Page 4
Draft prETS 300 ???: Month YYYY

3GPP TSG-RAN WG1 Meeting #95	Tdoc R1-1813129
Spokane, WA, USA, November 12th – 16th, 2018

Agenda Item:	7.2.11
Source:	Ericsson
Title:		Views on scenario description, frequency bands of interest, and existing literature on channel measurements for the indoor industrial scenario
Document for:	Discussion

1	Introduction
In RAN#81 it was decided to open a new RAN1-led SI on Channel modeling for Indoor Industrial scenarios [1]. As outlined in [5], for RAN1#95 companies are invited to provide their views on the scenario description, the frequency bands of interest, and existing literature and new measurements. In this contribution, we present our initial views on these items.  
[bookmark: _Ref178064866]2	Discussion
2.1	The indoor industrial scenario
From [5]: In this area, companies are invited to provide their view of what characterizes the indoor industrial scenario and what distinguishes it from existing scenarios such as those in TR 38.901. This may include views on factory layout, typical expected deployments, building materials, presence of moving objects, etc, i.e. anything that may have an impact on the propagation channel. As suggested by the SID [1], the LS from 5G-ACIA [4] may be used as one of the references for this discussion. The purpose of contributions in this area is to support the convergence on an environment description at a suitable abstraction level in the TR (see also [3]). Furthermore, the contributions may help guide what modeling components that should be included in the channel model, by identifying the need for models for e.g. external wall penetration, blocking, single or dual mobility, etc.
The LS from 5G-ACIA to RAN [4] contains a good overview the typical layout and characteristics of existing industrial production facilities. This overview is complemented by the publicly available literature on propagation measurements in industrial scenarios where additional insights can be gained by studying descriptions and photos of the diverse measurement environments. See the reference list at the end of this contribution. Compared to the InH scenario in 38.901, these are some of the distinguishing features for the indoor industrial scenario:
· Often a much larger indoor hall with higher ceiling, the example scenario in [4] is of size 180x80x25 m with few or no internal walls, see Figure 1. The measurements in the literature spans room-sized halls to vast aircraft assembly hangars. From a propagation point of view, this can be expected to give rise to multipath dispersion with larger variability than for an indoor office scenario. 
· Concrete and metal is abundantly used for floor, walls, and ceiling, which is expected to produce stronger reflections than softer materials
· The clutter consists of mainly metallic object of variable sizes, e.g. large objects 1-5 m below the ceiling, medium objects in the alleys, and small to medium objects along assembly lines and in discrete manufacturing areas. The density and distribution of these objects are expected to have a significant impact on LOS conditions. Indeed, some researchers have used a categorization into LOS, lightly obstructed LOS, and heavily obstructed LOS [10][11][23][24]. Furthermore, in the case of mobility of either the objects or the antennas, rapid transitions between LOS and obstructed channel conditions may occur. The clutter is also expected to give cause reflections and scattering.  
· BS deployment opportunities may be restricted to e.g. walls or columns
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Figure 1 Indoor industrial scenario proposed by 5G-ACIA
For efficient and comparable evaluations of IIoT and URLLC in 3GPP, it is desirable to formulate a generic scenario that captures the main characteristics of the indoor industrial scenario without the need for detailed and site-specific layouts or propagation modelling. One challenge will be to tailor the scenario and channel model to the expected evaluations, which in the case of IIoT and URLLC can include some KPIs that are different than the ones typically used for eMBB evaluations. Specifically, for reliability evaluations, it is important to ensure that the channel realizations will capture the expected range of variability but while unrealistic outliers are avoided. This requires some additional attention to the random distributions of the channel parameters (LSPs etc) and how these are derived from limited sets of measurement data. 
One promising approach for abstracting the scenario is to use a generic description of the environment but adding explicit blockers according to a predefined density to capture the impact of the clutter, e.g. as illustrated in Figure 2. The blockage model B in 38.901 can be readily used to model the impact of this clutter on the propagation channel. See [6] for further details on this methodology and how it can be used for simulations within the Rel-16 NR URLLC work. 
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Figure 2 Proposed indoor industrial layout in [6] 

