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In the framework of the new study item (SI) on channel model for indoor industrial scenarios. Here we provide an overview on delay spread results for these environments.  This contribution is based on previous analysis on the R1-1813129 [1], and more recent survey and e-mail discussion on fast fading parameters, carried out in the framework of study item, e.g. in the email discussion [FS_IIIOT_CM-08] [31]. 

Existing literature and measurements review
In the following sub-section, the different propagation channel sounding experiments, found in the literature, will be described. The measurement setup and well as a brief description of the environment will be reported. 

Y. Ai and M. Cheffena, University of Oslo, Norway  [1]
Measurement setup
The measurement were carried out in the frequency domain with a frequency range of 800 MHz to 2.7 GHz. This frequency band was divided into 900 points each separated by 2.11 MHz leading to a delay resolution of 0.526 ns. The setup, depicted in Figure 1 was mounted to sound the channel. A virtual MIMO system of 5 by 18 spatial grid with a step of 18.75 cm was created.

[image: ]
[bookmark: _Ref4752942]Figure 1 The virtual ULA measurement setup.

Environment description
The chosen industrial-like environment was a mechanical room of an electronics manufacturing factory in Norway. The room is around 5m high and contains several big metallic machines and densely packed metal structures. Besides, there was presence of a big shelf, where various manufacturing components were stacked. A picture of the mechanical room and its schematic map can be seen in Figure 2 and Figure 3 respectively. 
	

[bookmark: _Ref4752952]Figure 2 The mechanical room.

	

[bookmark: _Ref4752961]Figure 3 Schematic map of the mechanical room.


	
	


J. Karedal et al., University of Lund [3], [4]
A model for industrial environments was extracted based on measurements that were carried out in [3] and [4]. Three measurement campaigns were performed in two different industrial environments. In the first two measurement campaigns, that will be later described, the frequency range was from 3.1 GHz to 10.6 GHz while the third one was performed within a relatively narrower bandwidth: 3.1 GHz to 5.5 GHz. 
The measurement setup parameters are summarized in Table 1 
[bookmark: _Ref4753038][bookmark: _Ref4688525]Table 1 Measurement parameters for the three campaigns
	Measurement setup parameters

	
	Campaign No.

	
	1
	2
	3

	Frequency range [GHz]
	3.1 – 10.6
	3.1 -10.6
	3.1 – 5.5

	Frequency points
	1251
	1601
	981

	Delay resolution
	0.13
	0.13
	0.42

	Max. resolvable delay 
	167
	213
	408

	Element separation 
	5
	37
	50



Environment description
Campaigns 1 & 2
The first two campaigns were carried out in a factory hall of a company producing resins for coating systems. Incinerator hall has a floor area of 13.6 x 9.1 m and a height of 8.2 m. Pictures and schematic plan of the measurement site can be found in Figure 4. The walls and ceiling of the factory hall consist mostly of metal (corrugated iron), whereas the floor is made of concrete. In addition to the metallic walls and ceiling, the building is also packed with metallic equipment such as pumps, tanks and pipes. 
[image: ]
[bookmark: _Ref4752884]Figure 4 Schematic map and a picture of the measurement site 1 & 2.

  
Measurements were made with distances from 2 to 8 m separating the transmitting side (Tx) and the receiving side (Rx). LOS, peer-to-peer NLOS (PP NLOS) and base-station NLOS (BS NLOS) scenarios were covered. Also, it is important to note that during measurements, there were no moving machinery inside the incinerator hall and no moving personnel. Thus, the measurement environment can be considered as stationary. 
Campaign 3
The third measurement campaign was performed in MAXLab, a medium-sized industrial environment in Lund, Sweden. The hall has a floor area of 94×70 m and a ceiling height of 10 m. The hall has walls made of reinforced brick and concrete, a ceiling made of steel and a floor made of concrete. The presence of many metallic objects, e.g., pipes, pumps and cylinders, contributes to a rich scattering environment. The measured Tx-Rx separation distances for PP NLOS were 2, 3, 4, 6, 8, 10, 12 and 16 m, whereas separations of 4, 8, and 12 m (horizontal distance) were used in the BS NLOS measurements.

