Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _GoBack]3GPP TSG-RAN WG1 Meeting #96	Tdoc R1-1903122
Athens, Greece, February 25th – March 1st, 2019

Agenda Item:	7.2.11
Source:	Ericsson
Title:	Further discussion on channel modelling for the Indoor industrial scenario
Document for:	Discussion
1	Introduction
In RAN1#95, we provided our initial views on channel modelling for the indoor industrial scenario [1]. Following the email discussions on the channel model reflector [2][3][4], we in this contribution reiterate and expand on our views of various aspects of channel modelling for the indoor industrial scenario. 
[bookmark: _Ref178064866]2	Discussion
2.1	LOS and NLOS path loss
Reiterate the observations from the literature review, but with less emphasis on the shadowing/blocking losses and more on the path loss slopes. Proposal: LOS and NLOS path loss models are common for all factories?
As observed in the literature review in [1], in LOS conditions it is very common with path loss exponents < 2 due to reflections from metallic objects and waveguiding along aisles. From the numerous reported measurements in the literature it should be possible to derive an average path loss model for LOS. 
[bookmark: _Toc1152719]Derive a single LOS path loss model by averaging over different measurement campaign, and use this model for all sub-scenarios 
In the same literature review there were numerous reports of path loss in NLOS conditions. Several references reported that the NLOS path loss exponent was higher in heavy clutter factories than in light clutter factories. This appears intuitively reasonable, as more clutter increases the number of potential interactions with the environment that a propagation path requires before reaching the receiver. It therefore seems reasonable to distinguish between light clutter and heavy clutter conditions in the path loss modelling. 
[bookmark: _Toc1152720]Derive separate NLOS path loss models for light clutter and heavy clutter factory halls, e.g. by averaging over different corresponding measurement campaigns. Alternatively, make the path loss exponent dependent on the clutter density.  
2.2	LOS probability
In [5], the LOS probability for two different industrial environments (“light industry” and “heavy industry”) is determined using ray-tracing. In both cases, a 50x50x9 m hall was simulated with a ceiling-mounted antenna in the center of the hall. The resulting LOS probability functions are shown in Fig 1 below. It appears from Fig 1 in [5] that there were some internal walls which divided the factory hall in both cases, which may be the explanation for the drop to zero probability at about 35 m distance. 

[image: ]
Figure 1	LOS probability curves (reproduced from [1])

To further investigate the LOS probability and its dependence on antenna heights and clutter, we have created a canonical scenario according to fig2. In this scenario, the blue columns represent clutter on the factory floor, where we assign an occupancy rate r (0>r>100%) that specifies the fraction of the floor area that contains clutter and a clutter height range. For the following, we have assumed that the clutter is 1 m wide and between 1-3 m high, hTX = 10 m and hRX = 1.5 m. The LOS probability is determined by repeating the experiment of randomly distributing clutter according to a certain occupancy rate and averaging the LOS state vs distance. The results using these parameters are shown in fig3.
[image: ]
Figure 2	Scenario for LOS probability experiments
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Figure 3	Empirical LOS probabilities determined for the canonical industrial scenario.
Based on results such as these, one can consider deriving an empirical LOS probability function for one or more sub-scenarios such as “light” and “heavy” clutter. Alternatively, it might be possible to include the clutter density explicitly through multi-parameter curve-fitting. 
[bookmark: _Toc1152717]The LOS probability is strongly dependent on the clutter density in the industrial scenario
[bookmark: _Toc1152721]Derive a LOS probability for one or two sub-scenarios differing in their clutter density. Alternatively, formulate a LOS probability function with explicit dependence on the clutter density, and specify one or two typical values in the scenario description. 
2.3	O2I penetration loss
In certain types of evaluations, it may be necessary to consider the interference into or out of a factory. Therefore, it can be useful to specify the external wall loss. In the LS from 5G-ACIA [6], the following guidance on the materials used for indoor industrial facilities is given:
“The facilities can be considered to be built of concrete walls and ceiling, glass windows (if any) are considered to be metal-coated for heat and direct sunlight protection.”