2.2	Frequency bands of interest
From [5]: In this area, companies are invited to identify frequency bands of interest for industrial deployments where URLLC/IIOT enhancements are to be applied. The reason is two-fold: 1) to guide participants who aim to perform new channel measurements which frequencies to prioritize and 2) to guide the channel modeling work so that the identified frequencies can be covered by the modeling work.  
It seems likely that candidate bands for deployments in the industrial scenario may include any existing or future frequency bands supported by 3GPP technology. Along these lines, we note that 5G-ACIA in their LS to 3GPP RAN [4] indicate interest in both sub-6 GHz and mmWave bands, with the 3.4-3.8 GHz band identified as a promising candidate (though other bands may be available or allocated on a national or regional level). Moreover, a new SI on NR beyond 52.6 GHz [7] has been approved. In [8], it is proposed that the waveform design in this SI also considers the industrial automation/IoT use case. A list of the frequency bands above 52.6 GHz and their status is provided in [9].
Considering this wide range of potential frequency bands, it is wise to aim for a channel model covering a similar frequency range as the existing UMa/UMi/InH scenarios in 38.901, e.g. 0.5-100 GHz. Some effort should then be spent on characterizing channel properties in diverse frequency bands within this range with the ambition to merge the observations into (possibly frequency-dependent) parameterizations of the model covering the full frequency range. 
2.3	Existing literature and new measurements
From [5]: In this area, companies are invited to describe recent, ongoing, or upcoming measurement campaigns characterizing the propagation channel in industrial scenarios. Additionally, contributions describing previous models or measurements available in the literature are encouraged. Observations or model proposals resulting from these measurements may also be included. 
To establish the state of the art we have conducted a comprehensive literature review of publications related to propagation in industrial scenarios, identifying publications spanning three decades (1989-2018). In the following we attempt to summarize the observations in three general areas: coverage, multipath, and propagation in higher frequency bands. The full list of references is included at the end of this contribution. 
2.3.1	Coverage
A surprisingly large number of path loss measurements in various industrial environments were found in the literature ([10], [11], [13], [15], [19], [20], [23], [27], [28], [29], [30], [33], [35], [37], [38], [40], [41], [42], [44], [45], [46], [47], [48], [53], [54], [55], [57], [58], [59], [60]) mainly focusing on 2.4 GHz or below though there were some results at frequencies up to 70 GHz ([37], [49], [60]). The most common measurement scenario is a factory hall or warehouse. Although these vary in size and level of clutter the results are mostly similar: “overall, building-to-building variation is limited” [11]. Reflections from walls, ceiling, and metallic objects are commonly found to provide lower than free space path loss in LOS ([11], [23], [30], [59], [60]). In obstructed LOS or NLOS the path loss exponent is also found to be lower than in outdoor cases, sometimes even with a similar slope as in LOS though with an offset corresponding to a shadowing or blocking loss ([10], [19], [23], [35], [45], [59]). Observations of this offset shadowing loss is summarized in Table 1. When modelling the NLOS path loss using a single slope path loss model, the standard deviation is typically around 4-9 dB, [10], [23], [59], (although it is significantly higher at 12 dB in an outdoor mine measurement [50]).
[bookmark: _Ref528927376][bookmark: _Ref514412026]Table 1: Observations of shadowing losses in industrial measurements.
	Shadowing losses
	Frequency range
	Type of antennas
	Source

	Light clutter: 7 dB
Heavy clutter: 12 dB
	0.9-5.2 GHz
	Omni
	[10]

	Metallic warehouse rack: 4.6 dB (per rack)
	2.4 GHz
	WiFi (omni?)
	[19][20] 

	Various common factory equipment: 2-20 dB (incl. walls and floors)
Note: authors claim the loss is 5-20 dB less than diffraction loss
	1.3 GHz
	Discone (omni)
	[23]

	Tanks, pipes, heavy machinery: <10 dB
	2.4 GHz
	WiFi (omni?)
	[29]

	Oil rig: 5-10 dB
	2.4 GHz and 5.8 GHz
	Omni
	[35]

	Deep behind dense steel piping: 20-50 dB
	2.4 GHz
	Omni, horn
	[37]

	Concrete floor: about 30 dB
	2.4 GHz
	Omni
	[42]

	Up to 20-30 dB excess loss in NLOS
	3-11 GHz
	Not specified (UWB)
	[49]

	Light to heavy clutter: rarely more than a few dB
	2.4 GHz
	WiFi (omni?)
	[55]

	Up to 20 dB behind concrete walls
	2.4 GHz
	WiFi AP + laptop
	[57]

	Up to 15 dB through concrete wall
	2.4 GHz
	Omni
	[58]

	Up to 45 dB in open and densely cluttered production lab
Note: This seems to include fast fading dips. Appears to be <25-30 dB at the 0.01% probability level if fast fading is excluded 
	2.3 GHz and 5.7 GHz
	Omni
	[59]



