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[bookmark: _Ref408846065][bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
It was agreed at RAN#86 to study NR positioning Enhancements [1]. Firstly, it is planned to define additional scenarios based on TR 38.901to evaluate the performance for  use cases with (I)IOT being the prominent example for scenario as well as use case. . The objective of the new SID in [1] includes:
	1. Study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):
0. Define additional scenarios (e.g. (I)IoT) based on TR 38.901 to evaluate the performance for the use cases (e.g. (I)IoT). [RAN1]



In this contribution we discuss the common considerations for the evaluation of NR positioning in addition to an analysis on the InF models and required parameter adjustments.
[bookmark: _GoBack]Considerations for NR Positioning scenarios 
Positioning accuracy influencing factors
The positioning accuracy depends mainly on the following parameters
1. For NLOS links: Absolute time of arrival of the first path: 
TR38.901 includes a model for the delay of this path. The median value of the additional delay compared to the LOS link proposed by this model is 31ns. This is equivalent to a distance error of app. 10m. Using this model will result in a high position error, if the number of LOS links is not sufficient. 
It should be also noted that TR38.901 proposes the same parameter for the median value and the variation of the delay in InF-SL, InF-SH, InF-DL and InF-DH. Only the de-correlation distance is different. The impact of TRP height, UE height, clutter density, distance separating a UE and TRP, etc. are not covered (detailed analysis on the Absolute time of arrival Model in [3]). 
2. Probability of LOS condition: 
TR38.901 includes models for the LOS probability. For positioning algorithms based on ToA (TDOA or RTT) measurements several links are required. Depending on the scenario the probability of a sufficient number of LOS links may be low. If the number of LOS links is not sufficient the error introduced by the absolute time of arrival model for NLOS dominates the position error. 
3. Impact of geometry: 
For a given geometry the dilution of precision (DOP) covers the impact of the ToA measurement accuracy to the position accuracy. For areas targeting a high position accuracy a careful selection of the TRP positions is essential to minimize the position error. 
The deployment can be optimized to take the positioning requirements into account for the selection of the TRP positions which will have a high impact to the feasible position accuracy. By taking into account the (implementation dependent) optimization of the deployment the focus will be the performance in non-ideal receive situations. 
4. ToA estimator accuracy: 
This depends mainly on the parameters selected for the reference signals (RS) used for the measurements and the performance of the algorithms selected for the ToA estimator within different channel conditions. 

Observation 1: 	The absolute-time-of-arrival model of TR38.901 dominates the ToA estimation accuracy for NLOS conditions. If the number of LOS links is not sufficient, a positioning accuracy of app. 10m may result. This error is nearly independent from the air interface parameters.
Observation 2: 	Deployment dependent parameters (TRP positions, DOP, etc.) have a very high impact on the system performance. 

Positioning properties expected based on TR38.901 models
The models defined by TR38.901 focus on the statistical properties of networks designed according to communication requirements. Using these models, the following results are expected: 
· Using random dropping and the statistical model for LOS/NLOS for many drops, the number of LOS links will be too low resulting in a bad performance for all RAN-based technologies. 
· Limiting the evaluation to areas with LOS reception of many TRPs will give optimistic results. The high K-factor will result, for most drops, in a strong early path. This early path can be easily detected. Only if other effects like non-ideal antenna pattern or diffraction/reflection on obstacles close to the UE (and TRP if an antenna with a high beam width is used) are also taken into account realistic performance results can be expected. These scenarios are often called OLOS scenarios. 
· The existing models may also generate OLOS-like scenarios, but the probability will be low. Taking further into account that the correlation between the links is not supported by the model according to TR38.901 (if the TRP is at a different position the links are considered as fully uncorrelated), usage scenarios representing typical applications will be generated with very low probability. To cover these effects extensive simulation may be required. 
· The analysis of the correlation of the propagation conditions of different links requires very complex measurements. Existing measurements may not allow to analyze the correlation. Typically, the small-scale fading effects are considered as uncorrelated. But for the large-scale effects some correlation may become relevant. These effects may have a high impact to the system performance in 5G deployments, but it is difficult to take this into account in simulations to be performed in this short SI.
RAN1 is mainly in charge of the evaluation of core technologies improving the ToA and AoA/AoD estimation accuracy. To evaluate the new technologies and to study potential improvements to Rel. 16 the evaluation of the performance gains a detailed analysis of the simulation results may be required to distinguish between the following usage scenarios: 
· A highly optimized deployment scenario (e.g. many TRP to ensure good LOS reception) is assumed
· Non-ideal receive conditions may have a high impact to the performance and enhancements may provide a significant gain.  
· Identify applications (and related reference signal configurations), in which a reduced accuracy is sufficient 
It is not feasible to develop models complementary to TR38.901 within the time frame of the SID. But it may be possible to derived further conditional probability density functions to identify areas in which Rel. 16 provides already sufficient accuracy and areas in which enhancements will provide a significant gain. 
Proposal 1: 	To better evaluate the performance derive complementary conditional probability density functions from the overall statistics. This shall include:
· Positioning accuracy in a defined area representing deployment optimized for positioning, for example separate position accuracy statistics for the  “passage way”. 
· Generate a separate analysis set from all drops: Positioning accuracy for drops with at least 3 links in LOS state. 
Proposal 2: 	Consider further refinement of the absolute-time-of arrival model. For example, study the impact of the distance, clutter density and TRP height to the statistical properties of the absolute-time-of arrival. 
InF scenarios and evaluation parameters 
For InF, TR38.901 defines different scenarios distinguished by the clutter density (sparse-S or dense-D) and the base station height (low-L or high-H) resulting in four scenarios: InF-SH, SL, DH and DL. By understanding the channel models it easier to realize the accuracy and more important realize under which scenario parameters does the achievable accuracy hold. 
LOS probability
The Line-Of-Sight (LOS) probabilities for all 4 InF scenario according Table 7.4.2-1 [2, TR38.901] by:

where

In addition to the UE-BS distance , the parameters , , and  determines the LOS probability, whereby the BS and UE heights are only relevant for the high-BS scenarios.

[image: ]
Figure 1- LOS probability according to TR38.901 parameters according to the calibration assumptions in Table 7.8-7 [2, TR 38.901].

With respect to the LOS probability, we list these subtypes and comment on their significance on positioning performance:

· InF-SL (sparse clutter, low BS): The LOS/NLOS probability doesn’t depend on the BS/UE and clutter heights. The high BS scenario is more relevant when going for down selection. Scenario relevant for postioing when InF-SL and InF-SH are combined in a single scenario (example: 4 or more BSs deployed at high height). 
· InF-DL(dense clutter, low BS): Similar to InF-SL, the LOS/NLOS probability doesn’t depend on the BS/UE and clutter heights. Most of the BS-UE links will examine NLOS conditions. 
· InF-SH(sparse clutter, high BS): High probability for LOS reception, the LOS probability is comparable with InH Open Office.
· InF-DH(dense clutter, high BS): Many links will be under NLOS conditions for the default clutter parameters. Reduce the clutter height (h_c =2m) and clutter density to 40%.(With “relaxed” DH clutter parameters Expected LOS Probability ~ 40% | Expected NLOS Probability ~ 60%)


Impact to the number of available LOS links 
To further investigate the impact of the parameters: , , and  the following method was used: 
· The UEs are dropped in an inner area shown in Figure 2
· The LOS probability for 12 related gNBs versus distance is generated (the gNB with higher distance are not further considered)
· The CDF for the number of gNBs with LOS state is generated for all UEs in the dropping area
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[bookmark: _Ref31717203]Figure 2: Deployment scenario used for InF parameters evaluation

The impact of the parameter clutter density, clutter size and clutter height for D=20, BS height=8m (SH and DH) and UE height =1.5m is depicted in Figure 3. 

In our understanding TR38.901 defines in Table 7.2-4 a range of the InF parameters especially the ones defining the clutters within each of the four scenarios. The parameters in Table 7.8-7 are the ones chosen for the scenario calibration. Table 1 summarizes the main parameters from TR38.901 and the suggested values for positioning evaluations.


	Parameter
	Range of parameters in TR38.901 Table 7.2-4
	Calibration scenario in TR38.901 Table 7.8-7
	Suggested value 

	Clutter height hc
	0-10m   
	DH, DL: 6m
SH, SL:  2m
	DH, DL: 2m (<3m)
SH, SL:  2m

	Clutter size dClutter
	DH, DL:  2m
SH, SL: 10m
	DH, DL:  2m
SH, SL: 10m
	DH, DL:  10m
SH, SL: 10m

	Clutter density r
	DH, DL: ≥ 40%
SH, SL: < 40%
	DH, DL:  60%
SH, SL: 20%
	DH, DL  40%
SH, SL   20%

	BS Antenna height hBS
	Above clutter
(> hc)
	DH, SH: 8m
DL, SL: 1.5m
	Different values (below Ceiling height for DH/SH)

	UE Antenna height hUT
	Clutter-embedded
(< hc)
	1.5m
	Different values below Ceiling height


