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Introduction
[bookmark: _Hlk510705081][bookmark: _GoBack]Performance studies for URLLC in indoor industrial environments (Rel. 16) currently rely on the 3GPP Indoor Hotspot – Office channel model (InH) [1] as a baseline model for the evaluations. Meanwhile, it was recognized that the InH model may not represent industrial scenarios well, and a new radio propagation model for in industrial scenarios is set to be investigated as part of a recently approved Rel-16 SI [2].
However, the output of the channel model SI [2] will be too late for the URLLC SI. In order to be able to generate realistic URLLC performance results (as part of the ongoing URLLC SI), we present proposals in this contribution for modifying some of the parameters for the InH channel model. In particularly, we propose using different parameterization of path loss exponents and LOS probabilities to have a more realistic URLLC performance evaluation. Notice that applying these simple parameter adjustments for the InH model will have impact on the interference coupling between cells, and therefore also on the URLLC performance, and benefit of various Rel-16 enhancements to improve the URLLC performance. 
In order to justify the suggested parameter revisions of the InH channel model to better reflect the performance of URLLC for factory cases, a set of recent radio propagation measurement results from an operational factory floor at 3.5 GHz and 28 GHz for distances up to 100 m are presented. The measurement results are presented and put in perspective of the aforementioned InH model. For the factory scenario in the current URLLC SI, the carrier frequency has already been selected to 4 GHz as the starting point, and hence the results for 28 GHz may be of less importance in the context of this SI if it is not added later on as part of the simulation assumptions. Nonetheless, it is included as additional information for later studies considering new spectral allocations for industrial wireless [3].  
Based on reported measurements and literature review, we suggest two different InH parameterizations: one for elevated gNBs (as currently assumed in the URLLC SI default simulation assumptions), and a case where gNB antennas are deployed at a much lower height, also known as clutter-embedded deployment. We also suggest two different LOS probabilities, which accommodate two different types of industrial clutter: open production space and dense factory.
The measurement campaign is shortly summarized in Section 2. The measurement results are presented and compared with the baseline model in Section 3. Section 4 summarizes our vision on the industrial channel model and details the proposed re-parametrization of the InH model. Finally, the concluding remarks are presented in Section 5.
Measurement Campaign
The results presented in this document were obtained from measurements performed at an operational factory hall of approximated dimensions 110 m x 60 m x 5 m. The environment includes several mixed production areas with open spaces and production/assembly lines, storage areas, and also several cleanrooms separated by glass walls from the rest of the facility. The measurements were taken while the factory was operational, so there were active workers around the measurement areas throughout all the activity.
Narrowband continuous wave (CW) measurements were performed for LOS and NLOS conditions in different hallways covering distances of up to 100 m. The measurements were performed independently for 3.5 GHz and 28 GHz, over the exact same routes but with different setups, and at different times (but within the same day and working shifts).
The measurement setups at both frequencies considered a very similar link configuration with both transmitter and receiver ends located at lower heights than the average height of the surrounding clutter. For 3.5 GHz, a 40deg Half Power Beam Width (HPBW) panel antenna was deployed at the transmitter side with a fixed position, orientation at a height of 2.6 m. At the moving receiver side, an omni-directional antenna was used, mounted on a trolley at 1.75 m height. The setup at 28 GHz was slightly different, considering a fixed-orientation 50deg HPBW horn antenna at 1 m height, and a moving receiver with a 10 deg HPBW horn antenna mounted on an ultra-high-speed rotating platform at 2.6 m. Both the 3.5 GHz and 28 GHz measurements considered vertical polarization.
Apart from the different setups, different measurement procedures were used for each of the frequencies. The 3.5 GHz measurements were done by moving the receiver along the routes at walking speed, while the 28 GHz measurements were done by moving the receiver over the route in 1 m steps and recording many directional measurements at each of the points. Fast-fading was removed from the measurements by spatial averaging over multiple realizations in the case of 3.5 GHz, and by angular averaging over multiple realizations for the 28 GHz case.
All resulting measurement samples after averaging were properly calibrated and compensated accounting for transmit power, antenna gains, and cable losses to compute the overall link path loss (PL) results that are presented in Section 3.
Discussion of Measurement Results
The measurement results, are displayed in terms of path loss in Figs. 1 and 2, for 3.5 and 28 GHz, respectively.  Each of the figures displays the line-of-sight (LOS) and non-line-of-sight (NLOS) data as well as their linear fit models, the free space path loss reference (FSPL), and the reference 3GPP Indoor Hotspot – Office for each of the frequencies. A summary of the parameters of each of the models is presented in Tab. 1. For simplicity and easy comparison, all the models have been adjusted to the same single-slope floating-intercept formulation:
PL [dB] = + 10 · n · log10(d) + XSF
Where  is the floating offset value in dB,n is the slope and captures how the path loss (PL) increase as the transmit-receive in distance (d) in meters increases, and XSF is a zero-mean Gaussian random variable with a standard deviation (σSF) in dB describing large-scale signal fluctuations (i.e., shadowing) around the mean path loss.
	
