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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 summarize a new channel measurement campaign in Ningbo, China, and provide some new channel measurement results on large-scale and small scale propagation for industrial factory environments. Meanwhile, the IIOT channel model calibration results based on the assumption agreement in [3] are also provided in this contribution. 
New channel measurement on large-scale and small scale propagation loss for indoor factory environment
In this section, the channel measurement on large-scale and small scale propagation loss for in door factory environment in Ningbo, China has been introduced. Measurement environment and measurement results will be given. 
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 one additional industrial factory environments campaigns from Ningbo in China. 

New Measurement campaign in China
The channel measurements have been conducted in an automobile assembly workshop in Ningbo, China.  This workshop is surrounded by the metal walls and covered by a steel frame roof. Its volume W×L×H is about 127.5 m × 47.99 m × 10 m. The whole production area is a two-layer steel frame structure. The floor of the second layer is made of steel dense mesh and about 3 m to the ground. The top of the second layer is open-type and organized by some steel beams. Its height is about 8 m to the ground. The second layer is supported by the steel columns. So considering the average height of surrounding clutters, there is a space with a height of 1.5 m between all clutters and the second layer floor. Note that this space is not completely clear and is often obstructed by the columns and any other clutters.
As depicted in Figure 1, the workshop mainly consists of four kinds of production areas.
1. Assembly line: There are two assembly lines laying in the middle of workshop. Each line is occupied by several cars with equal interval. The height of car is about 1.5 m. More than 20 workers are evenly distributed along the lines. Some PTL (Pick to light) trucks attached by metal grid are next to the lines. The height of PTL truck is 1.8 m.
2. Rotating platform: Each end of the production line is followed by a rotating platform. The platform is empty in the most of time and surrounded by the metal grid fences with height of 1.2 m.  
3. Open storage area: This area is used to sparsely deposit some auto parts. The average height of the parts is higher than 1.5 m.
4. Heavy AGV working area: A heavy AGV with large size is docking in this area. The AGV’s height is much lower, so this area is unobstructed.   
[image: ]
Figure 1 Illustration of measurement points 
Figure 1 presents the measurement scheme. The transmitter (Tx) is located 1.4 m away from the west wall. The height of transmitting antenna is 4.1 m from the ground. Two receiving routes respectively named as Route1 (LOS) and Route2 (NLOS) are set along the AGV’s moving path. Route1 is 88 m long and consists of total 45 receiving points numbered from 1 to 45. The first point of Route1 is 32.3 m away from Tx. Route2 is 110 m long and consists of total 56 receiving points numbered from 59 to 114.The first point of Route2 is 28.8 m away from Tx. For all routes, the interval for adjacent receiving point is 2 m. In each receiving point, the receiver is moving along a 1.2m-wide local path which is vertical to the route, and is acquiring the signal power simultaneously.  Therefore, a set of local power samples can be obtained and further averaged to remove the local fast-fading. The height of receiving antenna is 1.5m from the ground.  The measurements were performed at carrier frequencies of 1 GHz, 2.6 GHz, 3.5 GHz, 4.9 GHz and 5.8 GHz. As shown in Figure2, two omnidirectional vertically-polarized antenna which can work from 1 GHz to 40 GHz were used for receiving and transmitting, respectively. The antenna gain is from 1.13 dBi to 3.18 dBi corresponding to different frequency. The transmitting channel power is 0 dBm. A back-to-back calibration has been done. A CW (continuous wave) signal was transmitted.
[image: ]
Figure.2 Omnidirectional vertically-polarized antenna

[bookmark: OLE_LINK5]The measurements were done at carrier frequency of 3.5 GHz. 64 ports of Tx antenna (4x8 uniform rectangular array) with ±45 degree polarization are used in Tx side.  64 ports of Rx antenna (4x8 uniform cylindrical array) with ±45 degree polarization are used in Rx side. The transmitted power is -10 dBm. The transmitting signal type is PN sequence with the chip rate of 160M chips/s.
[image: ]
Figure 3 Illustration of measurement sounder

[bookmark: _Ref527833579]New channel measurement results
Large scale fading 
Table 1 shows the Path Loss (PL) parameters from the measurement results. Figure 4 and Figure 5 show the fitted PL curves under LOS and NLOS.
Table 1 Path Loss Parameters
	