E. Tanghe et al., University of Ghent -2008 [5]
In this measurement campaign, reported in [5], the large-scale fading and temporal fading in industrial environments are presented. These measurements were carried out at three different frequencies: 0.9 GHz, 2.4 GHz and 5.2 GHz. The industrial environment is categorized into different topographies. They are defined separately for large-scale and temporal fading, and their definition is based upon the specific physical characteristics of the local surroundings affecting both types of fading.
Measurement setup
The Tx is mounted on a telescopic mast at a height, hTx, of about 6 m above ground level. The Tx is positioned at approximately the same height as the trusses supporting the ceiling, a common location for industrial wireless access points. The receiving antenna (Rx) was mounted, on a plastic mast, at a height hRx of about 2 m above ground level. The Rx height is comparable to the height of a wireless terminal mounted on a piece of machinery. The same omnidirectional antennas were used at both ends of the communication chain. 
Environment description
The propagation measurements were conducted in four modern factories situated in Belgium, among which two wood processing facilities and two metal processing facilities. All of the chosen measurement locations have concrete floors and metal ceilings supported by steel trusses. The building walls are made of thick, precast concrete. Each building was about 7 to 8 m high. The measurements were carried out in two wood processing facilities are denoted called WP I and WP II in following subsections. The two metal processing facilities will be called MP I and MP II. The authors suggested that the propagation model would therefore be applicable to industrial environments having the same physical characteristics. They also highlighted the fact that the presented models are not suitable for less common industrial environments, such as a nuclear power plant or a large metal foundry.

S. Luo et al.,  Cape Breton University, Canada [6]
In this work, the authors characterized a radio-harsh environment for the application of wireless sensor networks. RF channel propagation properties, like path loss and RMS delay spread were measured and analyzed in 2.4 GHz and 5.8 GHz ISM bands using a vector network analyzer.
Measurement setup
The measurements were carried out with a classical frequency domain setup with a VNA. Omni-directional antennas were mounted at a height of 60 cm above the testbed. The latter is described in the next subsection. The following frequency bands, each with 1601 frequency points, were used for this investigation: 2150 MHz – 2650 MHz and 5700 MHz to 6000 MHz. LOS and NLOS scenarios were considered in this campaign. Figure 5 depicts the data location for the RF channel. Here, the authors addressed to the radio frequency channel rather than a propagation channel as the Tx and Rx were calibrated in the measured frequency transfer function.  
In order to establish NLOS conditions, a rectangular metal plate of 0.62m x 1.23m was put in the middle of the path linking the Tx and Rx antennas.

[image: ]
[bookmark: _Ref4752852]Figure 5 Data collection locations for RF channel measurements

Environments’ description
The constructed testbed has two floor levels with the following dimensions:  12ft (W) x 24ft (L) x 9ft (H). Each floor level is comprised of six floor panels with each of 6ft (W) x 8ft (L), as shown in Figure 6. Within the testbed, horizontal and vertical pipes were installed to emulate the working settings in an oil rig. A variety of furniture and equipment were present in the lab. The testbed itself is located in one corner of the lab.
[image: ]
[bookmark: _Ref4752816]Figure 6 Constructed testbed for WSN evaluation
[bookmark: _Ref520794249]H. Farhat et al.,  CEA-LETI  [7]
In this this the authors investigated propagation conditions in a particular industrial environment: a nuclear plant [7]. Given the presence of thick concrete walls and large metallic structures, the propagation conditions are expected to be very harsh. A radio channel measurement campaign at 2.4 GHz was conducted in a nuclear power plant. Path loss models and fading statistics have been extracted for different Line of Sight and Non Line-of-Sight scenarios. 
Measurement setup
The measurement was performed in the frequency domain with a VNA with a bandwidth between 2 and 2.8 GHz with a step of 500 KHz. Monopole antenna was used in this campaign. In order to be able to carry out measurements for long distances optic fibers were used together with adequate RF to optic converters and vice-versa. 
Environment description 
A schematic plan of the measured scenarios inside the nuclear plant is given in Figure 7.
[image: ]
[bookmark: _Ref4752783]Figure 7 Schematic plan of the measurement site.

