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1 [bookmark: _Toc120549591]Introduction
[bookmark: _Hlk525744147]In RAN#81, a new RAN1-led SI on Channel modeling for Indoor Industrial scenarios [1] was approved. In RAN1#95, we provided our initial proposal and channel measurement results for the indoor industrial scenario [2]. 
In this contribution, we would like to provide more measurement results for IIOT scenarios focusing on 28 GHz pathloss and LOS probability analysis.
2 28GHz field measurements
2.1 Measurement Scenario and Sounding System
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[bookmark: _Ref3209907]Figure 1: The layout of the environment
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[bookmark: _Ref3211449]Figure 2: The power setting of the channel sounder
Recently, we conducted a series of measurements in the machine shop. The dimension of the measurement factory is 50 m×70 m×12 m. The building material of the factor is metal. The objects in this scenario is machine tools. The layout of the environment is shown in Figure 1 We select six routes to conduct the measurements. The TX is placed at a fixed point and the RX is placed along these six routes. The interval space between the adjacent RX positions is 1 m.
A broadband correlator channel sounder is used in the measurement. In [3], the same broadband correlator channel sounder is used. A PN sequence with length of 511 is generated at TX. The symbol rate is 400 MS/s and the modulation type is BPSK. The zero-to-zero bandwidth is 800 MHz. The transmitted power is -5 dBm. The center frequency is 28 GHz. The sampling rate at the receiver is 1.2 GS/s. The acquire length at the receiver is 3 PN and the acquire rate is 200 Hz. To increase the dynamic range of received signal, a power amplifier (PA) is used at TX and a low noise amplifier (LNA) is used at RX. Their gains are 56 and 63 dB, respectively. The antennas at TX and RX are both omnidirectional biconical antennas. Their gains are 5.3 dB at TX and 6.15 dB at RX. The detail of the power setting can be seen in Figure 2.
[image: ]
[bookmark: _Ref3209171]Figure 3: The occupation area of the objects with different heights
In these measurements we try to study the fast fading characteristics in IIOT scenarios at 28 GHz. Besides, channel model parameters of Indoor-Office in 3GPP 38.901 is selected in our analysis.
Before setting the transceivers’ heights, we first investigate the occupation area of the objections with different heights. Their distribution is shown in Figure 3. Based on the above figure, we set the height of TX and RX to 1.9 meters which is a typical choice.

2.2 The CI path loss model at 28 GHz
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[bookmark: _Ref11853647]Figure 4: The thermodynamic diagram of received power. The path encircled in black is LOS path, the path encircled in red is NLOS path.
We plot the thermodynamic diagram of received power in Figure 4. From this figure, we can observe that the power variation is obvious in LOS. But it doesn’t vary a lot in NLOS routes. The receiver power has strong correlation with the link between the transceivers. 
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[bookmark: _Ref3233180]Figure 5: The path loss CI model in LOS scenario
[bookmark: _Ref3233219]Table 1 The parameters of the path loss CI model in LOS scenario
	TX (m) vs RX (m)
	

	
	 (dB)
	 
	 (dB)

	1.9 vs 1.9-IIOT-LOS
	61.3
	21.9
	2.3

	InH – Office-LOS
	61.3
	17.3
	3



Here we plot path loss fitting lines of the LOS scenario (CI) in Figure 5 and list their model parameters in Table 1. Compared with the InH-Office model in 3GPP 38.901, the exponent of path loss model in indoor industrial scenario is larger. So the InH-Office model line is below the fitting line of indoor industrial scenario. In the range of 0 to 70 meters, the value of path loss in indoor industrial scenario is larger than that in free space. Besides, the shadow fading () of path loss model in indoor industrial scenario is smaller.
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Figure 6: The path loss CI model in NLOS scenario
[bookmark: _Ref3238417]Table 2 The parameters of path loss CI model in NLOS scenario
	TX (m) vs RX (m)
	

	
	 (dB)
	 
	 (dB)

	1.9 vs 1.9-IIOT-NLOS
	61.3
	27.3
	3.9

	InH – Office-NLOS (CI)
	61.3
	31.9
	8.29



From Table 2, we can see that the value of the NLOS exponents in indoor industrial scenario is smaller than that of the InH-Office model, which is different from the LOS case. Most of the measured data are below the curve of the InH-Office model. In addition, the shadow fading () of NLOS path loss model in indoor industrial scenario is smaller than that of NLOS InH-Office model. In general, the path loss of indoor industrial scenario is smaller in the range of 20 to 80 meters. Compared with the free space model, the value of path loss in indoor industrial scenario is larger than that in free space. In conclusion, there is a different trend between LOS and NLOS path loss model in indoor industrial scenario that signal attenuation in indoor industrial scenario is less than that of NLOS InH-Office model at 28GHz, which is contrary to LOS case. A class of metal obstacles represented by machine tools in indoor industrial scenarios tend to generate more multi-path components, which is one of the reasons for less path loss of indoor industrial scenarios in the NLOS case. Moreover, the industrial measurement scenario is emptier than the general indoor scenario (the unoccupied area is 84.1%), which also leads to smaller path loss in NLOS condition.