We note that the combination of concrete walls and metal-coated windows is well matched to the high-loss building penetration model that is described in TR 38.901, Table 7.4.3-2. Thus, for the external wall loss, it is recommended to reuse  and σP from the high-loss model. The indoor loss part, if needed, may require further study. 

[bookmark: _Toc1152722]For O2I penetration loss in the industrial scenario, use  and σP from the high-loss model that already exists in TR 38.901. 


2.4	Fast fading modelling and parameters
As reported in [1], in our literature survey we found many measurements of the delay spread in industrial environments, see Table 2. A clear trend of increasing delay spread with increasing factory hall size is observed, as shown in Figure 4. We attempt to capture this trend by introducing a dependency for lgDS on the room volume according to the Industrial column in Table 1. This function has been derived such that the 99th percentile of the delay spread (given by lgDS + 2.32lgDS) follows the red curve in Figure 4, except that the 99th percentile becomes lower bounded by 50 ns for small volumes (lower bound is 19 ns for the median delay spread). 
[bookmark: _Toc1152718]The rms delay spread increases with increasing factory hall volume
[bookmark: _Toc1152723]For rms delay spread in the industrial scenario, use a hall volume-dependent lgDS.



[bookmark: _Ref1129917]Table 1: Proposed model for hall volume-dependent rms delay spread
	Scenarios
	Indoor-Office
	Industrial

	
	LOS
	NLOS
	

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-0.01 log10(1+fc) - 7.692
	-0.28 log10(1+fc) - 7.173
	
V = hall volume [m3]

	
	lgDS
	0.18
	0.10 log10(1+fc) + 0.055
	0.18



[bookmark: _Ref528927884]Table 2: Observations of rms delay spreads in industrial measurements. (Note: the source column points to references in [1])
	Room or hall size
	RMS delay spread
	Source

	20x20x5 m
	76 ns (for dense multipath components)
	[15]

	20x77x12 m
	LOS: 35 ns 
NLOS: 55 ns
	[17]

	21000-100000 m2
	30-170 ns
	[24]

	14x9x8 m and 94x70x10 m
	30-50 ns
	[27]

	120x20 m 
300x120x30 m
	40-140 ns 
40-300 ns
	[28]

	15x17x5, 18x27x5, and 20x30x6 m
	<30-50 ns
	[31]

	4x8x3 m
	<45 ns
	[35]

	“Large metal and brick building”
	10-200 ns
	[36]

	Outdoor oil refinery
	<150 ns
	[37]

	85x150x8 m
	Up to 220 ns
	[43][44]

	130x59x8 m
	< 15 ns
	[45]

	40x40 m (estimated)
	<25 ns
	[47]

	20x50 m (estimated)
	LOS: 11 ns, NLOS: 22 ns
	[49]

	29x15x7.3 m
	LOS: 20-30 ns, NLOS: 30-35 ns
	[53]

	16x45x10 m
	30-105 ns
	[55]

	40x20x3 m
	LOS: <10 ns
NLOS: <50 ns
	[60]
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[bookmark: _Ref1129323]Figure 4	Maximum observed rms delay spread vs room volume. Data samples taken from the references in Table 2 with some estimation of volume in case of insufficient information. The red curve represents an approximate upper bound.
Published results on other fast fading parameters such as angular spread, Ricean K-factor, and XPR are also summarized in [1]. These results should be considered when deciding on the channel model parameters. 
2.5	Additional modeling components
Dynamic changes in the channel due to mobility with respect to fixed scatterers are already captured in the baseline model of 38.901. Smooth and realistic transitions between LOS and NLOS states may be modeled using the “soft LOS” within the spatial consistency framework as described in clause 7.6.3.3 in 38.901. The speed of such transitions is determined from the wavelength and from correlation distance parameters as defined in Table 7.6.3.1-2. For the indoor industrial scenario, these correlation distance parameters should also be studied and parameterized.
[bookmark: _Toc1152724]Define correlation distance parameters for the indoor industrial scenario to be able to apply the spatial consistency modelling of 38.901, including soft LOS transitions


Additional dynamic changes in the channel may occur due to blocking by e.g. moving equipment parts. We propose to utilize Blockage model B of 38.901 to account for such events, where the blocking object is represented by a rectangular screen which acts as a spatial filter that attenuates MPCs in certain directions. To support the use of this model in the indoor industrial scenario, we propose to recommend additional blocker parameters representing e.g. an industrial robot or similar. 
[bookmark: _Toc1152725]Define one or more sets of recommended blocking parameters for objects found in an indoor industrial setting, such as industrial robots or AGVs. 