One LOS case and three NLOS situations were considered. In the NLOS² topology, the Tx and Rx were separated by a huge concrete wall of around 60 cm thickness, while in NLOS3, the Tx position was chosen so that an additional metallic door separated Tx from Rx. In both configurations the positioner was placed in regular positions with a 50 cm step for a total number of 8 positions in NLOS² and 6 positions in NLOS3 condition.

B. Holfeld et al., Fraunhofer Heinrich Hertz Institute [8]

Investigations on machine-to-machine communications for future 5G wireless network were performed for a typical use case: the factory automation [8]. The potential of wireless links between industrial robots in automation cells were studied to examine if the low latency and high reliability requirements are met. The authors performed a measurement campaign recording the channel delay statistics within a representative industrial indoor environment. The time dispersion of the channel in the industrial context provides information for the minimum symbol length to be transmitted without inter-symbol interference (ISI).

Measurement setup
The measurement equipment used for real-time channel sounding was the High Performance Digital Radio Testbed (HIRATE) [9]. The measurements were conducted with one receiver and one transmitter unit of HIRATE. For frequency stability and time synchronization a clock cable connected both units. Consequently, it was possible to measure the absolute channel path delay. Furthermore, the frequency offset between receiver and transmitter was nearly eliminated.
Table 2  Measurement parameters
	Measurement scenario
	Mobile, short-range, industrial indoor

	Center frequency
	5.85 GHz

	Bandwidth
	250 MHz

	Sampling resolution
	4 ns

	Path resolution
	1.2 m

	Speed on trajectory
	0.4 m/s

	Recorded snapshots
	≈ 49000 per measurement series
(700 x 70 repeated processes)

	Tx & Rx antennas
	Huber + Suhner multiband antenna
Model no. SWA 2459/360/7/20/V 2
Gain: 8 dBi (at 5.9 GHz)
Linear /Vertical polarized, omni-pattern



Environment description 
The channel measurement campaign took place in the Smart Automation Lab at the WZL at WTH Aachen University, Germany. The dimension of the automation lab is 29 × 15 m and the height is 7.3 m. The building has a metallic ceiling, a concrete floor and some open metallic joists (beams/trusses). The automation lab is a highly sophisticated production system comprising of several machine tools, automated transportation systems, sensors and industrial robots, including robots with parallel kinematics and articulated robots. A schematic map is depicted in Figure 8. 
[image: ]
[bookmark: _Ref4752759]Figure 8 Schematic map of the measurement site.

The authors distinguished two measurement series that differ in the position of the Tx antenna in the automation cell, representative of a potential location of the RF unit. Both series have the same short Tx-Rx communication ranges in common but experience distinct scattering and reflection properties. 

· Series A: Weak scattering.
Only few blocking events occur due to small obstacles. For instance, blocking and scattering is influenced by cables installed nearby the tool-center-point of the robot. A dominant LOS path is received in approx. 70% of the process snapshots. 

· Series B: Rich scattering.
Frequently obstructed view due to bigger obstacles. Massive metallic objects like a moving axis of the robot arm block the direct communication path over a couple of snapshots. LOS behavior is observed in less than 20% of the process snapshots.

S. Cheng et al., Université de Lille [10]
In this part, a focus will be made on the PhD dissertation presented by Cheng in [10]. The objective of the thesis was to show the importance of considering dense multipath components (DMC) in channel models. To achieve this goal, the author proposed the decomposition of the polarimetric MIMO radio channel into strong specular multipath components (SMC) and DMC, where DMC includes diffuse scattering and weak SMCs. An internally developed clustering algorithm was applied to radio measurements that were carried out in an indoor open hall (large atrium) and outdoor vegetation. Of course, it is the first-mentioned environment that will recall our attention. 

Measurement setup
The stationary indoor channel was assessed with a virtual 16 x 16 MIMO channel sounder using horizontal UCAs (uniform circular array) at both link ends. 