2.3 The FI path loss model at 28 GHz
Here we plot path loss fitting lines (FI) of the LOS scenario in Figure 7 and list their model parameters in Table 3. 
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[bookmark: _Ref11853991]Figure 7: The path loss FI model in LOS scenario
[bookmark: _Ref11854132]Table 3 The parameters of the path loss FI model in LOS scenario
	TX (m) vs RX (m)
	

	
	 (dB)
	 
	 (dB)

	1.9 vs 1.9-IIOT-LOS
	71.1
	14.8
	1.1

	InH – Office-LOS
	61.3
	17.3
	3



Compared with the InH-Office model in 3GPP 38.901, the exponent of path loss model in indoor industrial scenario is smaller while the intercept in indoor industrial scenario is larger. In the range of 0 to 70 meters, the value of path loss in indoor industrial scenario is larger than that in free space. From the trend of fitting line, the path loss in indoor industrial scenario will be less than that in free space over 70 meters. Besides, the shadow fading () of path loss model in indoor industrial scenario is smaller.
[image: ]
Figure 8: The path loss FI model in NLOS scenario
[bookmark: _Ref11854236]Table 4 The parameters of path loss FI model in NLOS scenario
	TX (m) vs RX (m)
	

	
	 (dB)
	 
	 (dB)

	1.9 vs 1.9-IIOT-NLOS
	40.9
	40.5
	3.5

	InH – Office-NLOS (FI)
	53.3
	38.3
	8.03



From Table 4, we can see that the value of the NLOS exponents in indoor industrial scenario is slightly larger than that of the InH-Office model, which is different from the LOS case. Besides, it is noteworthy that the intercept (A) of NLOS path loss model in indoor industrial scenario is smaller than that of NLOS InH-Office model. In addition, the shadow fading () of NLOS path loss model in indoor industrial scenario is smaller than that of NLOS InH-Office model. In general, the path loss of indoor industrial scenario is smaller in the range of 20 to 80 meters. Compared with the free space model, the value of path loss in indoor industrial scenario is larger than that in free space. In conclusion, there is a different trend between LOS and NLOS path loss model in indoor industrial scenario that signal attenuation in indoor industrial scenario is less than that of NLOS InH-Office model at 28GHz, which is contrary to LOS case. The characteristics of metal obstacles and clutter from machine tools in indoor industrial scenario may be the reason for larger path loss in LOS condition. Moreover, the industrial measurement scenario is emptier than the general indoor scenario (the unoccupied area is 84.1%), which also leads to smaller path loss in NLOS condition.

Observation 1: As far as FI model is concerned, the exponent of path loss model in indoor industrial scenario is slightly smaller than that in InH-Office scenario in LOS, slightly larger than that in NLOS. Besides, the path loss in indoor industrial scenario is larger than that of the InH-Office model in LOS, however, smaller than that in NLOS. 

Observation 2: As far as CI model is concerned, the exponent of path loss model in indoor industrial scenario is larger than that in InH-Office scenario in LOS, smaller than that in NLOS. The trend of the exponent in CI model is opposite to that of FI model. Besides, the path loss in indoor industrial scenario is larger than that of the InH-Office model in LOS, however, smaller than that in NLOS. 

Due to the characteristics of metal obstacles and clutter from machine tools in indoor industrial scenario, signals can be greatly attenuated in indoor industrial scenario at 28 GHz in LOS compared with the InH-Office model. Moreover, the emptier industrial measurement scenario (the unoccupied area is 84.1%) led to smaller path loss in NLOS condition. The pathloss modeling should consider the impact of different clutter density, and we should research on the impact of different height of base station (above or below the obstacles) and different clutter density.

Proposal 1: A further path loss model needs consider the sensitivity of clutter density and introduces the impact of different height of base station (above or below the obstacles).

3 LOS probability simulation and analysis
3.1 Indoor industrial scenarios layout
The measured industrial scenario is filled with various mechanical equipment, and its geometric size is 66 × 50 × 13 m3. The highest equipment is 4.75 m and the lowest one is 0.75 m. The height of the rest equipment mainly distributes from 1.3 to 2 m. The layout of the environment is presented in Figure 9. The digital map of the industrial scenario is shown in Figure 10. 
	