	
	3.5 GHz
	28 GHz

	
	Parameter
	
	n
	SF
	
	n
	SF

	LOS
	Measurement Linear Fit
	43.5
	2
	3.4
	60.9
	2
	3.4

	
	Free Space
	43.3
	2
	-
	61.4
	2
	-

	
	3GPP Indoor Hotspot [1]
	43.3
	1.73
	3
	61.3
	1.73
	3

	NLOS
	Measurement Linear Fit
	21.6
	4.3
	6.1
	42.1
	4.5
	3.2

	
	3GPP Indoor Hotspot [1]
	43.3
	3.19
	8.29
	61.3
	3.19
	8.29


Table 1. Summary of model parameters.
As it can be seen, in LOS conditions, propagation at both frequencies is in good agreement with free space (slope n=2). It should be noted that in the case of 3.5 GHz, LOS measurements were only possible up to a distance of 25-30 m due to operational constraints in the scenario. After that distance, measurements were in almost-LOS (ALOS), which explains the change in slope for longer distances.
For the NLOS case, it can be seen in the figure, how the data at 3.5 GHz and 28 GHz present slopes close to n=4 in both cases (n=4.3 for 3.5 GHz and n=4.5 for 28 GHz). Such similar slopes at both frequencies indicate little frequency dependence for this particular scenario. Moreover, the measured path loss offset between 3.5 GHz and 28 GHz was in the range 16-22 dB (where the nominal expected was 18 dB).
[image: ]
Figure 1. Measurement results and models at 3.5 GHz.
[image: ]
Figure 2. Measurement results and models at 28 GHz.
Tab. 2 summarizes the fit of the different models to the measurements. These results provide numerical support to the good agreement of the free space to the LOS data. With respect to the reference 3GPP Indoor Hotspot – Office model, as it can be seen in Figs. 1 and 2, the model is able to predict with a certain degree of accuracy the path loss in both LOS and NLOS conditions. 
In LOS, the baseline 3GPP model underestimates by an approximate average of 3 dB the path loss, especially at long distances. This is due to the fact that the 3GPP model assumes clear waveguiding effect (slope n<2), which was not observed in the measurement. On the other hand, for NLOS, the 3GPP model overestimates the measured path loss at both frequencies, with an average deviation of 2-4 dB. The slope of the 3GPP NLOS model (n=3.19) is lower than the one observed in the measurements (n>4).
	
	
	3.5 GHz
	28 GHz

	
	Error
	Mean [dB]
	Std. [dB]
	RMS [dB]
	Mean [dB]
	Std. [dB]
	RMS [dB]

	LOS
	Measurement Linear Fit
	-
	3.4
	3.4
	-
	3.4
	3.4

	
	Free Space
	-0.5 
	3.4
	3.4
	0.9
	3.4
	3.5

	
	3GPP Indoor Hotspot
	-3.4
	3.6
	4.9
	-3.2
	3.5
	4.8

	NLOS
	Measurement Linear Fit
	-
	6.1
	6.1
	-
	3.2
	3.2

	
	3GPP Indoor Hotspot
	3.9
	6.7
	7.8
	2.4
	4.6
	5.1


Table 2. Summary of the fit between models and measurements.
Proposed revision of the InH model parameters
As it was shown in the previous section, the 3GPP Indoor Hotspot – Office (InH) model is able to predict to some extent the path loss in industrial scenarios. In order to account for those essentials of the industrial scenarios, we propose to keep the formulation of the baseline model – detailed in Appendix A as reference, considering different parametrizations in order to account for the two main deployment options (elevated or clutter-embedded gNBs) and industrial clutter environments (open production space or dense factory).
More specifically, Table 3 summarizes the slightly revised InH channel model to better reflect the factory automation scenarios. 
	Industrial Indoor
	LOS
	
	
	

	
	NLOS
	
	
	

	
	
	
Elevated gNBs: 

Clutter-embedded gNBs: 

	

	
	LOS pr.
	


Open production space: 

Dense factory: 

	


Table 3. Revised InH channel model.

[bookmark: _Hlk525058927]Having reviewed relevant literature [4][5][6][7], we propose that by using the proposed fixed 1m intercept formulation, the model can be tuned in a simple manner to capture the main industrial characteristics and propagation dynamics by acting mainly on the definitions of NLOS path loss exponent (nNLOS), and standard deviation of the shadow fading (SFNLOS) and the LOS probability distribution (prLOS). The correct parametrization of each of the model parameters is essential for obtaining realistic URLLC performance results from dynamic system level simulations.
· In LOS, the use of the free space path loss model is suggested as most of the reviewed measurement documents [4][5][6][7] report slopes close to n=2 in LOS conditions. The only dependencies for this part of the model are thus distance and frequency. By considering specific standard deviations of the shadow fading per scenario, the model can account for almost-LOS and waveguiding effects (region above and below the mean path loss, respectively). The standard deviations, independently of the scenario are expected to be low and close to 3 dB. These are consistent with our measurement results in Section 3.

