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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 3GPP RAN1 #96bis meeting, a number of agreements for the indoor industrial channel model SI were reached. Regarding to the scenario description, four industry sub-scenarios are agreed,
· Sub-scenario 1: Low clutter density, both Tx and Rx antennas are clutter-embedded (LOS or NLOS)
· Sub-scenario 2: High clutter density, both Tx and Rx antennas are clutter-embedded (LOS or NLOS)
· Sub-scenario 3: Low clutter density, one of Tx or Rx is elevated above the clutter (LOS or NLOS)
· Sub-scenario 4: High clutter density, one of Tx or Rx is elevated above the clutter (LOS or NLOS)
However, the definition of “low” and “high” clutter density need to be further discussed.
[bookmark: OLE_LINK7]In this contribution, we provide an overview on the typical industrial factory environments, e.g. auto manufacturing, assembly manufacturing etc., based on the LS from 5G-ACIA in RP-181521 [3] as well as other references [4], [5], and some additional examples. Specifically, the characteristic differences between the existing TR38.901 indoor scenario and the typical indoor industrial environments are provided. These identified differences are helpful to define a suitable description of the industrial sub-scenarios, and, as appropriate, to define the potential new propagation parameters and components compared to the existing InH channel model. In section 2.4, we provide some considerations how to classify the industrial clutter density based on the overview of typical industry factory environments.
Investigation of characteristics of industrial scenario
In this section, the characteristics that appear beyond the existing InH channel model are investigated. Based on the investigation, the industry scenarios are categorized into several types, with different characteristics that impacts the propagation features.
[bookmark: _Ref527842695]Review of InH environment
To investigate the characteristics of the industrial scenarios that are highly correlated to propagation modelling, it is important to understand what propagation characteristics are involved.
The propagation characteristics include (e.g., see TR38.901),
· Path loss, LOS probability and penetration modelling (Section 7.4 of TR38.901), including: LOS / NLOS probability, path loss model, shadowing, penetration loss, etc.
· Fast fading parameters (Section 7.5 of TR38.901), including: Ricean K factor, delay spread, AoA/AoD/ZoA/ZoD spread, ZOD offset, XPR, etc.
· Additional modeling components (Section 7.6 of TR38.901), including blockage probability caused by static/dynamic blockers, and blockage model parameters, etc.
· The features not included in the current TR38.901: The impact of moving environment, e.g. moving robots, simultaneous moving of Tx and Rx.
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, 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).

