performance values corresponding to different types of requirements shall be analyzed using suitable system and link level simulation methods.
Proposal 5: Further discussions are needed to specify which methodology should be applied for the corresponding requirements.

Example for an SLS and LLS for TDOA
In this section, we provide an example for applying the SLS with behavioral models for the link level (option 3) for TDOA evaluation in an indoor scenario. The proposed method is a 3 step approach for the evaluation:
1) Study impact of geometry
A good dilution of precision (DOP) should be guaranteed. If only horizontal accuracy is the target then the horizontal (HDOP) analysis is sufficient. Otherwise, the vertical (VDOP) dilution of precision should be optimized as well. For this example we performed the DOP first for a modified indoor deployment (we exclude TRPs 3, 4, 9 and 10 from the evaluation and for the others we set the height to 8m). The resulting HDOP and VDOP results are shown in Figure 2 and Figure 3 respectively. It can be seen that there are areas where the DOP is not good especially for the VDOP case.
	[image: HDOP_01]
[bookmark: _Ref525765208]Figure 2 - HDOP for 8 BS deployment.
	[image: VDOP_01]
[bookmark: _Ref525765210]Figure 3 - VDOP for 8 BS deployment.



To demonstrate the benefits of an optimized deployment, the 8 BSs are moved to the borders of the indoor area and be placed in different heights (0 and 8m taken for simplicity). The deployment provides a good 3D-localization within the whole area of interest as shown in Figure 4 and Figure 5.
	[image: HDOP_01]
[bookmark: _Ref525766327]Figure 4 –HDOP for optimized 8 BSs deployment
	[image: VDOP_01]
[bookmark: _Ref525766329]Figure 5 –VDOP for optimized 8 BSs deployment



2) Generate SINR and TOA statistics
The DOP analysis assumes that all links are useful and it does not yet consider the SNR (depends on antenna pattern) and the SINR (depends also on signal design, scheduling and frequency reuse and traffic models). For the next step, the SINR statistics are generated from the SLS. Along with a behavioral model for the TOA error derived from LLS, for example, a TOA error statistic can be derived. 
From the SINR values calculated at SLS for each link a “joint statistic” can be derived defining useful TOAs (generate TOA sets). A draft proposal for the TOA set statistic is: 
· Min-TOA-Set selection: For each UE position sort the SINR values and select the best links (number of required links depends on the positioning method (2D or 3D, TDOA or RTT)) and calculate the worst SINR of the link with the lowest SINR. 
· Useful TOA-Set selection: From the LLS the minimum required SINR achieving a target [median or 90% value] error value of the TOA. Using this threshold as selection criteria, the number of available links for each UE position can be calculated and a statistical analysis is performed. 
· CDF on number of useful links 
· DOP calculated for the useful links
An example for DOP analysis assuming 4 useful links out of 8 and 3D position using TDOA is given in Figure 6 and Figure 7. Note: This example assumes a “static behavior” (constant SINR for each link). Taking into account the antenna pattern, the selected links change for each UE position (in this case the selected TRP can’t be depicted in the plots). Furthermore, taking into account time variant SINR according to traffic models additional statistics may be required and related proposals are subject to further work.
	[image: HDOP_01]
Figure 8 - HDOP for 4 BS deployment
	[image: VDOP_01]
Figure 9 - VDOP for 4 BS deployment



Besides the better understanding of the network characteristics, step 2 prepares step 3 ensure meaningful statistics for the TOA and position error. From SNIR analysis two simulation cases can be derived:
· Proper performance case:  Define the “service area” according to the SNIR/DOP statistics. The full positioning performance shall be evaluated for this “service area”. Areas in which high position error is expected are excluded from the statistics.
Note: By adding additional TRPs or changing the position or height of the TRP the network operator can optimize the service area. 
· Reference Case: Random dropping of the UE in the full dropping area to compare results from different companies.  
The statistical analysis performed to define the service area shall include
· Criteria used for the selection of the service area. 
· Representation of the selected service area (relative to the full dropping area). 
3) Perform positioning simulations
The positioning performance can finally be evaluated for three cases:
· Simulation for the full dropping area and statistical analysis of using the reference deployment scenario (dropping according to the defined dropping zone)
· Statistical analysis of the positioning error for the “service area”
· Optional: Repeat the simulation for the service area with optimized deployment scenario. The optimisation shall be limited to parameters like TRP positions, height and antenna orientation.
Note: For the comparison of technologies the position error statistics (while keeping the service area size) as well as the service area size can be used as criteria.
Additional considerations: receiver modules 
The receiver design has a significant impact on the achieved performance and the design complexity. For example, the CDF below presents the TOA error derived from the CIR of the indoor NLOS channel in the absence of noise and interference. It can be concluded that the TOA error resulting from a simple maximum detection receiver is above 70ns in 90% of the simulated data. Meanwhile the performance can be improved to around 10ns if the receiver can detect the first path 20dB below the strongest peak.
[image: Macintosh HD:Users:ebl:Projekte_FhG:5G:Matlab:Work:channel_statistics:plots:toaErrorCdf1000MHz3GPP_38.901_Indoor_NLOS.png]
Figure 10- TOA error for the first detected peak when applying different threshold values

Hence, it is profitable that companies provide LLS simulations to characterize the receiver modules in terms of accuracy, complexity or other relevant parameters. Alternatively, joint assumptions on the selected receiver algorithms for TOA estimation can be made. It is encouraged that a set of the candidate receiver modules is aligned to conclude comparable evaluations within the different scenario later on.
Positioning performance highly profits from using the history of old estimates or additional information to achieve better performance. Different approaches and estimation models for tracking filters (such as Kalman or Particle filters) can be applied on the measurements (like TOA) or on the processed positon information. To enable such analysis however the simulation assumptions need to include representative UE tracks and overcome the statistical channel model limitations. 

 Conclusion
In this contribution, evaluation scenarios and methodologies for NR position are discussed:
For the evaluation scenarios and channel models we have the following observations and proposals:
Observation 1: The number of TRPs and their deployment configuration is a key feature for achieving the targeted positioning service levels.
Proposal 1: The number of TRP and the deployment criteria should be evaluated in terms of the targeted positioning service levels.
Observation 2: UE tracks allow for closing gaps of coverage and deep fades via smoothing or by applying tracking filters. They allows later to evaluate supporting sensors like IMUs in order to achieve challenging accuracies and availabilities.
Observation 3: Randomized dropping of quasi-continuous trajectories enables to cover indoor areas with tracks. Tracks crossing the indoor boundaries can be avoided by adapted dropping.
Proposal 2: Study potential shapes of tracks discussing advantages/disadvantages of open and closed shapes. Sudden changes of directions within the track should be avoided. 
Proposal 3: UE dropping schemes and tracks for outdoor scenarios should be defined based on the supported scenarios within NR positioning.
For the metrics and simulation methodology we have the following observations and proposals:
Proposal 4: Performance values corresponding to different types of requirements shall be analyzed using suitable system and link level simulation methods.
Proposal 5: Further discussions are needed to specify which methodology should be applied for the corresponding requirements.
Proposal 6: Perform LLS evaluations for receiver modules in terms of performance and complexity.
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