	
	PL

	
	Frequency [GHz]
	n
	sigma

	LOS
	1/2.6/3.5/4.9/5.8
	0.4-2.61
	1.94-3

	NLOS
	1/2.6/3.5/4.9/5.8
	2.91-3.5
	2.18-2.59



[image: ]
Figure 4 LOS path loss in industrial scenarios

The multi-regression result for LOS propagation is listed in the following table. The path-loss model is formed as

f is in GHz and d is in meters. A is the intercept, nd is the path-loss exponent, nf is the frequency-dependent exponent and Std is the standard deviation. 
	A(dB)
	nd(dB/decade)
	nf(dB/decade)
	Std [dB]

	34.87
	1.75
	17.71
	2.38



[image: ]
Figure 5 NLOS path loss in industrial scenarios
The multi-regression result for NLOS propagation is listed in the following table. The path-loss model is the same as LOS case.
	A(dB)
	nd(dB/decade)
	nf(dB/decade)
	Std [dB]

	13.87
	3.13
	15.5
	1.88




Small scale fading 
Table 2 shows the fast fading parameters calculated from the measurement results of the industrial scenario. 
Table 2. Fast fading parameters in industrial scenario
	
	Frequency
[GHz]
	DS 
lgDS=log10(DS/1s)
	ASA 
lgASA=log10(ASA/1)
	ASD 
lgASD=log10(ASD/1)
	ESA lgESD=log10(ESD/1)
	ESD lgESD=log10(ESD/1)

	
	
	Mean
	Std.
	Mean
	Std.
	Mean
	Std.
	Mean
	Std.
	Mean
	Std.

	LOS
	3.5
	-6.76
	0.19
	1.73
	0.21
	0.56
	0.77
	0.37
	0.18
	1.2
	0.47

	NLOS
	3.5
	-6.98
	0.27
	1.66
	0.2
	1.3
	0.25
	0.41
	0.25
	0.49
	0.23



Small spread of elevation angle in this scenario is been observed, and the reason is given in the following.  
1. In the case of NLOS propagation, there is a two-layer steel frame structure which is about 8 m high between the transmitter and the receiver. Therefore, the wave propagating along the large elevation direction is obstructed by this metal structure.
2. In the case of LOS propagation, the ceiling is 10 m high and much larger than the height of transmitting antenna, so the path which has only one reflection on the ceiling will be close to the arrival direction of LOS path in elevation plane and has a higher power loss due to a longer propagation distance. Meanwhile, the receiving antenna is 1.5 m high and much lower than the transmitting antenna. Therefore, the path reflecting from the ground is also close to the arrival direction of LOS path in elevation plane. When the receiver is going away from the transmitter, both of this two paths will be getting closer to the LOS direction.
For proving above conjecture, Figure 6 shows how the EOD and EOA spread change with Rx position. For EOD spread, a different trend exists between LOS and NLOS case. Due to the obstruction by the 8m high structure, the EOD spread is smaller in the beginning of the NLOS route. When the receiver is going away, the shadowing effect for the transmitting side is getting relief, and the range of departure angle has been wider. While there is no obstruction in the whole LOS route, so the elevation angle will be getting smaller and resulting a lower EOD spread.
[image: ]
Figure 6 EOD and EOA spread change with Rx position


[bookmark: _Ref129681832]According to the above discussions, we have the following observations:
Observation 1: In LOS condition, the PLE is about 0.4-2.6 depending on the measurement scenario and frequency. 
Observation 2: In NLOS condition, the PLE range is 2.9~3.5 depending on the measurement scenario and frequency, and it is smaller than that in InH of TR 38.901. 
Observation 3: LSP parameters show relatively small angle spread in LOS (ASD and ESA) and NLOS (ESA, ESD).

Indoor industry channel model calibration
Calibration assumptions including metrics
The calibration assumptions of large scale and small scale for this calibration are introduced in §3.1.1 and §3.1.2 based on the assumption agreement in [3].
Large scale simulation assumption
The following simulation assumptions for large scale calibration of the indoor industrial scenario. Some undefined or range assumptions, the values or assumptions used in the calibration are selected based on Huawei’s understanding, and marked in square brackets in the assumptions table. The sub-scenario 5 is not calibrated since assumption is not decided. Therefore, calibration results of Sub-scenario1 to 4 are shown in section 1.2.

