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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the framework of the new study item (SI) on channel model for indoor industrial scenarios. Here we provide an overview on DMC results for these environments.  This contribution is based on previous analysis on the R1-1905209 that presented channel characterization in the 2-6 GHz band for an industrial environment with high clutter density.  The results are proposed for the study item on channel modelling for indoor industrial scenarios[footnoteRef:1].  [1:  This work has been funded by the French National Agency for Research (ANR) under the project named MOREOVER. ] 

 
Dense Multipath Components (DMCs) 
In this section the modeling of the Dense Multipath Components (DMCs) of the measured data will be presented. Our proposed models are parametrized based on extensive measurement campaigns, where individual propagation paths are extracted with high- resolution algorithm (SAGE). When extracting individual propagation paths, part of the power is not captured. 
Therefore, DMCs describes the distribution of the radio channel emanating from diffuse scattering, which is difficult and computationally exhausting to capture using a superposition of deterministic propagation paths.  They are considered as the remaining complex impulse responses after removing the contribution of the reliable estimated specular components (SCs) and measurement. 
Omitting the DMC has been commonly recognized as being one of the most fundamental problems in all measurement-based channel models. The problem in omitting the DMC from the models is that, in addition to an underestimation of the received power, the multipath richness becomes underestimated, and, subsequently, the impact on the system level is seen as an underestimated channel capacity.
In the first sub-section, we will use the proposed approach in [2] to model the DMCs in the time-delay domain. In the second sub-section, the room electromagnetics’ approach developed in [4] will be applied to our use-cases to model the diffuse components of the measured PDPs.
DMC in delay domain
Undoubtedly, the most significant factor in the characterization and modeling of the DMC is to quantify the proportion of the power carried by the DMCs over the total measured power in the different scenarios. The mean percentage of the DMC power in the LOS conditions is 11.84 %. As expected, the proportion of DMC over the total measured power in the OLOS and NLOS conditions are higher with respectively a mean percentage of the DMC of 23.89 % and 24.70 %. 
The scope of this study is limited to the temporal modeling of the DMC contribution.  The measured power delay profile of the first measured point in the LOS scenario and the reconstructed PDP from the SAGE algorithm are plotted in Figure 2‑1. Furthermore, the residual part representing the contribution of the DMCs is also plotted in Figure 2‑2.  It is important to note that the figures are not plotted to the same scale. 
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[bookmark: _Ref522545013]Figure 2‑1 : Measured PDP and the the SAGE estimated PDP
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[bookmark: _Ref522545070]Figure 2‑2 : Residual PDP



Different works tend to model the PDP of the dense components through an exponentially decaying function [2][3].  
The exponential power profile  can thus be described by the parameters peak power , base delay  and slope :

	
	
	(1)


 is the coherence bandwidth of the dense components,  is the base delay of the diffuse components normalized to the total length of the observed impulse-response.  is the power of the diffuse components at . Typically  represents the highest value of the power-delay profile. 

Observing the PDP of the DMCs (Figure 2‑2), one can notice two exponentially decaying functions. Indeed, there is a significant contribution of late DMCs arriving around 470 ns. Therefore, we considered two models for the DMCs in these measurements. In the first model, the whole PDP is considered at once while in the second one, we modeled the DMCs as two individual exponential decaying functions. 
The first model is plotted in Figure 2‑3 while the second model is depicted in Figure 2‑4. The accuracy of the models can be judged on the evaluation of the RMS delay spread. Based on the residual part of the measured PDP, we obtained a delay spread of 110.5 ns. The RMS delay spreads retrieved from model 1 and model 2 are 134.4 ns and 194.4 ns respectively. The percentage error of the model 1 is estimated at 25 % while that of model 2 is larger with 75 %. Therefore, it seems better to consider the whole PDP at once when modeling the contribution of the DMCs in the delay domain. 
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[bookmark: _Ref522627774]Figure 2‑3 : DMC  model 1
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[bookmark: _Ref522627777]Figure 2‑4 : DMC model 2



The room electromagnetics’ approach
In this section, the electromagnetic reverberation time model is proposed. It is based on the theory of room electromagnetics which has been developed in [4] in analogy of the well-established theory of room acoustics. Basically, the room electromagnetics describes the PDP in indoor environments as a superposition of two parts: a LOS component (if present) plus the rest, which is composed of the diffuse multipath components as shown in Fig. 1 in [6]. Thus supposes that the weak specular contribution are neglected in the dense multipath components, hence yielding the diffuse multipath components. 
The basic model simply considers the first arriving LOS signal if present and the other multiple components arising from reflections, diffractions and scattering which give rise to a tail with an exponential decay in the received power as a function if the arrival delay [5]. The exponential decay in the delay domain has a time constant denoted as the reverberation time. 
Estimation of the reverberation time
If the exponential decaying PDP is plotted into logarithmic scale, a linear tail with a negative slope is observed in the decay process. The reverberation time is related to the slope of the decaying tail through the expression given in :
	