[image: ]
Figure 9 The architecture of the virtual MIMO radio channel sounder
The channel sounder goes by the name of MIMOSA and its main features are tabulated here below. The channel characterization was performed at a center frequency at 1.3 GHz over a bandwidth of 22 MHz. Virtual UCA was used for both Tx and Rx with dual-polarized patch antennas located at 1.6 m high. 
Table 3 : The MIMOSA radio channel sounder main features.
	RF
	Baseband

	Center frequency
	1350 MHz
	Tx sampling rate
	400 MHz

	Tx max power
	500 mW
	Rx sampling rate
	200 MHz

	Number of channel
	Tx (V/H)
	8
	Bandwidth
	100 MHz

	
	Tx switch mode (V/H)
	16
	Nt
	8192

	
	
	
	ΔF
	97.66 kHz

	
	
	
	Δf
	12.21 kHz

	
	Rx
	8
	Oversampling ratio R
	2

	Tx power Amp
	1-6 GHz; Pout = 1 W
	IFFT length
	32768

	Rx LNA NF=1 dB
	1-4 GHz; G = 40 dB
	FFT length
	16384



Environment description 
The measurement campaign was carried out in a large atrium of the EuraTechonologies Centre in Lille, France. The dimensions of the hall are 48.8 m x 36.35 m x 18 m. The building is three-level high with the presence of traditional brick walls, marble floor, large windows surface and metallic structure. A few chairs, tables, benches and decorative plants were located at the center. A picture from the point of view of the static receiving point is depicted on the left of Figure 10Erreur ! Source du renvoi introuvable.. On the right of the same figure, a schematic map presenting the 13 LOS Tx-Rx positions in the hall with distances ranging between 10 and 45 m is shown. 

[image: ]
[bookmark: _Ref4752698]Figure 10 Measurement site and the schematic map of the measurement campaign.
[bookmark: _Ref503797487]
WINNER II project [11]
The second part of the final deliverable of the WINNER project contains the results of WINNER measurement campaigns and analysis work relevant to the proposed WINNER II radio channel models. The scenario B3 indoor hotspot retained our attention. This type of scenario encompasses environments such as conference halls, factories, train stations and airports. The WINNER B3 scenario was parametrized from measurements that were performed in two different sites: a university lecture hall/foyer and an industrial hall for rapid prototyping and testing.  In this report, only available measurements data that were carried out in the industrial-type site will be given. 

Measurement setup
The measurements were performed with the RUSK TUI-FAU channel sounder. The PULA8 and PUCPA24 antenna arrays were used at the transmitting side and receiving side respectively. The details of the measuring instruments can be found in the final deliverable [11]. The measurements were full-polarimetric. The center-frequency for the channel characterization was 5.2 GHz and the bandwidth was 120 MHz.
Environment description 
The prototyping factory, named the Newton building, is situated in the TU Ilmenau campus in Germany. The building dimensions are approximately 60m x 20m x 8m. It is of utmost important to note that the transmitter position is at a height of 6 m in order to emulate an access-point. Figure 11, describes the interior of the prototyping hall. 
[image: ]
[bookmark: _Ref4752657][bookmark: _Ref4752653]Figure 11 Interior of the prototyping area from the point of view of the transmitter (left) and the location of the transmitter (right).

Univ. Lille: hall measurements [13]

Measurement setup
A vector network analyzer was used to probe the radio channel in a 22 MHz bandwidth centered around 1.3 GHz. In this frequency band, 1601 uniformly spaced frequency points were sampled. At both link ends, a virtual antenna array was created by an antenna mounted on an automated rotating arm. At both transmit and receive side, the virtual array was a planar horizontal uniform circular array with radius 15 cm and consisting of 12 antenna elements. As transmitting and receiving antenna, dual-polarized rectangular patch antennas were used. Both antennas were 1.60 m above ground level during measurements. In total, 29 Tx-Rx links were measured under either strong Line-Of-Sight (LOS) or Obstructed LOS (OLOS) conditions.
Environment description 
The propagation environment under consideration is a large industrial hall located in Zwijnaarde, Belgium. The hall has dimensions 21.3 × 77.2 × 12.2 m3 and is dedicated to the research of concrete technology. The main inventory consists of large metallic machinery used for, i.a., testing the robustness of concrete structures. The dominant building material for walls, floor, and ceiling is concrete. 

