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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN#81 meeting, a new study item (SI) was approved [1] to study on channel model for indoor industrial scenarios. It was recognized that the current 3GPP channel model in TR 38.901 [2] contains a common channel model with scenario-specific model parameters and settings for scenarios such as Urban Macro, Urban Micro, Rural Macro, and Indoor Hotspot (InH). However, it is noted that InH is based on indoor office / shopping mall environment. To address industrial scenarios that exhibit more diverse and unique environmental features, it is needed that the InH in TR 38.901 should be extended to cover additional characteristics of industrial scenarios.
In this contribution, we provide some preliminary channel measurement on large-scale propagation loss for industrial factory environments. 
Overview of the measurement environment
Generally, for a given environment, the propagation characteristics are impacted by at least the following aspects,
· Environment topology: objects / blocker distribution in the environment; e.g., open space or canyon; 
· Environment dominant material: e.g., wood house dominant, metallic wall or concrete wall dominant; 
· Environment homogeneity: homogeneous or heterogeneous environment (Homogeneous environment refers to the case where the environment topology and dominant material are approximately the same across the interested area of the given environment. Current channel models usually assume homogeneous environment)
· Deployment scheme of Tx and Rx (usually BS and UE).

In this contribution, we provide a summary and results from two industrial factory environments campaigns from Munich in Germany and Shanghai in China.

Measurement campaign in Germany
The measurements have been carried out in an indoor industrial environments in Munich, Germany, which is a plant for producing automotive components. It is a large hall with metal walls and ceiling, and is divided into several areas: 
1) Production lines, where the assembly of the automotive components is performed; 
2) Supermarket, where product components/parts are shelved; 
3) Warehouse, where the assembled products are stored. 
The measurements were done within the production line area.   
Each product line is usually composed of two or more lines of production cells, each of which containing one or several machines for performing an assembling operation step. Each production cell is around 2.5 meters high. 
In general, the moving parts of the machines within each production cell are shielded by plexiglass. Further, a lot of metal frames can be found both above the product lines and below the ceiling, for accommodating cables, etc.

Figure 1 illustrates the measurement points. The transmitter (Tx) is located in a corridor close to the production lines, with a height of 4.2 meters. In total 16 receiver (Rx) positions have been measured, including 8 line-of-sight (LOS) Rx positions and 8 NLOS positions. The positions RX1b to Rx7b have the LOS blocked by one production line, while the position Rx1c has the LOS blocked by two production lines. The Rx height was 1.96 meters. 
The measurements were at carrier frequencies of 6.75, 30 and 60 GHz. A dual-polarized ultra-wideband multi-channel sounder was used, which offers after back to back calibration a null-to-null bandwidth of 5.1 GHz [4][5]. The channel sounder consists of baseband module, RF/antenna module, and positioner. The baseband module is responsible for the generation and detection of an M-sequence with 7 dB bandwidth. The RF/antenna modules are responsible for the modulation/transmission and demodulation/reception of the M-sequence, regarding the carrier frequencies.  The positioners are used to scan the environment in elevation and azimuth domain, with dual-polarized horn antennas. For any angular position of TX and RX as well as per TX polarization, one impulse response is recorded at each RX polarization channel, which is called a snapshot. The maximum output power is around 23 dBm. The maximum-measureable dynamic range of the system including the AGC and the antenna gain is around 200 dB. 
The spatial characterization of the environment has been done by automatically rotating dual-polarized horn antennas with 30° half power beam-width (HPBW) in 30° steps, covering the following scanning ranges:
· Azimuth scan at TX: From -75° to 75°
· Elevation scan at TX: From -30° to 30°
· Azimuth scan at RX: From -150° to 180°
· Elevation scan at RX: From -55° to 55°
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[bookmark: _Ref532910882]Figure 1 Illustration of measurement points
Measurement campaign in China
Two industrial scenarios are considered in Shanghai measurement campaign. 
· Scenario1-Manufacturing district
The area is the assembly and processing area of the factory, which is divided into two parts.
Part 1 is the complex engine room assembly workshop, the measurement point Rx 1~ 12. 
Part 2 is the corridor of the processing area, which is both metal and measuring point 13~ 28. 
For all measurement position. The height of the transmitter is 8.7m.

[image: ]
Figure 2 Illustration of measurement points of manufacturing district
· Scenario2-AGV ( Automatic Guided Vehicle)
The measurement is located in the CNC (Computerized Numerical Control) workshop. The height of transmitter is 5.5m. The receiver is divided into two types, the point of the black star represent one type , which fix receiver on robot arm, and the measurement points distribute the pathway of the robot arm. The other is the red star, which is located in the inside and outside of the AGV position.
[image: ]
Figure 3 Illustration of measurement points of AGV

The measurement were at carrier frequency of 3.5 GHz, 4.9 GHz, 5.8 GHz and 28 GHz.  Both Tx and Rx antennas are Omni with vertical polarization. Power amplifier power is 46 dBm for sub 6 GHz and 37 dBm for 28 GHz. Signal type is CW (continuous wave).

[bookmark: _Ref527833579]Preliminary channel measurement results
Campaign in Germany:
Large scale fading 
Table 1 shows the Path Loss (PL) parameters from the measurement results. Figure 4 shows the fitted PL curves under LOS and NLOS using the CI model.
[bookmark: _Ref533063914][bookmark: OLE_LINK4]Table 1 Path Loss Parameters
	
	
	PL

	
	Frequency
	n 
	sigma

	LOS
	6.75/33.75/60.75
	1.91-1.94
	0.36-0.57

	NLOS
	6.75/33.75/60.75
	1.95-2.30
	0.28-0.61
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[bookmark: _Ref533064053]Figure 4 Path Loss in the industrial scenario (FCC means the 6.75 GHz)
Campaign in China:
Large scale fading 
Table 2 shows the Path Loss (PL) parameters from the measurement results. Figure 5 and Figure 6 show the fitted PL curves under LOS and NLOS.
Table 2 Path Loss Parameters
	
	
	PL

	
	Frequency
	n
	sigma

	LOS
	3.5/4.9/5.8/28
	1.9
	2

	NLOS
	3.5/4.9/5.8/28
	2.7-3.8
	4-8


[image: ]
Figure 5 LOS path loss in industrial scenarios
For the NLOS case, Figure 6 provides the path loss measurement results.
[image: ][image: ]

Figure 6 NLOS path loss in industrial scenarios
[bookmark: OLE_LINK6]The fitting curve is based on 3GPP TR 38901 InH office LOS/NLOS path loss model.
[bookmark: OLE_LINK5]PL = n*10*log10(D)+20*log10(f)+32.4@LOS
PL = n*10*log10(D)+24.9*log10(f)+17.3@NLOS

Observation 1: In LOS conditions, the PLE is about 1.9 depending on the measurement scenario and frequency. Path loss is in good agreement with the free space propagation.
Observation 2: In NLOS conditions, the PLE range is 1.95~3.8 depending on the measurement scenario and frequency, and it is often smaller than that in InH of TR 38.901. 

[bookmark: _Ref129681832]Conclusion
According to the above discussions, we have the following observations:
[bookmark: _GoBack]Observation 1: In LOS conditions, the PLE is about 1.9 depending on the measurement scenario and frequency. Path loss is in good agreement with free space propagation.
Observation 2: In NLOS conditions, the PLE range is 1.95~3.8 depending on the measurement scenario and frequency, and it is often smaller than that in InH of TR 38.901. 
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