Proposal: The square brackets values in table 3 is taken as the candidate assumptions for calibration purpose.

Table 3: Simulation assumptions for large scale calibration for the indoor industrial scenario
	Parameter
	Sub-scenario1
	Sub-scenario2
	Sub-scenario3
	Sub-scenario4
	Sub-scenario5

	
Layout

	Hall length [m]
	120
	300
	300
	120
	-

	
	Hall width [m]
	60
	150
	150
	60
	-

	
	Ceiling height [m]
	[25]
	[15]
	[25]
	[15]
	-

	
	ISD [m]
	20
	50
	50
	20
	-

	
Clutter

	Clutter width  [m]
	10
	2
	10
	2
	-

	
	Clutter height  [m]
	2
	6
	2
	6
	-

	
	Clutter density 
	20%
	60%
	20%
	60%
	-

	
BS
	BS antenna height  [m]
	1.5
	1.5
	[8]
	[8]
	-

	
	BS antenna element pattern
	[0dBi omnidirectional antenna]

	
	BS tx power
	30dBm

	
	Number of BS
	18

	

UT
	UT antenna height  [m]
	1.5
	1.5
	1.5
	1.5
	-

	
	UT noise figure
	9dB

	
	Minimum 2D dropping distance
	1m

	
	UT antenna element pattern
	[0dBi omnidirectional antenna]

	
	UT attachment
	Based on path loss

	Breakpoint LOS probability 
	1
	1
	1
	0.6
	-

	Breakpoint distance [m]
	0
	0
	0
	1
	-

	LOS/NLOS
	LOS and NLOS
	All LOS

	Carrier frequency
	3.5GHz / 28GHz

	Bandwidth
	100MHz

	NOTE 1:18 BSs on a square lattice with spacing D, located D/2 from the walls.
[image: ]



For the LOS probability, the following formula to calculate   is used,  where  is the effective clutter density after removing the clutters no higher than UE,  represents the clutter size, {,,} are the heights of clutter, base station and terminal, respectively. 

A common LOS probability function is used for all sub-scenarios, and the parameters of and are listed in Table 1.

Adopt the following path loss models as a starting point and for channel model calibration:
Table 4: The path loss models used for calibration for the indoor industrial scenario
	Scenario
	LOS/NLOS
	Pathloss [dB], fc is in GHz and d is in meters, see note 6
	Shadow 
fading 
std [dB]

	Indoor Industrial 
	LOS
	
	

	
	NLOS
	Sub-scenario 1:

	

	
	
	Sub-scenario 2:

	

	
	
	Sub-scenario 3: 

	

	
	
	Sub-scenario 4:

	



Small scale simulation assumption
The following simulation assumptions for small scale calibration of the indoor industrial scenario:


Table 5: Simulation assumptions for small scale calibration for the indoor industrial scenario
	Scenarios
	Indoor Industrial

	
	LOS
	NLOS 1
	NLOS 2
	NLOS 3
	NLOS 4

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	lgDS(NLOS)+ log10(0.76)
	log10(70*V/S+10)-9-2.33*lgDS
V = hall volume in m3
S = total surface area of hall in m2 (walls+floor+ceiling)

	
	lgDS
	0.18
	0.18

	AOD spread (ASD)
lgASD=log10(ASD/1)
	lgASD
	1.56
	1.57

	
	lgASD
	0.25
	0.2

	ZOD spread (ZSD)
lgZSD=log10(ZSD/1)
	lgZSD
	1.35
	1.2

	
	lgZSD
	0.35
	0.55

	ZOD offset
	µoffset,ZOD
	0
	0

	AOA spread (ASA)
lgASA=log10(ASA/1)
	lgASA
	-0.18*log10(1+fc) + 1.78
	1.72

	
	lgASA
	0.12*log10(1+fc) + 0.2
	0.3

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1)
	lgZSA
	-0.2*log10(1+fc) + 1.5
	-0.13*log10(1+fc) + 1.45

	
	lgZSA
	0.35
	0.45

	Shadow fading (SF) [dB]
	SF
	Specified as part of path loss models

	K-factor (K) [dB]
	K
	7
	N/A

	
	K
	8
	N/A

	Cross-Correlations 
	ASD vs DS
	0
	0

	
	ASA vs DS
	0
	0

	
	ASA vs SF
	0
	0

	
	ASD vs SF
	0
	0

	
	DS vs SF
	0
	0

	
	ASD vs ASA
	0
	0

	
	ASD vs 
	-0.5
	0

	
	ASA vs 
	0
	0

	
	DS vs 
	-0.7
	[N/A]