T.S. Rappaport [14]
Measurement setup
Wideband measurements at 1.3 GHz were conducted by transmitting a 10 ns pulse and using at receiving side a digital oscilloscope. The measurement system dynamic is 90 dB. Discone antennas were employed
Environment description 
Different scenarios were measured
· Site A: office building
· Site B: Food processing Plant: 74000 square meters with steel pipes suspended from ceiling
· Site C: Engine Manufacturing plant: 10000 square meters. Perimeter walls are made with concrete up to 2.3 meters and 4 cm thick steel from 2.3 m to 10.6 m height (ceiling)
· Site D: Aluminum manufacturing facility: 150000 square meters and ceiling height from 12.5 m to 18 m
· Site E; Casting foundry 28000 square meters
· Site F Engine machine and Assembly Shop: 21 000 square meters

D. Sexton et al. [18] 
Measurement setup
Measurements were first performed with VNA at 2.4 GHz and two antennas spaced 25 feet. Then in a second approach authors used for channel characterization primarily consisted of a spectrum analyzer set for zero span and a CW RF signal source. The third measurement approach used was to experiment with the performance of IEEE 802.15.4 radios in the actual industrial environment. 
Environment description 
Measurements were performed in industrial gas compression facility (machinery and compressor room)



K.A. Remley et al.: Oil refinery [19]
Measurement setup
VNA based measurements were performed from 750 MHz to 18 GHz with 48,003 points.  Low‐frequency band measurements, using one measurement band from 25 MHz to 1.2 GHz, are reported as well.
Environment description 
Tests were carried out at an oil refinery near Denver, Colorado in March, 2007. The Suncor oil refinery is an outdoor facility covering many hectares with several intricate multi‐story metallic piping systems creating ins some cases some tunnel-like environment as shown here below. 
[image: Figure]
Figure 12 Oil refinery near Denver, Colorado: (a) overview of the site and (b) dense piping makes a tunnel‐like propagation environment

Coll et al [20][21]
Measurement setup
VNA-based measurements in the frequency range (183–683 MHz, 1640–2140 MHz and 2200–2700 MHz).
Environment description 
Different scenarios are measured
· Paper Warehouse Environment: in this environment, rolls of finished paper product are stored in a warehouse
· Industrial Process Environment in the Paper Mill: in this environment, the walls and the ceiling of the process hall are made of metallic materials and the floor is made of asphalt
· Laboratory: the dimensions of the laboratory are 9.5 m × 6.5 m × 3 m in this environment, electronic instruments are stored and stacked on shelves,

[image: ][image: ][image: ]
Figure 13 Paper Warehouse (left), Industrial (middle), laboratory (right)
Liu et al.[22]
Measurement setup
A dedicated channel sounding system employed a vector signal generator and spectrum analyzer. The frequencies 1.1 GHz, 1.6 GHz, 3.5 GHz with 0.8 MHz bandwidth were performed. At 5.8 GHz 80 MHz wideband measurements were performed. 
Environment description 
Two types of industrial environments are considered in this measurement campaign, LoS (100 measurement spots) and NLoS (33 measurement spots). In NLoS scenarios, the propagation links are semi-blocked (shadowed) by metal machines and robots. The dimension of the measured workshop is 130 m×59 m×8 m, the Tx antenna is elevated with the height of 5 m

TU-Delft [23]
Measurement setup
The measurements were performed using a time domain technique, by transmitting Gaussian pulse of 50 ps, as a results the measurements can be performed in the bandwidth of 12 GHz
Environment description 
The measurements have been conducted in the laboratory for “Apparatenbouw en Proces Industrie” (API) of TU-Delft. This laboratory contains a lot of densely packed metal structures and equipment which makes it representative for an actual “Process Industry” radio environment. During all the measurements, the receiver was kept at a fixed location. For the measurements of different channels, the transmitter was put at different locations in the building. Most of the measurements were taken with the transmitter at ground level, however, some of the measurements were taken with the transmitter on the first floor of the structure (elevated by about 2.5 m). The picture shown here below gives an impression of the measurement environment. 
[image: ]
Figure 14 Apparatenbouw en Proces Industrie” (API) of TU-Delft

