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1	Introduction
The study on channel model for frequencies from 0.5 to 100 GHz (3GPP TR 38.901) defines a wideband channel model and gives model parameters for certain scenarios. The wideband channel model is going to be extended for industrial environments. In the following, path loss parameters from measurements in a factory hall at 28 GHz are presented.
2	Methodology
A systematic channel sounding campaign at 28 GHz was performed within a factory environment. The investigated factory hall has dimensions of 100 m x 70 m and a height of around 7 m. The hall is used as an assembly space for electronic devices and it is densely equipped with assembly and production cells. The cells have a constant height of 2.5 m and consist mainly of tables, shelves and racks for instrumentation (see panoramic view below). Between the different production cells are aisles with a width of around 2m and there is also a broader circular aisle along the outer walls. There are no walls within the hall.
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For the measurement campaign an omnidirectional transmit antenna was placed on a balcony at one outer wall at a height of around 4.5 m over the floor of the main hall. The receiver was mounted on a cart, which was moved along certain tracks along three different aisles. The receiving antenna was 1.5 m above the floor. On this tracks every 0.6 m a measurement snapshot was taken. One aisle was under line-of-sight (LOS) conditions facing directly to the transmitter, whereas the other two aisles were under obstructed-line-of-sight (OLOS) In these aisles at about 50% of the positions, the LOS path was obstructed. An overall number of 50 snapshots was taken for the LOS case and a number of 130 snapshots was taken for the OLOS case.
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The measurements were performed with a virtual circular array at the receiver side, embodying 1000 virtual omnidirectional array elements on a circle of 100 mm diameter. For each of the virtual array elements a channel sounding with a correlation sequence of 50 µs length was implemented, resulting in 50 ms measurement time for one snapshot. Thus, 1000 channel impulse responses (CIR) were gathered from the virtual array for each measurement position. The measurement bandwidth was 2 GHz, the carrier frequency was 28 GHz and the transmit power was 28 dBm. Those 1000 channel impulse responses were used to calculate an averaged power delay profile (APDP).


[bookmark: _Ref178064866]3	Observations
In the following, the temporal structure of the CIR is discussed by means of the APDP. Furthermore, the path loss for the complete CIR channel as well as for the strongest multipath component are investigated for the LOS and OLOS case
2.1	Temporal structure of the power delay profile
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	Averaged Power Delay Profile
aisle 1, pos 38, LOS
	Averaged Power Delay Profile
aisle 2, pos 42, OLOS

	
	

	[image: ]
	[image: ]

	Averaged Power Delay Profile
aisle 3, pos 6, OLOS
	Averaged Power Delay Profile
aisle 3, pos 27, OLOS

	
	


The pictures above show representative APDPs retrieved from the measurement campaign. The first example is from a LOS situation, the other plots show results from OLOS scenarios. It is common for all scenarios that there are certain clusters of paths i.e. taps having significantly higher power. Between the clusters there are very dense multipath components, which could not be temporarily resolved, even with a measurement bandwidth of 2 GHz and an approximate temporal resolution of 0.5 ns.
The figure below gives a closer look on all APDPs collected within aisle 1 (LOS). The consistency of the LOS and strong multipath components over the track distance could be clearly identified.

[image: ]

Observations:
In this factory scenario typically 2 to 4 temporal clusters with a prominence of at least 10 dB could be observed.

The temporal clusters are associated to strong reflections from the building structure, which are spatially consistent over a larger distance.

Between the clusters, the APDP are evenly filled up with dense multipath components. No gaps could be identified.


2.2	Path Loss
Within each APDP certain peaks could be determined with respect to a certain peak prominence and a certain relative threshold compared to the strongest peak. These peaks could be categorized into three types:

1. strongest peak, i.e. strongest multipath component
2. peaks which form a cluster of stronger peaks
3. diffuse and dense peaks

The diffuse peaks could not be found if the peak prominence is to large. All found peaks contribute to the received power and could be used to determine the path loss.

2.2.1	Line of Sight
The figure below shows the path gain determined from the strongest peak, which is the LOS component (red), compared to the sum power of all peaks (blue) and the free space loss (red dashed line) for the LOS measurements (aisle 1). For this evaluation a peak prominence of 1.5 dB and a relative threshold of 40 dB was used.
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Observations

The LOS component matches the free space loss, and shows just small fluctuations. Thus, there are no significant multipath components within the strongest resolvable peak (the deviation for the first meters is due the influence of the antenna patterns, since the transmit antenna was visible under a large elevation angle).

Including all multipath components yields 1-3 dB additional received power.

The path loss exponent is around 2.


2.2.2 	Obstructed Line of Sight
The figure below shows the same evaluations (peak prominence of 1.5 dB, absolute threshold of 40 dB) for all scenarios with obstructed-line-of-sight (aisle 2 and aisle 3).
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Observations

The strongest multipath component (strongest MPC) show a fluctuation of up to 20 dB below the free space loss and up the 2 dB above free space loss.

The received power from all multipath components (complete APDP) is considerably higher. It varies in the range of around 10 dB below free space loss and 2 dB above free space loss.
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