· For NLOS, the model should be able to accommodate at least two main situations:
· gNB (transmitter) antennas deployed in elevated positions above average clutter level and UE (receiver) antennas embedded in clutter: will result in low NLOS path loss exponents close to nNLOS=2.5, and standard deviation of shadow fading SFNLOS in the order of 3-6 dB. The specific values considered in Tab. 3, nNLOS=2.47 and SFNLOS=5.17 dB, are an average of those reported in [5]. 
· Both gNB and UE antennas embedded in clutter: will result in larger slopes and standard deviation for shadow fading than the case with elevated antennas (nNLOS of approximately 3, SFNLOSaround 6-8 dB). The specific values considered in Tab. 3, nNLOS=2.96 and SFNLOS=7.56 dB, are an average of those reported in [4][5][7]. 
To keep it simple, we believe that the distinction in type of clutter can be done by using different LOS probabilities. Open production spaces (OPS) with low density of machinery will present higher LOS probability than dense factory clutter (DFC) scenarios, where the presence of large machines will result in a higher probability of shadowing. This fact can be modeled by considering an exponential LOS probability function defined in terms of a reference distance (dref) and exponential decay rate (K). In open spaces, both dref (proportional to, for example, inter-machine distance) and K (inverse proportional to the scenario density) will be larger than in dense scenarios, as this will result in a slower decaying probability, starting at longer distances. The specific values of dref and K considered in Tab. 3, have been estimated assuming an industrial scenario of 100 m x 100 m. 
As an illustration of the envisioned outcome of the proposed industrial channel model, Fig. 3 displays the results of a small simulation exercise, considering the 4 different cases defined in Tab. 4. They have been calculated over a 100 m x 100 m grid, with a resolution of 1 m, with an access point located at position (0,0), considering a carrier frequency of 4 GHz. As a reference, some of the plots in Fig. 3 display as well the results for the original InH open and mixed office definitions.
	
	Open Production Space
	Dense Factory

	Elevated gNB
	gNB height = 10 m
UE height = 1.5 m
	gNB height = 10 m
UE height = 1.5 m

	Clutter-embedded gNB
	gNB height = 2.5 m
UE height = 1.5 m
	gNB height = 2.5 m
UE height = 1.5 m


Table 4. Summary of 4 simulated industrial cases based on the proposed model.
As it can be seen from the dynamics in the different subfigures, by using simplified definitions and dependencies, the revised InH model is able to discriminate between elevated or clutter-embedded access point position as well as between light or dense clutter. 

[image: C:\Users\irl\Desktop\3GPP_5G-ACIA_industrial\contributions\mode_eval.png]
Figure 3. Proposed industrial channel model evaluation results.
[bookmark: _Hlk525480048]Concluding Remarks
In this contribution we have proposed a simple set of revisions for the InH channel model to have it more accurately reflect factory scenarios, and thereby enable more realistic URLLC performance assessments under the ongoing URLLC SI. Focusing on the 4GHz carrier frequency case, we conclude as follows:
· The original InH is able to predict the propagation in industrial scenarios for low gNB antennas embedded in the clutter.
· With only minor parameterization updates of the InH channel, it can to a large extent represent the propagation behaviour for factory automation cases.

· In particular, for the case with elevated gNB antennas (as currently assumed for the default URLLC factory simulation assumptions), the following revisions of the InH model are proposed to be used:
· For LOS, the pathloss exponent shall be set to nLOS=2 and the shadow fading standard deviation should equal 3 dB.
· For NLOS, the path loss exponent shall be set to nNLOS=2.47 and the shadow fading standard deviation should equal 5.17 dB.
· For the Open Production Space (OPS) factory scenario (i.e. as is the case for the URLLC factory automation simulation scenario), the expression for probability of LOS shall equal 1 for distances up to 10 meters, and exponentially decay with rate 1/(101.5) for longer distances. 
Notice that those revisions will result in higher inter-cell interference due to lower pathloss exponents, and hence will influence on the URLLC performance, and therefore also on the benefit of potential Rel-16 URLLC enhancements. Therefore, we suggest to consider those parameter modifications for the InH model for URLLC SI studies.      
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Appendix A – 3GPP Indoor Hotspot – Office Model (InH) [1]
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The probability of LOS was derived assuming antenna heights of 3m.
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a) PL, Industrial Scenario, 100x100m, fc=4GHz
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