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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 results 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. The measurement environments is the same to [4].

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. 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 workshop’s actual length/width is around 100m, and it’s been divided into several areas by glass walls. 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. The Tx/Rx test point locations are provided in Figure 3.

[image: ]
Figure 3 Illustration of measurement points of AGV

[bookmark: OLE_LINK5]The measurements were at carrier frequency of 3.5 GHz. 64 Port Tx antenna with +-45 degree polarization is used in Tx side.  64 Port Rx antenna with +-45 degree polarization is used in Rx side. The measurement bandwidth is 160 MHz. Power amplifier power is 46 dBm. Signal type is PN sequence.
[image: ]
Figure 4 Illustration of measurement sounder

[bookmark: _Ref527833579]Preliminary channel measurement results
Campaign in Germany:
Small scale fading 
Figure 5 shows the synthetic omni-directional Power Delay Profile (PDP) of Rx2a (LOS) in the measured industrial scenario (left) and a PDP of a normal indoor scenario, i.e. an entrance hall described in [2], for comparison. The indoor entrance hall scenario is also shown in Figure 5. In the x-axis, the propagation distance is shown, which can also be easily converted to propagation delay. The power of the PDP is normalized to that of the LOS component. Figure 6 shows the zoomed views of the PDP’s in Figure 5. Figure 8 shows an analog comparison but under NLOS. By comparing both PDP figures, the following key difference of the channel in industrial scenario can be observed:
· The channel excess delay in industrial scenario is longer than in entrance hall scenario at all frequencies. From Figure 5, we can see that there is still strong channel component at propagation distance of around 67 meters. For the industrial scenario, much more channel components can be found with the channel excess delay. 
· There are more specular refection paths in industrial scenario. In the examples shown in Figure 5 and Figure 8, the number of dominant specular reflection paths in the industrial scenario is much more than that in the entrance hall scenario. Further, the dominant specular reflection paths in the industrial scenario have much higher power than those in the entrance hall scenario;
· [bookmark: OLE_LINK17]There are much more diffuse path components in industrial scenario than in the entrance hall scenario. The “floor” of the diffuse path components in industrial scenario is much higher than that of the entrance hall scenario;
· There is a more clear degradation of the “floor” of the diffuse path components in industrial scenario as frequency increases; 
· The dominant specular refection paths in industrial scenario shows more frequency-dependent behavior. Some strong reflections happen at 6.75 GHz, while others happen at millimetre wave (mm-wave) frequencies. In the NLOS case, we can see clearly a multipath component around 72 meter propagation distance that only exists at mm-wave frequencies;
Observation 1: The channel excess delay in industrial scenario is longer than that in InH in all frequency bands.
Observation 2: There are more specular refection paths in industrial scenario than in InH.
Observation 3: The diffuse propagation is stronger in the industrial scenario than in the entrance hall scenario. 
Observation 4: The dominant specular refection paths in industrial scenario shows frequency-dependent behavior.
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[bookmark: _Ref532915294]Figure 5 Synthetic omni-directional Power Delay Profile (PDP) under LOS in industrial scenario (left, Position R2a) and an indoor entrance hall scenario (right)
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[bookmark: _Ref532999359]Figure 6 Synthetic omni-directional Power Delay Profile (PDP) under LOS in industrial scenario (left, Position R2a) and an indoor entrance hall scenario (right), zoomed view
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[bookmark: _Ref532999681]Figure 7 The indoor entrance hall scenario for comparison
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[bookmark: _Ref532915461]Figure 8 Synthetic omni-directional Power Delay Profile (PDP) in a normal indoor scenario under NLOS in industrial scenario (left, Position R2b) and an indoor entrance hall scenario (right)

Table 1 shows the fast fading parameters calculated from the measurement results of the industrial scenario. Table 2 shows the fast fading parameters of InH scenario in 3GPP TR 38.901 [3] for comparison. The DS, ASA and ESA of industrial scenario are considerably larger than that of InH scenario, but are of similar order of magnitude. Figure 8 illustrates the differences between fast fading parameters of the industrial scenario and the 3GPP InH in 38.901. Figure 9 provides the detail CDF distribution of small scale parameters.
As seen in Figure 8, for all frequencies and most of the fast fading parameters, 
· The relative difference can be up to more than 60%. 
Observation 5: The fast fading parameters are different in industrial and InH scenarios.
[bookmark: _GoBack]This implies that the channel propagation in industrial scenario has quite different characteristics from that in normal indoor scenarios, as typically represented by the InH scenario in 3GPP TR 38.901.

[bookmark: _Ref533000349]Table 1 Fast fading parameters in industrial scenario
	[bookmark: _Hlk534821157]
	
	DS [ns]
	ASA [deg]
	ASD [deg]
	ESA [deg]
	ESD [deg]

	
	Frequency
	Mean
	Std.
	Mean
	Std.
	Mean
	Std.
	Mean
	Std.
	Mean
	Std.