	
	SF vs 
	0
	0

	Cross-Correlations 1)
	ZSD vs SF
	0
	0

	
	ZSA vs SF
	0
	0

	
	ZSD vs K
	0
	0

	
	ZSA vs K
	0
	0

	
	ZSD vs DS
	0
	0

	
	ZSA vs DS
	0
	0

	
	ZSD vs ASD
	0
	0

	
	ZSA vs ASD
	0
	0

	
	ZSD vs ASA
	0
	0

	
	ZSA vs ASA
	0
	0

	
	ZSD vs ZSA
	0
	0

	Delay scaling parameter r
	2.7
	3

	XPR [dB]
	XPR
	12
	11

	
	XPR
	6
	6

	
Number of clusters 
	25
	25

	
Number of rays per cluster 
	20
	20

	
Cluster DS () in [ns]
	N/A
	N/A

	
Cluster ASD () in [deg]
	5
	5

	
Cluster ASA () in [deg]
	8
	8

	
Cluster ZSA () in [deg]
	9
	9

	Per cluster shadowing std  [dB]
	4
	3

	Scaling factor for AOA and AOD
	[1.289]

	Scaling factor for ZOA and ZOD
	[1.178]

	Correlation distance in the horizontal plane [m]
	DS
	50
	52

	
	ASD
	10
	13

	
	ASA
	10
	13

	
	SF
	15
	30

	
	K
	32
	[N/A]

	
	ZSA
	10
	20

	
	ZSD
	10
	20

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.
NOTE 1:	DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.
NOTE 2:	The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:	The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X. 
 



According to definition in Annex A.1 of TR 38.901, the following expression for the angular spread AS in radians is used for calibration:


where [image: ] is the power for the mth subpath of the nth path and [image: ] is the subpaths angle (either AOA, AOD, ZOA, ZOD) given in radians.
Calibration results
Coupling loss – serving cell
The calibration results of CDFs of coupling loss at 3.5GHz and 28GHz for four sub-scenarios are shown in Figure 7 and 8. 
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Figure. 7 CDF of coupling loss at 3.5GHz for four sub-scenarios
[image: ] [image: ]
[image: ] [image: ]
Figure. 8 CDF of coupling loss at 28GHz for four sub-scenarios

Geometry with noise
The calibration results of CDFs of geometry at 3.5GHz and 28GHz for four sub-scenarios are shown in Figure 9 and 10. 
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Figure.9 CDF of geometry at 3.5GHz for four sub-scenarios
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Figure.10 The CDF of geometry at 28GHz for four sub-scenarios
CDF of delay and angle spread (ASD, ZSD, ASA, ZSA) according to definition in Annex A.1 of TR 38.901
Delay and angle spread will be the very close at different frequencies, therefore, only one group of delay and angle spread shown below.
The calibration results of CDFs of delay for four sub-scenarios are shown in Figure 11. 
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Figure.11 CDF of Delay at 28GHz for four sub-scenarios
The calibration results of CDFs of angle spread (ASA, ASD, ZSA, and ZSD) for four sub-scenarios are shown in Figure 12, 13, 14 and 15. 

[image: ][image: ]
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Figure.12 CDF of angle spread ASA for four sub-scenarios

[image: ][image: ]
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Figure.13 CDF of angle spread ASD for four sub-scenarios

[image: ][image: ]
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Figure.14 CDF of angle spread ZSA for four sub-scenarios
[image: ][image: ]
[image: ][image: ]
Figure.15 CDF of angle spread ZSD for four sub-scenarios
Conclusion
According to the above discussions, we have the following observations and proposal:

Observation 1: In LOS condition, the PLE is about 0.4-2.6 depending on the measurement scenario and frequency. 
Observation 2: In NLOS condition, the PLE range is 2.9~3.5 depending on the measurement scenario and frequency, and it is smaller than that in InH of TR 38.901. 
Observation 3: LSP parameters show relatively small angle spread in LOS (ASD and ESA) and NLOS (ESA, ESD).
Proposal: The square brackets values in table 3 is taken as the candidate assumptions for calibration purpose.
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