	
	[bookmark: Eq4_28_reverb_time](2)


where  is the reverberation time,  is the Euler’s number (= 2.718) and slope is defined the coefficient of the exponentially decaying tail of the PDP. A large value of  shows the slow decay of the diffuse fields in the considered environments. In other words, it indicates how fast the electromagnetic energy is absorbed by the materials and objects in the considered environment.   In Figure 2‑5, the measured PDP at the first measuring point M0 is plotted in logarithmic scale. As seen in the previous section, the PDP can be split in two parts as there is presence of late power contributors. In the first part, we can observe a linear decaying function which is not the case in the second part of the PDP (as from approximately 450 ns).
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[bookmark: _Ref523143290]Figure 2‑5 : The measured PDP at M0 in the LOS scenario
We consider, at first, two cases to determine the reverberation time using the room electromagnetics’ approach. Firstly, the whole PDP after the LOS contribution is used to evaluate the reverberation time as shown in Figure 2‑6. In the second place, only the first part of the PDP leading to a linear regressive function will be kept (Figure 2‑7) to evaluate the reverberation time of the environment. Thus contributions of MPCs with very late time of arrival are discarded. 
In the first model, we obtained a reverberation time of 105.29 ns while a value of 47.67 ns upon consideration of the first part. The latter is closer to the reverberation time of 36 ns obtained in a mechanical room [6].  Higher value in our environment was expected as there were presence of larger metallic objects. Values in classical indoor environments range from 21.6 ns [4] to 27 ns [7].
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[bookmark: _Ref523144252]Figure 2‑6 : Room electromagnetic model 1
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[bookmark: _Ref523144279]Figure 2‑7 : Room electromagnetic model 2
Furthermore, the reverberation time for each scenario at every measuring points will be tabulated below. Let us recall that only the first part of the PDP is considered here. Table 2‑1, Table 2‑2 and Table 2‑3 resume the evaluated reverberation times in the LOS, OLOS and NLOS scenario respectively. We can notice that the values are close to each other albeit the change in measuring points or even the scenario. This is in accordance with the general diffuse theory [8], which implies that the tail of the diffuse component is approximately the same regardless of the measured position.

[bookmark: _Ref523147038]Table 2‑1 : Reverberation time in the LOS scenario
	
	LOS scenario

	Measured points
	M0
	M1
	M2
	M3
	M4
	M5
	M6
	M7
	M8
	M9

	(m)
	20. 5
	19.5
	18.5
	17.5
	16.5
	15.5
	14.5
	13.5
	12.5
	11.5

	 (ns)
	47.67
	49.36
	51.27
	49.86
	48.5
	49.49
	50.49
	50.22
	49.25
	19.52



[bookmark: _Ref523147041]Table 2‑2 : Reverberation time in the OLOS scenario
	
	OLOS scenario

	Measured points
	M0
	M1
	M2
	M3
	M4
	M5
	M6
	M7
	M8

	(m)
	10
	9
	8
	7
	6
	5
	4
	3
	2

	 (ns)
	51.17
	48.65
	49.08
	49.4
	47.68
	47.28
	27.50
	45.81
	46.50



[bookmark: _Ref523147043]Table 2‑3 : Reverberation time in the NLOS scenario
	
	NLOS scenario 

	Measured points
	M0
	M1
	M2
	M3
	M4
	M5
	M6
	M7
	M8
	M9

	(m)
	26
	25
	24
	23
	22
	21
	20
	19
	17.5
	16.5

	 (ns)
	50.09
	49.67
	48.78
	47.92
	52.36
	51.21
	52.46
	52.26
	52.56
	51.24

	
	NLOS scenario

	Measured points
	M10
	M11
	M12
	M13
	M14
	M15

	(m)
	15.5
	14.5
	13.5
	12.5
	11.5
	10.5

	 (ns)
	52.30
	50.43
	48.24
	47.25
	46.63
	47.91




CONCLUSIONS
Dense Multi Path components (DMCs) can have a strong impact on channel characteristics especially in those scenarios with high clutter density. Obviously the definition of DMCs and the way are extracted from measurements can have an impact on modeling. Here we consider the DMCs as the remaining part of the channel after SAGE algorithm specular components extraction. The DMCs can be modeled with a simple exponential decay of the residual PDP or with the room electromagnetics’ approach

Proposal 
Include DMCs as additional feature in IIOT channel model, by modeling the residual PDP with an exponential decay or using room electromagnetics’ approach.    
The values can be used for 3GPP model parametrization in scenario with high density clutter and clutter-embedded antennas/
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