Patras Univ., Greece [24]
Measurement setup
The channel propagation characteristics are measured with the use of a correlation type channel sounder using the sliding correlator principle to perform wide-band channel characterizations. The bandwidth is 80 MHz and dynamic range 70 dB.  
Environment description 
A typical industrial environment is selected at the university of Magdeburg. The Magdeburg site is a manufacturing-like environment. It is a hall about 16mx45m and 10m high. There are two open metallic scaffolds at the perimeter of the hall, which we denote as levels (floors) 2 and 3. The external walls of the building are made of concrete while there are large glass windows. In the interior there are heavy machines, cranes, metallic shelves and other mechanical structures.

Durham University [25] 
Measurement setup
The measurements were performed using a multiband 2 × 2 multiple-input–multiple-output (MIMO) FMCW channel sounder. Up-conversion and down-conversion to cm-wave bands were used. Horn antennas with 20 dBi gain were employed.
Environment description 
A number of scenarios were measured, which include corridor, office, computer foyer and factory. The transmit antenna height was set depending on the ceiling height in the measured environment between 2.2 and 2.9 m above ground while the receiver antenna was fixed at 1.6 m to mimic an average human height. At each location, 73 data files were recorded corresponding to the full azimuthal coverage

[bookmark: _Ref129681832]Results
In the comparative work, performed in [1], the authors noticed a steeper increase of delay spread along Tx-Rx distance in industrial room as compared to traditional office room. In [6], the contributors observed that the obtained RMS delay spread increases linearly with the log of distance between the Tx and Rx antennas for all their considered scenarios. Of course, it was not surprising to find that NLOS conditions not only increases the path loss but also increases time dispersion.
The campaign in [11], realized over long distances (between 22 to 55 m), exhibits higher temporal dispersion with RMS delay spread of 12.3 ns and 91.8 ns at 10th and 90th percentile respectively. Besides, the RMS delay spread that were obtained from other measurement campaigns, that were carried out over shorter distances, oscillated from a minimum of 13 ns to a maximum of 51 ns. 
The data from a number of these campaigns is compiled in Table 4. Table 5 contains information on the hall size. Using this information, a scatter plot of the delay spread vs the hall volume is given in Figure 15 .






Table 4: Observations of rms delay spreads in industrial measurements.
	Environment
	Frequency
(GHz)
	Prop Cond.
	Delay spread values
	Notes

	Ai, Cheffena [1]

	0.8 - 2.4
	LOS

	10th perc = 16 ns
50th perc = 22 ns
90th perc = 27 ns
	CDF of the RMS delay spread given.
(2≤DTx-Rx ≤16)

	Karedal, Molisch [3][4]
	3.1 – 10.6
	LOS
	Mean RMS delay spread:
Min: 28 ns
Max: 38 ns
	Scatter plot of the RMS delay spread in function of DTx-Rx is given.
(2≤DTx-Rx ≤18)

	
	
	NLOS
	Mean RMS delay spread:
Min: 34 ns
Max: 51 ns
	

	S. Luo [6]
	2.4
	LOS
	RMS delay spread:
Min: 13 ns
Max: 32 ns
	Scatter plot of the RMS delay spread in function of DTx-Rx is given.
(1m ≤ DTx-Rx  ≤ 8 m)

	
	
	NLOS
	RMS delay spread:
Min: 22 ns
Max: 43 ns
	

	
	5.8
	LOS
	RMS delay spread:
Min: 9 ns
Max: 29 ns
	

	
	
	NLOS
	RMS delay spread:
Min: 15 ns
Max: 37 ns
	

	CEA- Leti
Nuclear plant [7]
	2.4
	LOS
	16.69 ns
	(3 m ≤ DTx-Rx  ≤ 13 m)

	
	
	NLOS
	20.54 ns
	(9 m ≤ DTx-Rx  ≤ 13 m)

	
	
	NLOS2
	9.62 ns
	(2m ≤ DTx-Rx  ≤ 13 m)

	
	
	NLOS3
	23.40 ns
	(6 m ≤ DTx-Rx  ≤ 13 m)