The review of InH environment is conducted on the above aspects. The environment topology is depicted in Figure 1. It is seen that InH environment is characterized by the topology of open space office (Figure 1(a)) or a centered wide corridor with offices on both sides (Figure 1(b)). Concrete wall and ground is assumed. In this environment, the propagation characteristics are assumed to be approximately the same across the whole area. That is, it is a homogeneous environment. 
On the other hand, the BS and UE deployment are assumed such that BSs are deployed on a height of 3m (on the ceiling) and the UEs are on the ground (with a height of 1.5m).
[image: ][image: 12s]
(a) InH with open office (copy from TR38.901)        (b) InH with mixed office (copy from TR36.873)
[bookmark: _Ref527837016]Figure 1. Indoor Hotspot: a homogeneous environment
[bookmark: _Ref527833579]Typical industrial factory environments: Heterogeneous or homogeneous environment
As the first order investigation, the environment homogeneity of typical industrial scenario is investigated.
In the LS from 5G-ACIA, an indoor industrial scenario topology is provided and can be considered as one example scenario, see Figure 2. This figure depicts such an indoor industrial scenario with a factory hall topology reflecting a large variety of production plants. This model resembles a hall of 180 m by 80 m with a height of 25 m – no additional separating walls are included. In this case, the factory is a mixed landscape with different characterized areas / plants that may introduce different propagation characteristics. 
For example, as is seen in Figure 2, the mixed factory hall environment includes at least five different characterized areas / plants that may demonstrate different propagation features:
· Production area with alleys;
· Assembly line with alleys
· Storage / ware house with corridors;
· Commissioning area with open space
· Offices 
Such scenario is a typically heterogeneous environment, with potential much diverged propagation characteristics for different regions within the area of interest. It is quite different from the traditional channel modelling environment (including InH) where basically homogeneous propagation characteristics are assumed within the interested area. 
[image: ]
[bookmark: OLE_LINK12]Figure 2. Indoor Industrial Scenario (5G-ACIA): a highly heterogeneous topology
Another example is the automobile factory environment, which is also a typical example for industrial scenario. For example, in [6], the automobile factory topology is provided. It is seen that this factory scenario also includes several areas / plants which will potentially have different propagation characteristics.
[image: ]
Figure 3. Automobile factory Scenario
There are other examples shown in Section 2.3. In these investigated example factory environment, there are also cases for mixed landscapes that involve characterized areas which might show different propagation characteristics. 
In contrast, there are also examples with factory environments where walls exist among the different characterized areas / plants; or these areas are in different / individual buildings. By assuming that the transmitted signals could hardly penetrate across the concrete wall (certainly it is true for individual building case), each characterized areas / plant is isolated. Consequently the traditional homogeneous assumptions can hold in each of the characterized area, that is, the same propagation characteristics can be assumed across the given area.
According to the above analysis, it is worthwhile to consider whether to capture the heterogeneous topology or homogeneous topology in channel modeling study, or both. The former is likely to request new components to existing channel models. Heterogeneous topology will most probably lead to location dependent characteristics (i.e. the location of Tx and/or Rx within the heterogeneous environment will affect the channel model parameters).
Observation 1: In industrial scenarios, there is heterogeneous topology case that involves un-isolated areas / plants with potentially different propagation characteristics. 
Based on the above information, generally, industrial buildings are taller than office buildings and are separated into several working areas. Between each working areas, there are some alleys for people pass through.  The ceilings are often occupied with metalized shelves. The area itself is structure with metallic fences as well as metallic blocking objects such as shelves, frames, pillars, etc. In addition, the random/periodic movements of workers, robots, overhead cranes, fork lift and other objects may cause additional blockage and introduction Doppler shift. 

Observation 2: The layout of indoor industrial scenarios significantly differs from the indoor office scenario in TR38.901. Indoor industrial scenarios are metallic environments, including metallic ceiling, metallic walls, and metallic columns, large amounts of metallic objects, metallic shelves and frames.

Some typical industrial factory environment topologies
Despite the heterogeneous or homogeneous topology impact on channel modeling, it is observed (as already mentioned in Section 2.2) that there are different areas that exhibits quite different topology characteristics and may introduce different propagation characteristics. The propagation characteristics are listed in Section 2.1.
In the following, some typical industrial environment topologies are investigated based on their potential impact on the propagation characteristics. Normally, the dominate material in the factory is metal, e.g. the ceilings with metalized shelves, metallic fences as well as metallic blocking objects such as shelves, frames, pillars, etc. However, dominant materials may be different for different industrial factory environment. This should be further studied.
Large indoor environment (e.g., assembly line / assemble shop area)
This space is characterized by the area with relatively big scenario. The building height is often more than 20 m. 
Figure 4 and 5 show some typical areas of such plants, especially the production lines, which occupy the largest area in such plant. Each production 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. Thus, most of the machine movements are within the production cells, while the product/product parts being assembled move along the production line across the production units. 
Further, a lot of metal frames can be found both above the production lines and below the ceiling, for accommodating cables, etc.
For the supply of the product components/parts to the production lines, one or several transport vehicles called “milkrun” are moving regularly in the plan, i.e. between the supermarket and the production lines. A “milkrun” is typically consisting of a pulling vehicle driven by a human, and a number of dolly’s/carts containing the product components/parts. Further moving objects in the plant include AGV and human users, etc.
[image: D:\Huawei_Relevant\Channel_Measurement_Modelling_Projects\Project_3_2017\3GPP_SI_Industrial_Relevant\01_Chengdu_Meeting_Oct2018\Huawei Tdoc\Figures_Bosch\connected-industry-bosch-plant-blaichach-1136x729.jpg]
Figure 4. Example 1 of an industrial factory environment in Germany [7]