[bookmark: _Ref31725615][bookmark: _Ref31725608]Table 1: InF parameters
Impact of parameter hc, r and dClutter to number of TRPs with LOS
In the following, we analyze the impact of the above parameters on LOS/NLOS reception based on the deployment scenario shown in Figure 2. In our other contribution ([3]) an evaluation on the TOA error for the LOS and NLOS scenario is performed. For NLOS links, the absolute-time-of-arrival model of TR38.901 will dominate the ToA estimation accuracy for NLOS conditions. The results for InD-SH are provided in the Appendix. 
Impact of hc 
According to the parameters in TR38.901, the range allowed for Effective clutter height  is below Ceiling height (0-10 m). For the InF-DH calibration: = 6m was assumed. For the positioning scenarios simulation  =2m is recommended.
[image: ]
Impact of clutter density r 
According to the parameters in  TR38.901, the range allowed for Clutter density  (percentage of surface area occupied by clutter) shall be above 0.4 (40%). For the InF-DH calibration: = 0.6) was assumed. For the positioning scenarios simulation  =0.4 is recommended.
[image: ]

Impact of dClutter
According to the parameters in TR38.901, the range allowed for Typical clutter size,  is ranges from 2m and the Ceiling height (2-10 m). For the InF-DH calibration: = 2m was assumed. For the positioning scenarios simulation  =10m is recommended.
[image: ]

Proposal 3: 	For the IIOT scenario apply InF-SH and InF-DH with selected values of the parameters hc, r and dClutter chosen within the defined range in TR 38.901

Conclusion
In this contribution, we have analyzed the considerations for the evaluation of NR positioning and have made the following observations and proposals:
Observation 1: 	The absolute-time-of-arrival model of TR38.901 dominates the ToA estimation accuracy for NLOS conditions. If the number of LOS links is not sufficient, a positioning accuracy of app. 10m may result. This error is nearly independent from the air interface parameters.
Observation 2: 	Deployment dependent parameters (TRP positions, DOP, etc.) have a very high impact on the system performance. 
Proposal 1: 	To better evaluate the performance derive complementary conditional probability density functions from the overall statistics. This shall include:
· Positioning accuracy in a defined area representing deployment optimized for positioning, for example separate position accuracy statistics for the  “passage way”. 
· Generate a separate analysis set from all drops: Positioning accuracy for drops with at least 3 links in LOS state. 
Proposal 2: 	Consider further refinement of the absolute-time-of arrival model. For example, study the impact of the distance, clutter density and TRP height to the statistical properties of the absolute-time-of arrival. 
Proposal 3: 	For the IIOT scenario apply InF-SH and InF-DH with selected values of the parameters hc, r and dClutter chosen within the defined range in TR 38.901
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Appendix 
A.1 InF-SH: Impact of parameter hc, r and dClutter to number of gNB with LOS
Impact of hc 
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Impact of clutter density r 
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Impact of dClutter
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A2. TR 38.901  Indoor Factory Evaluation parameters
The indoor factory (InF) scenario focuses on factory halls of varying sizes and with varying levels of density of "clutter", e.g. machinery, assembly lines, storage shelves, etc. Details of the InF scenario are listed in Table 7.2-4.
Table 7.2-4: Evaluation parameters for InF
	
	InF

	Parameters
	InF-SL 
(sparse clutter, low BS)
	InF-DL
(dense clutter, low BS)
	InF-SH
(sparse clutter, high BS)
	InF-DH
(dense clutter, high BS)
	InF-HH
(high Tx, high Rx)

	Layout
	Room size
	Rectangular: 20-160000 m2 
 

	
	Ceiling height
	5-25 m
	5-15 m
	5-25 m
	5-15 m
	5-25 m

	
	Effective clutter height 
	< Ceiling height, 0-10 m

	
	External wall and ceiling type
	Concrete or metal walls and ceiling with metal-coated windows

	Clutter type
	Big machineries composed of regular metallic surfaces. 
For example: several mixed production areas with open spaces and storage/commissioning areas
	Small to medium metallic machinery and objects with irregular structure. 
For example: assembly and production lines surrounded by mixed small-sized machineries.
	Big machineries composed of regular metallic surfaces. 
For example: several mixed production areas with open spaces and storage/commissioning areas
	Small to medium metallic machinery and objects with irregular structure. 
For example: assembly and production lines surrounded by mixed small-sized machineries.
	Any

	Typical clutter size, 
	10 m
	2 m
	10 m
	2 m
	Any

	Clutter density  (percentage of surface area occupied by clutter)
	Low clutter density
(<40%)
	High clutter density
(≥40%)
	Low clutter density
(<40%)
	High clutter density
(≥40%)
	Any

	BS antenna height [image: cid:image001.png@01D4B35D.C4D8CCE0]
	Clutter-embedded, i.e. the BS antenna height is below the average clutter height
	Above clutter
	Above clutter

	UT location
	LOS/NLOS
	LOS and NLOS
	100% LOS

	
	Height [image: cid:image003.png@01D4B35D.C4D8CCE0]
	Clutter-embedded
	Above clutter
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