	LOS
	6.75
	25.48
	2.70
	77.35
	2.50
	37.23
	0.65
	30.68
	3.73
	21.97
	0.87

	
	33.75
	23.97
	4.31
	70.34
	2.39
	32.94
	1.16
	27.65
	2.53
	21.77
	0.68

	
	60.75
	19.64
	1.88
	64.50
	4.23
	28.72
	0.87
	25.46
	2.86
	20.09
	1.41

	NLOS
	6.75
	46.88
	9.99
	86.88
	3.06
	40.13
	1.64
	31.94
	3.97
	22.11
	0.68

	
	33.75
	35.22
	10.08
	83.65
	2.77
	37.54
	2.04
	28.86
	3.12
	22.13
	0.84

	
	60.75
	28.19
	13.38
	76.88
	7.06
	30.67
	4.21
	26.81
	3.09
	20.55
	1.17



[bookmark: _Ref533000351]Table 2 Fast fading parameters of InH scenario in 3GPP TR 38.901
	[bookmark: _Hlk534821253]
	
	DS [ns]
	ASA [deg]
	ASD [deg]
	ESA [deg]

	
	Frequency
	Mean
 
	Mean
 
	Mean
 
	Mean
 

	LOS
	6.75
	19.60 
	40.80 
	39.80 
	16.20 

	
	33.75
	19.30
 
	31.40
 
	39.80
 
	11.30
 

	
	60.75
	19.10
 
	27.60
 
	39.80
 
	9.50
 

	NLOS
	6.75
	35.60
 
	58.20
	41.70
 
	17.90

	
	33.75
	24.10
 
	50.00
 
	41.70
 
	14.60
 

	
	60.75
	20.00
 
	46.40
 
	41.70
 
	13.20
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[bookmark: _Ref533000434]Figure 8 Difference between fast fading parameters of the industrial scenario and the 3GPP InH in 38.901
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Figure 9 CDF of small scale parameters

Campaign in China:
Small scale fading 
[bookmark: OLE_LINK6]Figure 11-12 shows the synthetic omni-directional Power Delay Profile (PDP) in 3.5GHz. In the x-axis, the propagation distance is shown, which can also be easily converted to propagation delay. The power of the PDP is normalized to that of the LOS component. 
Classroom environment PDP is also provided for comparison. It should be noted that the below figure is only an example for specific Tx-Rx location, different Tx-Rx location sample may have different trend. 

[image: ]
Figure 11 Power Delay Profile (PDP) in industrial scenarios (LOS)
[image: ]
Figure 12 Power Delay Profile (PDP) in industrial scenarios (NLOS)

The following key difference of the channel in industrial scenario can be observed:
· The channel excess delay in industrial scenario is longer than classroom. We can see that there are still strong channel component at long propagation distance. 
· There are more specular refection paths in industrial scenario. The number of dominant specular reflection paths in the industrial scenario is much more than that in the classroom scenario. Further, the dominant specular reflection paths in the industrial scenario have much higher power than those in the classroom scenario;
· There are much more diffuse path components in industrial scenario than in the classroom scenario. The “floor” of the diffuse path components in industrial scenario is much higher than that of the classroom scenario;
Obviously, Industrial factory has more multipath. This multipath can be caused by metal walls, ceiling and other metal obstacles.
Figure 13-14 provide the detail CDF distribution of DS and ASA small scale parameters. The rms delay spread and angle spread in industrial factor are large than classroom scenario.


[image: ]
Figure 13 DS CDF in industrial scenarios

[image: ]
Figure 14 ASA CDF in industrial scenarios
Table 3 shows the fast fading parameters calculated from the measurement results of the industrial scenario. The DS is considerably larger than that of the measurements in Germany. The most significant reason could likely be the different sizes of the measured scenarios. Specifically, the measurement area is 100 m by 150 m in China, whereas in Germany it is 25 m by 23 m. The second reason could be the larger bandwidth (7 GHz) used in the measurement in Germany. In contrast, smaller bandwidth usually causes increase in DS. The third reason could be higher frequencies used in measurements in Germany. As shown in Table 1, there is a consistent decrease in DS as the frequency increases in both LOS and NLOS. Since the measurement in China were performed in 3.5 GHz, it is expected that the lower frequency contributes to the increased DS in China site.
Table 3 Fast fading parameters in industrial scenario
	
	
	DS [ns]
	ASA [deg]
	ASD [deg]
	ESA [deg]
	ESD [deg]

	
	Frequency
	Mean
	Std.
	Mean
	Std.
	Mean
	Std.
	Mean
	Std.
	Mean
	Std.

