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RAT dependent positioning solutions may be especially attractive for industrial indoor applications, where RAT independent solutions like GNSS based systems are typically inaccurate or even unavailable.  An enhanced 3GPP channel model shall therefore also support the analysis of positioning solutions as subject of on-going work as defined by the new WID NR positioning support [1].  
The TR [2] summarizes the simulation results of the study item “NR positioning support”. The results show a high dependency on the channel characteristics. Furthermore, some open issues in the channel model definition have been identified and the model implementations were partly adjusted accordingly. 
This contribution focuses on a definition of the related requirements and summarizes some (simple) possible solutions. 

Channel model requirements for ToA based positioning systems
In principle, geometry based radio channel models like the WINNER model are applicable for both communication and positioning. However, the most relevant parameters for evaluation may differ a lot. The channel parameters with high impact to the ToA (time of arrival) measurement performance are summarized in the following table: 
	Parameter
	Description
	3GPP model as defined by TR38.901

	Delay of first arriving cluster
	The relationship between the LOS delay (= distance/speed-of-light) and the delay of the first arriving signal contributes to the ToA measurement error. 
	The 3GPP model does not clearly define this relationship (for details see section 3). 
The discussions in [8] propose to add the absolute time of arrival for LOS and NLOS.

	Power of first arriving signal
	In order to detect the first arriving signal components, a minimum power level is required. Otherwise the first signals providing the best TOA estimate may be missed Statistical models select the power level randomly according to defined probability density functions (PDF) for the PDP (power delay profile) at hand.
	The 3GPP model uses a single slope exponential power delay profile. Due to the normalization process defined by TR38.901 the power of the first cluster depends on the number of clusters selected. Therefore, the power of the first arriving signal is not statistically distributed as needed for realistic results.

	Characteristics of the first cluster(s)
	Taking into account the limited bandwidth used for the positioning reference signals, taps with low delay difference overlap in the correlation function. This introduces a ToA estimation error or requires advanced super resolution delay estimation techniques. Thus, parameters like “per cluster delay spread” are of high relevance for positioning applications. Furthermore, diffraction or OLOS (obstructed LOS) effects may be dominating for the first arriving cluster. 
	The 3GPP model includes very limited means to describe the properties of the first arriving clusters. Especially the properties of the first arriving cluster may be different. However, 3GPP models use only one common parameter set for all clusters. 

	LOS/NLOS probability 
	Triangulation based positioning schemes require at minimum three (2D positioning, round-trip delay measurement), four (3D or 2D-TDOA) or four (3D TDOA) links. Typically, the ToA measurement error is much lower for LOS conditions. The probability of LOS condition is a key parameter for positioning accuracy. Furthermore, the correlation of the LOS probability for the different links is an important parameter for the statistical analysis of the positioning error. 
	The 3GPP model does not consider the spatial correlation of the LOS/NLOS probability of several links like also realized in the email discussion on LOS probability [5], were the spatial consistency of LOS/NLOS probabilities shall be studied. 
RX-TX distance and clutter should be considered as input to the LOS probability function [5]. 

	OLOS 
	Obstructed LOS [10] describes the condition with obstacles in the fresnel zone impairing the LOS reception. This may include also scenarios where the object itself is in LOS condition, but UE antenna(s) are mounted on the far side of the object. For positioning applications, especially the impairments for the first path is of high importance for the feasible positioning accuracy. 
	The 3GPP models do not define OLOS conditions. Currently, the models support only (good) LOS conditions (only minor impairments of the LOS path) and NLOS conditions (the LOS component does not exist and the delay of the first cluster is not well defined (see above)


For indoor industrial application RAT dependent positioning systems with high accuracy may be attractive. Hence, an enhanced channel model for IIoT shall also cover the characteristics relevant for positioning. The amount of available measurements justifying the parameters relevant for positioning may be limited. Therefore, the selection of parameters according to measurements may be difficult. Nevertheless it may be useful to add new elements to the model for studying at least the impact of critical parameters to the air interface design. In general, three use cases for channel models are distinguished: 
1. Compare the results from different sources. This requires a common reference model. To ensure a correct implementation “calibration data” shall be provided together with the model parameter. 
2. Study the impact of channel characteristics on the performance. This requires a flexible model, which can be parameterized according to the expected propagation conditions. 
3. Represent typical usage scenarios (= model pilot installations). 
The 3GPP models typical focus on the use case #1. Taking into account the different deployment scenarios, it may be difficult to provide models representing (all relevant) application scenarios. Hence, more priority shall be put on models offering more flexibility for addressing different propagation conditions.  
Observation 1: 	The parameters relevant for positioning are not well covered by the existing 3GPP model as defined by TR38.901.
Proposal 1: 	Study complementary modeling elements supporting the (better) adjustment of parameters relevant for positioning.

