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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, which focus on fast fading modeling at 28 GHz. 
2. Preliminary 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. The antenna is omnidirectional in horizontal level.
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.
[bookmark: _Hlk9597334]A broadband correlator channel sounder are used in the measurement. In [3], the same broadband correlator channel sounder are 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.
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[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. The total occupation rate of the clutters is 15.9%. Based on the above figure, we set the height of TX and RX to 1.9 meters which is a typical choice.
2.2 RMS delay spread model at 28 GHz
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Figure 4: The RMS delay spread model in LOS scenario
[bookmark: _Ref11832842]Table 1: The parameters of RMS delay spread in LOS scenario
	TX (m) vs RX (m)
	LOS

	
	Mean
	Sigma

	1.9 vs 1.9-IIOT-LOS
	-7.32 (47.86 ns)
	0.23

	InH – Office
	-7.71 (19.65 ns)
	0.18



From the Table 1, it’s obvious that the mean value of the RMS delay spread in indoor industrial scenario is larger than that in InH-Office scenario. There are rich reflections in the measured scenario. As a result, the standard deviation of RMS delay spread in indoor industrial scenario is larger than that in InH-Office scenario.
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Figure 5: The RMS delay spread in NLOS scenario.
[bookmark: _Ref11832901]Table 2: The parameters of RMS delay spread in NLOS scenario
	Tx (m) vs Rx (m)
	NLOS

	
	Mean
	Sigma

	1.9 vs 1.9-IIOT-NLOS
	-7.17 (67.61 ns)
	0.30

	InH – Office
	-7.58 (26.15 ns)
	0.20



From the Table 2 we can see that the mean value of the RMS delay spread in indoor industrial scenario is larger than that in InH-Office scenario as well. Similarly, the standard deviation of RMS delay spread in indoor industrial scenario is still larger than that in InH-Office scenario. What’s more, compared with the LOS scenario, the standard deviation of RMS delay spread in NLOS indoor industrial scenario is larger because of more reflections caused by the obstructers. 

Observation 1: 
The mean value of RMS delay spread model in indoor industrial scenario is significantly larger than that in InH-Office scenario. 

Observation 2: 
The standard deviation of RMS delay spread model in indoor industrial scenario is significantly larger than that in InH-Office scenario because of more reflections caused by the obstructers.

2.3 RMS delay spread model at 4.9 GHz
[image: E:\原实验室主机\lab\work\工业互联网\移动要求\all_cases_LOS.png]
Figure 6: RMS delay spread of LOS at 4.9 GHz
[image: E:\原实验室主机\lab\work\工业互联网\移动要求\all_cases_NLOS.png]
Figure 7: RMS delay spread of NLOS at 4.9 GHz
[bookmark: _Ref12029310]Table 3: The parameters of RMS delay spread at 4.9 GHz
	
	Mean
	Sigma

	LOS
	-6.91 (123.03 ns)
	0.186

	NLOS
	-6.82 (151.36 ns)
	0.173



In previous [4] document, we listed the RMS delay spread in four measurement cases. The antenna heights of these four cases are different. In this document, we summarize the total samples in these four cases and get two general models for LOS and NLOS, respectively. The parameters of these two models are shown in Table 3. 

3. [bookmark: _Hlk11699302]Comparison
Table 4: Parametric comparison of RMS delay spread at 28 GHz and 4.9 GHz
	[bookmark: _Hlk11613503]Frequency (GHz)
	LOS
	NLOS

	
	Mean
	Sigma
	Mean
	Sigma

	28
	-7.32 (47.86 ns)
	0.23
	-7.17 (67.61 ns)
	0.30

	4.9
	-6.87(133.97 ns)
	0.26
	-6.72 (192.31 ns)
	0.24



We compare the RMS delay spread model at 28 GHz and 4.9 GHz in this part. The antenna heights of TX and RX are both 1.9 m at 4.9 GHz [4], which is same as the 28 GHz. In LOS condition, the mean value of RMS delay spread at 28 GHz is about 0.45 dB less than that at 4.9 GHz, and the value of sigma at 28 GHz is slightly smaller than that at 4.9 GHz. What’s more, in NLOS condition, the mean value of RMS delay spread at 28 GHz is about 0.45 dB less than that at 4.9 GHz, and the value of sigma at 28 GHz is larger than that at 4.9 GHz.
As the frequency increases from 4.9 GHz to 28 GHz, the signal produces greater attenuation. Therefore, some multipath signals which originally existed in low frequency band are unable to be received in high frequency band because of greater attenuation. These multipath signals tend to have large delay differences with other signals, which causes a large RMS delay spread. As a result, the mean value of RMS delay spread at 28 GHz is always smaller than that at 4.9 GHz, which is consistent with the above comparison results.
[bookmark: _Hlk11698186]Observation 3: 
There is a similar trend that the mean value of RMS delay spread at 28 GHz is smaller than that at 4.9 GHz whether in LOS condition or NLOS condition. And the difference of the mean value of RMS delay spread between 28 GHz and 4.9 GHz is almost equal.
Observation 4: 
There is also a different trend that the sigma of RMS delay spread at 28 GHz is smaller than that at 4.9 GHz in LOS condition. However, in NLOS condition, the sigma at 28 GHz is larger than that at 4.9 GHz. And the difference of the sigma of RMS delay spread between 28 GHz and 4.9 GHz is not close, -0.03 in LOS condition and 0.06 in NLOS condition, respectively.
4. Conclusions
In this contribution, we provide more measurement results for IIOT scenarios, which focus on fast fading modelling.
Observation 1: 
The mean value of RMS delay spread model in indoor industrial scenario is significantly larger than that in InH-Office scenario. 
Observation 2: 
The standard deviation of RMS delay spread model in indoor industrial scenario is significantly larger than that in InH-Office scenario because of more reflections caused by the obstructers.
Observation 3: 
There is a similar trend that the mean value of RMS delay spread at 28 GHz is smaller than that at 4.9 GHz whether in LOS condition or NLOS condition. And the difference of the mean value of RMS delay spread between 28 GHz and 4.9 GHz is almost equal.
Observation 4: 
There is also a different trend that the sigma of RMS delay spread at 28 GHz is smaller than that at 4.9 GHz in LOS condition. However, in NLOS condition, the sigma at 28 GHz is larger than that at 4.9 GHz. And the difference of the sigma of RMS delay spread between 28 GHz and 4.9 GHz is not close, -0.03 in LOS condition and 0.06 in NLOS condition, respectively.
Proposal 1: 
The RMS delay spread model should be studied based on more comparisons between high and low frequency measured data.
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