	B. Holfeld [8]
	5.85
	LOS
	10th perc = 17.4 ns
50th perc = 22 ns
90th perc = 27.5 ns
	

Scatter plot of the RMS delay spread in function of DTx-Rx is given.
(1.2 m ≤ DTx-Rx  ≤ 2.8 m)

	
	
	LOSB
	10th perc = 22.4 ns
50th perc = 28 ns
90th perc = 35.8 ns
	

	
	
	NLOSA
	10th perc = 22.2 ns
50th perc = 28 ns
90th perc = 37.9 ns
	

	
	
	NLOSB
	10th perc = 27.1 ns
50th perc = 36.5 ns
90th perc = 43.9 ns
	

	WINNER project [11]
	5.2
	LOS-VV
	10th perc = 21.7 ns
50th perc = 29.2 ns
90th perc = 47.2 ns
	Scatter plot of the RMS delay spread in function of DTx-Rx is given.
(22 m ≤ DTx-Rx  ≤ 55 m)

	
	
	NLOS-VV
	10th perc = 30.6 ns
50th perc = 40.8 ns
90th perc = 45.5 ns
	




[bookmark: _Ref528927884]Table 5: Observations of rms delay spreads in industrial measurements and room size.
	Room or hall size
	RMS delay spread
	Source

	20x20x5 m
	76 ns (for dense multipath components)
	[12]

	20x77x12 m
	LOS: 35 ns 
NLOS: 55 ns
	[13]

	21000-100000 m2
	30-170 ns
	[14]

	14x9x8 m and 94x70x10 m
	30-50 ns
	[3][4][15]

	120x20 m 
300x120x30 m
	40-140 ns 
40-300 ns
	[16]

	15x17x5, 18x27x5, and 20x30x6 m
	<30-50 ns
	[1][17]

	4x8x3 m
	<45 ns
	[6]

	“Large metal and brick building”
	10-200 ns
	[18]

	Outdoor oil refinery
	<150 ns
	[19]

	85x150x8 m
	Up to 220 ns
	[20][21]

	130x59x8 m
	< 15 ns
	[22]

	40x40 m (estimated)
	<25 ns
	[7]

	20x50 m (estimated)
	LOS: 11 ns, NLOS: 22 ns
	[23]

	29x15x7.3 m
	LOS: 20-30 ns, NLOS: 30-35 ns
	[8]

	16x45x10 m
	30-105 ns
	[24][24] 

	40x20x3 m
	LOS: <10 ns
NLOS: <50 ns
	[25]

	100x50x5 m
75x75x10 m
	20-300 ns
20-136 ns
	[26] 

	~30x23x4.2 m
150x100x10? m
100x100x10? m
	10-65 ns
5-260 ns
65-210 ns
	[27] 

	28x35x10 m
	LOS: 40-300 ns
NLOS: 10-270 ns
	[28] 

	50x70x12 m
	LOS: 130-150 ns
NLOS: 177-200 ns
	[29] 

	400x400x12 m
20x80x7.6 m
12x15x7.6 m
	0-300 ns
0-90 ns
15-140 ns
	[30] 

	60x20x8 m
	20-47 ns
	[11] 



[image: ]
[bookmark: _Ref4701990]Figure 15 99th percentile of RMS delay spread vs the factory hall volume, where each circle represents one measurement campaign. The percentile have been estimated from the reported cdfs, tables, or quoted numbers in the references. The solid line corresponds to the 99th percentile of the model suggested in Table 6.

Table 6: Suggested model parameters for a volume-dependent rms delay spread
	
	Industrial scenario

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	
V = hall volume [m3]

	
	lgDS
	0.18




Conclusion
To summarize, there are number of measurement campaigns in the literature and more recently reported in the 3GPP study item. In some cases environment description allows to find a dependency between the delay spread and volume.  Also the ranges of validity should be carefully taken into account
Further categorization of these results in the environment scenarios defined by the Study Item as well as the bandwidth is needed to extrapolate parametrization of 3GPP model in these environments. 

Proposal: Consider the results in this contribution when deciding on the delay spread model and whether this should be distance and/or volume-dependent

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]
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