	LOS
	3.5
	40.2
	3.6
	66.5
	6.1
	22.7
	4
	21.3
	3.1
	14.1
	3.1

	NLOS
	3.5
	119.7
	12
	69.4
	5.9
	25.1
	3.8
	27.1
	3.6
	24.6
	2.8



[bookmark: _Ref129681832]Conclusion
According to the above discussions, we have the following observations:
Observation 1: The channel excess delay in industrial scenario is longer than that in InH in all frequency bands.
Observation 2: There are more specular refection paths in industrial scenario than in InH.
Observation 3: The diffuse propagation is stronger in the industrial scenario than in the entrance hall scenario. 
Observation 4: The dominant specular refection paths in industrial scenario shows frequency-dependent behavior.
Observation 5: The fast fading parameters are different in industrial and InH scenarios.


[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424] References
[bookmark: OLE_LINK3][bookmark: _Ref444940176][bookmark: _Ref445712275][bookmark: _Ref488522507][bookmark: _Ref497643507][bookmark: _Ref497649910]RP-182138, “New SI proposal: Study on Channel Modeling for Indoor Industrial Scenarios”, Ericsson, September 2018
[bookmark: _Ref532915999]IEEE 802.11-15/1150r9, “Channel Models for IEEE 802.11ay”, Sep. 2015, Section 8.1.3
[bookmark: _Ref533000406]3GPP TR 38.901, “Study on channel model for frequencies from 0.5 to 100 GHz”
3GPP R1-1903111, “Preliminary channel measurement on large-scale propagation loss for indoor factory environment”, Huawei, HiSilicon, 3GPP TSG RAN WG1 Meeting #96, Athens, Greece, 25th February – 1st March, 2019.

image3.png
5m

Machine

Machine

Vachine

Wnche
*22

16 % 14 12X 10%

_ 15k 13xiix 9y

Office Area

38m




image4.png




image5.emf
0 20 40 60 80 100 120 140 160 180 200

Propagation Distance [m]

-50

-40

-30

-20

-10

0

N

o

r

m

a

l

i

z

e

d

 

P

o

w

e

r

 

[

d

B

]

6.75 GHz

30 GHz

60 GHz


image6.emf
0 20 40 60 80 100 120 140 160 180

Propagation Distance [m]

-50

-40

-30

-20

-10

0

N

o

r

m

a

l

i

z

e

d

 

P

o

w

e

r

 

[

d

B

]

6.75 GHz

30 GHz

60 GHz


image7.jpeg




image8.jpeg
Normalized Power [dB]

20 25
Propagation Distance [m]





image9.png
/.4




image10.jpg
Normalized Power [dB]

6.75GHz
———30GHz
- 60GHz

20 40 60 80 100 120 140
Propagation Distance [m]

160 180





image11.jpg
S & o

Normalized Power [dB]

80
Propagation Distance [m]




image12.png
Relatve diff. [percent]
I ) N OB 0 ®
3 8§ 38 o 8 & 8 8

&
3

] ealured — InH |

Relative dif f.[%) Measured X 100
.75 GHz
L [ 30 GHz
[CJeoGHz
1

DS-LOS DS-NLOS  ASA-LOS ASA-NLOS ASD-LOS ASD-NLOS ESA-LOS ESA-NLOS




image13.png
6756HzL0S

0GHZNLOS

- B0GHZNLOS.

07
06~
5

04-

03-

02-

01-

65

)




image14.png
ASDIdeg





image15.png
[ —]

 —

- 60GHZNLOS

s
04
03—
02

01

Dsins




image16.png
R S
B

——

80GHzNLOS.

04
03
02

36

28 EY 2

ESAldeg

2




image17.png
675GHzL0S
0GH: NLOS

e

ESDideg




image18.png
Normalized Power/dB

PPDP in the Classroom and industrial scenario-LOS

Distance /m




image19.png
Normalized Power/dB

PDP in the Clasroom and industrial scenario-NLOS

—— Classroom
——ManuDistrict
—AGV

. .
500 600 700 800 900 1000 1100 1200 1300
Distance/m





image20.png
CDF

09

08

[ik4

06

05

04

03

02

01

CDF of Rms Delay Spread

—— dlassroom
——— ManuDistrict
—

50

100

150
Delay Spread ns

200

250

300




image21.png
CDF

0.8

0.6

0.4

0.2

ASA CDF Comparison

——AGV
——Classroom
—— ManuDistrict

20 30 40 50 60 70 80
ASA/C




image1.emf
TX

RX LOS

RX NLOS

Corridor

RX2a

RX2b

RX3a

RX3b

RX4a

RX1c

RX5a

RX7b

RX6a

RX7a

RX8a

RX1a RX1b

Wall

Warehouse/

Supermarket

Production 

line

Office area

Corridor

Production 

line

Corridor

Other areas

Tx

RX5b

RX6b

RX4b

9.5 m

20 m

3.7 m

3.7 m

23 m


image2.png
150m
<

Factory

100m