[image: ]


[bookmark: _Ref11330994]Figure 9: The layout of the measured indoor industrial environment.
[image: ]
[bookmark: _Ref11331086]Figure 10：Digital map for the industrial scenario
3.2 Simulation result and analysis
During the simulation, the 5000 simulated points are randomly placed in the scenario. The coverage of the scenario and the simulation settings are listed in Table 1. 
[bookmark: _Ref11334182]Table 1: The simulation settings
	Parameters
	Value

	Frequency (GHz)
	4.9

	Antenna height of TX (m)
	1.9

	Antenna height of RX (m)
	1.3 and 0.9

	Coverage (m2)
	66 × 49

	Position of BS (m)
	[37.37, 24.03]



[image: ]
Figure 11: The simulation result when the antenna height of RX is 0.9 m
[image: ]
Figure 12: The simulation result when the antenna height of RX is 1.3 m
It’s obvious that the height of the receiving antenna has significant effect on the LOS probability when it is far from the base station. Comparing with the results of 0.9 m, the receiving antenna with the height of 1.3 m has a greater LOS probability, and it is due to the difference in height of the equipment around the receiving antenna.

[image: ]
Figure 13: The fitting model of LOS probability when the antenna height of RX is 0.9 m

[image: ]
Figure 14: The fitting model of LOS probability when the antenna height of RX is 1.3 m


Based on the simulation results above, we can see that the result of LOS probability can be fitted by a piecewise function, which is consistent with [4] that LOS probability is always modelled as a continuous piecewise function with T-R distance, consisting two or three segments. The form of the piecewise function is closely related to the height of the antenna, the coverage and the density of the scatters in the surrounding environment. 
Observation 3: LOS probability decreases as Tx-Rx 3D distance increases. 
Observation 4: The ray-tracing-based LOS probability varies with the height of the receiving antenna.
The simulation results based on ray-tracing are fitted by piece-wise functions as following:
If the height of the receiving antenna is 0.9 m, the LOS probability function is:

If the height of the receiving antenna is 1.3 m, the LOS probability function is:

Where the  is the 3D distance, and the  and  are the breakpoint distances. 
Proposal 2: The distance in the LOS probability model should consider the 3D distance, because the antenna height has significant impact on the model.
Proposal 3: The number of piecewise functions in the model should be further discussed
3.3 Comparison and analysis
In [5], the LOS probability is given by , where  is the clutter density (10%, 20%, etc), and  is the typical clutter width. While in [6], the LOS probability model in IIOT scenario is proposed as :

We compare the LOS probability model proposed in this report with the models of [5] and [6], and the results are shown in Figure 15 and Figure 16, respectively.
[image: ]
[bookmark: _Ref11338107]Figure 15: The comparison result between the proposed model and the reference [5]

It can be seen from the Figure 15 that when the T-R distance is in the range of 10-50 meters, LOS probability of the proposed model is very close to the LOS probability of 20% occupancy and 10% occupancy in [5]. When the UE’s height is 1.3 m, the LOS probability model is closer to 20% occupancy. When the height is 0.9 m, LOS probability is closer to model of 10% occupancy.

[image: ]
[bookmark: _Ref11338210]Figure 16: The comparison result between the proposed model and the reference [3]

Figure 16 is a comparison result of the LOS probability model between our proposed model and [6]. It can be seen that when the distance of TR is greater than 5 meters, regardless of whether the antenna height at the receiving end is 0.9 meters or 1.3 meters, The LOS probability of the model is lower than [6]. One of the reasons is that the height of the BS in [6] is 2 meters, and due to the limitations of the actual factory environment, the BS height of the LOS probability model proposed in this report is 1.9 meters. In addition, the environment of the two models and the coverage of BS and the distribution of the surrounding scatters are not exactly the same, which leads to different final results.
4 Conclusions
In this contribution, we provide measurement results for IIOT scenarios, which focus on path loss model at 28 GHz and LOS probabilities. Some conclusions are listed below.

Observation 1: 
As far as FI model is concerned, the exponent of path loss model in indoor industrial scenario is slightly smaller than that in InH-Office scenario in LOS, slightly larger than that in NLOS. Besides, the path loss in indoor industrial scenario is larger than that of the InH-Office model in LOS, however, smaller than that in NLOS. 

Observation 2: 
As far as CI model is concerned, the exponent of path loss model in indoor industrial scenario is larger than that in InH-Office scenario in LOS, smaller than that in NLOS. The trend of the exponent in CI model is opposite to that of FI model. Besides, the path loss in indoor industrial scenario is larger than that of the InH-Office model in LOS, however, smaller than that in NLOS. 

Observation 3: 
LOS probability decreases as Tx-Rx 3D distance increases. 

Observation 4: 
The ray-tracing-based LOS probability varies with the height of the receiving antenna.

Proposal 1: A further path loss model needs consider the sensitivity of clutter density and introduces the impact of different height of base station (above or below the obstacles).

Proposal 2: The distance in the LOS probability model should consider the 3D distance, because the antenna height has significant impact on the model.

Proposal 3: The number of piecewise functions in the model should be further discussed
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