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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]. 
[bookmark: _GoBack]In this contribution, we would like to provide more measurement results for IIOT scenarios, which focus on path loss model with different transceiver height. 
2 Preliminary measurements
2.1 Measurement Scenario and Sounding System
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[bookmark: _Ref3209907]Figure 1: The layout of the environment
[image: ]
[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 are 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 vector signal generator (Keysight E4438C) and a spectrum analyzer (Keysight N9030A) are used in the measurement. A PN sequence with length of 127 is generated at TX. The symbol rate is 50 Mbaud/s and the modulation type is BPSK. The zero-to-zero bandwidth is 100 MHz. The transmitted power is 0 dBm. The center frequency is 4.9 GHz. The sampling rate at the receiver is 150 MS/s. To increase the dynamic range of received signal, a power amplifier (PA) is used at TX. Its gain is 43 dB. The antennas at TX and RX are both standard dipole antennas. Their gains are both 2.15 dB. 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 impact of the transceiver height on the channel model. The similar investigation has already been done by Nokia in [3]. But the measured bandwidth is 100 MHz in our measurement, which is different from Nokia. Besides, the floating-intercept (FI) path loss model is selected in our analysis, which is more accurate in fitting the path loss results.
Before setting the transceivers’ heights, we first investigate the occupation area of the objections with different heights. Their distribution is shown in Figure 3. We choose three typical heights and combine four TX-RX cases as shown in Figure 4.
[image: ]
[bookmark: _Ref3215634]Figure 4: Four measured cases
The measurement Environment are shown in Figure 2, and the layout of the measurement environment is shown in Figure 3.Indoor industrial scenarios are really different with the traditional mobile systems scenarios. Examples are illustrated in the figure below.
2.2 The FI path loss model with different heights
 [image: ]
[bookmark: _Ref3217920]Figure 5: The thermodynamic diagram of received power. The path encircled in green is LOS path, the path encircled in red is NLOS path. The legend at bottom right corner explain the combination of the diagram
We plot the thermodynamic diagram of received power in Figure 5. 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. The case 1 has the strongest power in these four cases. The heights of the TX and RX are higher than the 90% objects in the environment and there is few obstructions in this case. Accordingly, the case 4, which has the lowest heights of transceivers, has the worst wireless channel. Surprisingly, the link situation is related not only to the heights of the transceivers but also the height difference of the transceiver. 
[image: ]
[bookmark: _Ref3233180]Figure 6: The path loss model in LOS scenario
[bookmark: _Ref3233219]Table 1 The parameters of the path loss model in LOS scenario
	TX (m) vs RX (m)
	

	
	 (dB)
	 
	 (dB)

	2.5 vs 2.5
	47.99
	13.97
	1.444

	2.5 vs 1.9
	53.81
	11.64
	1.507

	1.9 vs 1.9
	49.91
	13.66
	2.032

	1.9 vs 0.9
	50.86
	14.73
	1.873

	InH – Office-LOS
	46.2039
	17.3
	3



Here we plot path loss fitting lines of the LOS scenario in Figure 6 and list their model parameters in Table 1. Comparing with the InH-Office model in 3GPP 38.901, the exponents of path loss model in indoor industrial scenario are smaller. They vary from 11.64 to 14.73. But when the intercept is added in the path loss model, the InH-Office model line crosses with the fitting lines and its path loss values are within these four cases.

[image: ]
Figure 7: The path loss model in NLOS scenario
[bookmark: _Ref3238417]Table 2 The parameters of path loss model in NLOS scenario
	TX (m) vs RX (m)
	

	
	 (dB)
	 
	 (dB)

	2.5 vs 2.5
	38.36
	22.08
	1.662

	2.5 vs 1.9
	36.5
	25.09
	2.078

	1.9 vs 1.9
	35.75
	25.43
	1.405

	1.9 vs 0.9
	49.11
	18.59
	1.509

	InH – Office-NLOS
	34.4859
	38.3
	8.03

	InH – Office-NLOS-optional
	46.2039
	31.9
	8.29



From Table 2 we can see that the exponents of NLOS is smaller in indoor industrial than in InH-Office scenario. The average difference of path loss between these two scenarios is more than 20 dB. The metal material of the machine can bring rich reflections in industrial environment. This phenomenon is not obvious in LOS scenario, because the direct path carry the dominant power. But in NLOS scenario, most of the power are carried by reflections of metal. Thus the path loss of NLOS is far smaller in this environment. And the path loss fitting lines of case 2 and 3 are close to each other. That means the effect height of the link is restricted to the minimum value between the heights of TX and RX.

Observation 1: Field measurements and pathloss modeling have been presented in Table 1 and 2.


Observation 2: The exponent of path loss model in indoor industrial scenario is smaller than that in InH-Office scenario. The values of the path loss in these two scenarios are similar with each other in LOS. But the path loss is far smaller in NLOS case in indoor industrial scenario.

The transmitter, receiver height and clutter heights has a strong impact on the pathloss. Due to the propagation behavior could be different when the Txer or Rxer is above or below the clutters, the pathloss could be various. The pathloss modeling should consider the impact of Txer, Rxer and clutter height, even included in the pathloss function explicitly. 

Proposal 1: A factor should be introduced to illustrate the impact of the transceivers’ and clutter’s heights in the pathloss model.

3 Conclusions
In this contribution, we provide measurement results for IIOT scenarios, which focus on path loss model with different transceiver height. Some conclusions are listed below.

Observation 1: Field measurements and pathloss modeling have been presented in Table 1 and 2.

Observation 2: The exponent of path loss model in indoor industrial scenario is smaller than that in InH-Office scenario. The values of the path loss in these two scenarios are similar with each other in LOS. But the path loss is far smaller in NLOS case in indoor industrial scenario.

Proposal 1: A further path loss model may introduce a factor to illustrate the impact of the transceivers’ and clutter’s heights.
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