Discussion of selected topics
[bookmark: _Ref415351123]Delay of the first arriving signal as defined by TR38.901
TR38.901 [4] defines the channel model for 3GPP. Related to the delay of the multipath components the model defines: 
· The properties of the PDPs are mainly defined by the formulas 7.5-1, 7.5-5 and the parameters given in table 7.5.6 of [4]
 	,	(7.5-1)
 		(7.5-5)
· The PDP is typically normalized to delay 0 (see formula 7.5-2) even for NLOS scenarios. 
 	   	(7.5-2)

RAN1 aims at studying the possibilities to capture dense multipath [6] which may result in more frequent early clusters. An example for the resulting channel impulse response with an early cluster according to the current specification is depicted in the following figure. Note: The normalization of the delay according to formula (7.5-2) is not applied. 

	[image: ]
	[image: ]

	Example of channel impulse response according to 3GPP model (scenario UMi, NLOS)
	Zoom of the first part of the channel impulse response (0 represents the LOS delay. For NLOS conditions the LOS component is set to 0 (-100dB)


Figure 3‑1:Example of delay for first arriving signal 
From formula (7.5-1) the statistical distribution of the delay of the first arriving cluster can be derived. For indoor applications the delay spread (DS) typically depends on the room size (distance of the scattering objects) and the properties of reflecting objects (metal, other materials), whereas the delay of the first component depends mainly on the objects close to the UE. A model offering an independent adjustment of these two parameters may be worthwhile. The 3GPP model does not offer this flexibility, but with a similar direction the email discussions on other modelling parameters from [7] propose the absolute time of arrival of multipath components. A statistical distribution of clusters can be only adjusted in an indirect way (reduce DS, increase number of clusters (higher probability that the random generator generate a cluster with a low delay)). Hence, for testing of the NR technologies, different model parameter sets may be required for communication and for positioning. A first possible solution for a model enhancement solving this issue is presented in [3]. In this proposal for parts of the clusters (“early clusters”) the delay is calculated by a second probability density function. The same formulas as defined by TR38.901 are applied with a second set of parameters defining the probability density functions of delay and the power of the early clusters. 
The required parameter set may well reflect the Sub-scenarios 2 and 3 in Proposal 1 from the email discussion on scenarios [8], where at least one transceiver is within strong clutter.

Observation 2: 	3GPP channel models do not offer a direct definition of the statistical distribution of the delay of the first arriving signal. 
Proposal 2: 	Introduce a second set of parameters defining the properties of the “early cluster”.
LOS, OLOS, NLOS
For LOS conditions typical K-factors as defined by the parameter tables in [4] are in the range for 7dB to 9dB (median value of the lognormal distribution). Taking into account that the multipath power is distributed into many clusters the typical power of an individual cluster is usually low compared to the power of the LOS path. Hence, the power of the signal components arriving just after the LOS signals is low and critical scenarios with strong first reflections have a low probability. A very low impairment of the correlation peak will result and a ToA measurement with very high accuracy results. Assuming a statistical analysis of the ToA measurement error, significant degradation will be only observed if also values with low probability are taken into account. For NLOS conditions the ToA measurement error is mainly defined by the statistical distribution of the delay of the first arriving signal (see section 3.1). The available 3GPP parameter sets do not define scenarios in between. A possible solution is the definition of a parameter set for OLOS (obstructed LOS). Two options for the OLOS model are proposed:
1. Low K-factor: LOS component still exist, but the power level is small compared to the (sum of) the remaining clusters). 
2. The specular LOS component is replaced by an “early cluster” with low median delay and a low intra-cluster delay spread. A truncated probability function ignoring delays < 0 (relative to LOS delay) shall be used for the intra cluster delay spread. 

[image: Macintosh HD:Users:ebl:Projekte_FhG:5G:Matlab:Work:channel_statistics:plots:CIR_examples_3GPP_38.901_Indoor_LOS.png]
Figure 3‑2: Examples (2 snapshots) of the channel impulse response for LOS

Observation 3: 	The parameter sets for LOS/NLOS are either oversimplified or the ToA error is mainly defined by the probability density functions of the delay of the first NLOS cluster. Scenarios with reflections or diffraction of the signal at objects close to the UE are not covered. 
Proposal 3: 	Introduce a parameter set covering OLOS (obstructed LOS) scenarios. 



Conclusions 
In this contribution, considerations on channel model requirements for positioning are provided. The following observations and proposals are given.

Observation 1: 	The parameters relevant for positioning are not well covered by the existing 3GPP model as defined by TR38.901.
Observation 2: 	3GPP channel models do not offer a direct definition of the statistical distribution of the delay of the first arriving signal. 
Observation 3: 	The parameter sets for LOS/NLOS are either oversimplified or the ToA error is mainly defined by the probability density functions of the delay of the first NLOS cluster. Scenarios with reflections or diffraction of the signal at objects close to the UE are not covered. 

Proposal 1: 	Study complementary modeling elements supporting the (better) adjustment of parameters relevant for positioning.
Proposal 2: 	Introduce a second set of parameters defining the properties of the “early cluster”.
Proposal 3: 	Introduce a parameter set covering OLOS (obstructed LOS) scenarios. 
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