Absolute time of arrival modeling can be important for e.g. evaluation of positioning using time of arrival techniques. The existing delay modeling in 38.901 normalizes the delays such that the first arriving path has a delay of zero, so it may be necessary to improve the model. For LOS links, a constant delay equal to  should be added to all MPCs to account for the time of flight of the radio waves. In NLOS, an additional delay may be expected since the direct path is often completely suppressed by blocking metallic objects. Further study using ray-tracing or carefully time-synchronized measurements may be needed to characterize this additional delay. 
[bookmark: _Toc1152726]Absolute time or arrival should be modelled by adding an additional delay to all MPCs
· [bookmark: _Toc1152727]For LOS links, this additional delay should be 0=d3D/c
· [bookmark: _Toc1152728]For NLOS links, this additional delay should be 0=d3D/c+, where the modeling of is FFS

It has been observed that some industrial machinery may cause EM interference, which could appear as non-white noise in the propagation channel. The variance of this noise is expected be dependent on the proximity of the receiver to the interfering machinery. It is unclear if the characterization and specification of the EM interference source itself falls within the scope of the present study item, but it seems appropriate to consider the modelling of the propagation channel between the interfering equipment and the receiver. For this, we can simply use the same approach as for regular communication links, i.e. the source of the EM interference is considered as a transmitter with certain output power, spectrum characteristics, and effective antenna gain. For interference to the downlink, the interferer-Rx link can likely be represented with a D2D scenario in which both transmitter and receiver are located below the average clutter height. 
[bookmark: _Toc1152729]Model propagation links between equipment causing EM interference and communication equipment using the same channel model as for communication links
· [bookmark: _Toc1152730]Note: This may require a channel model for a D2D scenario where both transmitter and receiver are located below the average clutter height

Conclusion
In the previous sections we made the following observations: 
Observation 1	The LOS probability is strongly dependent on the clutter density in the industrial scenario
Observation 2	The rms delay spread increases with increasing factory hall volume


Based on the discussion in the previous sections we propose the following:
Proposal 1	Derive a single LOS path loss model by averaging over different measurement campaign, and use this model for all sub-scenarios
Proposal 2	Derive separate NLOS path loss models for light clutter and heavy clutter factory halls, e.g. by averaging over different corresponding measurement campaigns. Alternatively, make the path loss exponent dependent on the clutter density.
Proposal 3	Derive a LOS probability for one or two sub-scenarios differing in their clutter density. Alternatively, formulate a LOS probability function with explicit dependence on the clutter density, and specify one or two typical values in the scenario description.

Proposal 4	For O2I penetration loss in the industrial scenario, use  and σP from the high-loss model that already exists in TR 38.901.
Proposal 5	For rms delay spread in the industrial scenario, use a hall volume-dependent lgDS.
Proposal 6	Define correlation distance parameters for the indoor industrial scenario to be able to apply the spatial consistency modelling of 38.901, including soft LOS transitions
Proposal 7	Define one or more sets of recommended blocking parameters for objects found in an indoor industrial setting, such as industrial robots or AGVs.
Proposal 8	Absolute time or arrival should be modelled by adding an additional delay to all MPCs
	For LOS links, this additional delay should be 0=d3D/c
	For NLOS links, this additional delay should be 0=d3D/c+, where the modeling of is FFS
Proposal 9	Model propagation links between equipment causing EM interference and communication equipment using the same channel model as for communication links
	Note: This may require a channel model for a D2D scenario where both transmitter and receiver are located below the average clutter height
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Fig. 3. LoS probability for light and heavy industry at 28 and 60 GHz.
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