 [image: https://www.werma.com/gfx/image/products/system/smartmonitor/produktion-signal.jpg]
Figure 5. Example 2 of an industrial factory environment in Germany [8]
Dense metallic space (e.g., Production area / Departmental workshop / Automobile factory measurement workshop)
Another typical factory environment is relative small which the building height is often less than 10 m. There are many obstacles inside the factory. Therefore, the NLOS probability is also very high. Figure 6 provide an example of automobile factory measurement workshop, the dimension of the measured workshop is 130 m × 59 m × 8 m.
[image: ]
Figure 6. Automobile factory measurement workshop [9]
All above environments are metallic, indoor industrial maybe a highly reflective environment comparing to normal indoor office or shopping. 
Dense space with light metallic environment (e.g., some storage / ware house)
[image: ]
Figure 7. Storage [10]
The Storage Factory provides storage service where the products are allocated up to the ceiling with long narrow metallic shelves with gangways between them. 
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Open indoor space (e.g., Commissioning area)
[image: ]
[bookmark: OLE_LINK22]Figure 8. Commissioning area [11]

In commissioning area, slow moving trains, fork lifts and AGVs and scarce small stationary metallic objects are always configured in an open space. 

Office space
[bookmark: _GoBack][image: ]
Figure 9. Office space [12]

In office space, it normally consists of gypsum plasterboard walls separating the offices/cubicles, coffee corners and conferencing spaces from the actual production area. 
Observation 3: The layouts of different indoor industrial scenarios are significantly different.
Considerations to classify industrial clutter density
Based on the overview of typical industry factory environments, most of the factories are high clutter density with many metallic shelves, metallic fences as well as other blocking objects. However, some other areas, e.g. commissioning area or office space will be low clutter density.  The following table summary the status of the clutter density for each typical factory environment. It should be noted that the topology of each industry factory may be different, so the following classification should be adjusted based on the specific topology if the detail environment information is available. 
	Typical factory environment
	Low clutter density
	High clutter density

	Production line
	
	√

	Assembly line
	
	√

	Assemble shop area
	
	√

	Departmental workshop
	
	√

	Automobile factory measurement workshop
	
	√

	Storage/ Ware house 
	
	√

	Commissioning area
	√
	

	Office space
	√
	



[bookmark: _Ref129681832]Conclusion
According to the above discussions, we have the following observation:
Observation 1: In industrial scenarios, there is heterogeneous topology case that involves un-isolated areas / plants with potentially different propagation characteristics. 
Observation 2: The layout of indoor industrial scenarios significantly differs from the indoor office scenario in TR38.901. Indoor industrial scenarios are metallic environments, including metallic ceiling, metallic walls, metallic columns, large amounts of metallic objects, metallic shelves and frames.
Observation 3: The layouts of different indoor industrial scenarios are significantly different. 
These observations on characteristic differences between InH scenario and typical indoor industrial environments may lead to the different propagation parameters and model, such as path-loss, shadow fading, LoS probability, delay spread, angular spread, blockage etc. Thus, we have the following proposals: 
Proposal 1: Study and specify the key characteristic differences between new industrial propagation scenario and 3GPP InH model.
Proposal 2: Consider the variety of indoor factory scenario, study and specify the scenario classification. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 3: Most of the factories are high clutter density with many metallic shelves, metallic fences as well as other blocking objects. However, some other areas, e.g. commissioning area or office space will be low clutter density.  Clutter classification should be adjusted based on the specific topology if the detail environment information is available.
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