To summarize, when within the same hall the excess loss in NLOS seems to be 2-20 dB. Propagation through walls or floors may bring this excess loss up to 15-30 dB. At least one extreme case of excess loss up to 50 dB is reported for an outdoor oil refinery, but it is unclear if this measurement is representative of any typical deployment scenario.
2.3.2	Multipath
A number of measurements of the delay spread were found in the literature with reported delay spreads ranging from 10-300 ns, see Table 2. The variations can be seen to be somewhat correlated with the hall size, ranging from up to 50 ns in smaller room-sized halls to up to 300 ns for vast factory halls or warehouses as shown in Figure 3. This can be explained by the fact that the hall acts as a reverberation chamber in which energy is reflected inside the room while slowly being absorbed. The size of the room and the rate of absorption can be used to quite successfully predict the delay spread using the room electromagnetics theory [17], [21], [34]. Alternatively, the red curve in Figure 3 could be used as a rough upper bound for the delay spread depending on room size. One should note that the experienced delay spread may be reduced when using beamforming resulting in more narrow beams.
[bookmark: _Ref528927884]Table 2: Observations of rms delay spreads in industrial measurements.
	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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Figure 3 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.
The rich scattering environment results in small-scale fading statistics for moving terminals that follow a Rayleigh distribution or in the case of LOS in a Rice distribution with typical K-factors around 12 dB [11],[23], though this could change to more Ricean fading if narrow beam widths are utilized. For stationary antennas, [23] observes little temporal fading due to the large size of stationary scatterers and reflecting surfaces in relation to the smaller sizes of moving equipment and people. The distance to the moving object can be understood to be highly correlated to the impact of its movement on the propagation channel. Long-term measurements (20 hours) during regular activity in a steel mill [40],[41] show that the received power can be very stationary for long time periods, interrupted by quicker changes to a different level (state). This behavior is very reminiscent of the stationary office measurements [61] that lead to the development of the blocking model [62] that has subsequently been incorporated into several models such as e.g. 3GPP 38.901. 
Only two measurements [28],[60] quantifies the angular spread of the channel. In [28], the azimuth angular spread is found to be 5-25° in a car manufacturing hall and 10-35° in an aircraft assembly hangar. These angular spreads are lower than predicted by e.g. the 3GPP InH scenario. In [60] the angular spreads are found to be 30-60°. Possibly, the angular spread is also dependent on the room size but since no further measurements are available this remains for future study.
The polarization scattering is reported in [16],[17], with an XPR of 11-12 dB in LOS and 7-8 dB in NLOS. Similarily, [60] reports XPRs of about 11-12 dB. These values are of similar order as outdoor and indoor measurements such as in [63] or as modelled by 3GPP 38.901 InH.
2.3.3	Propagation in higher frequency bands
As discussed in section 2.3.1 the majority of the measurements are for 2.4 GHz or below. Those few measurements involving frequencies in higher ranges up to 70 GHz ([37],[49],[60]) seem to be in line with the observations at lower bands. This seems reasonable as specular reflections and scattering from metallic objects is expected to behave similarly at higher frequencies including mmw bands. Therefore, the NLOS losses from blocking by various objects will probably not be strongly dependent on frequency. Indeed, [23] reports that total blocking losses are much lower than what would be expected from (frequency-dependent) knife-edge diffraction, which indirectly indicates that coverage behind blocking objects is provided mainly by more frequency-independent reflections. It is still believed that a diffraction-based blocking model is appropriate as long as it is combined with multipath modelling in which only some of the propagation paths would be blocked. In that case it can be expected that the transitions from non-blocked to blocked state for those specific paths that are affected will increase in speed and depth with frequency, see Figure 4.
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Figure 4 Blocking loss for a single propagation path according to blocking model B in 38.901.
To summarize, the excess loss relative to free space within a factory hall would be expected to be similar at all frequencies except in the case where most or all multipath is blocked in which case the loss is expected to increase with frequency. Also, the loss through internal or external walls or through floors would tend to increase, sometimes dramatically, with increasing frequency.
Based on experiences from outdoor and indoor office measurements (e.g. [64]) it is not expected that the multipath would change appreciably as a function of frequency.

Conclusion
In this contribution we have outlined our initial views on the indoor industrial scenario and the frequency range of interest. Furthermore, we have provided a comprehensive literature survey of propagation measurements in industrial scenarios. To summarize, we propose the following:
[bookmark: _Toc527373052][bookmark: _Toc527474721][bookmark: _Toc527475352][bookmark: _Toc527475427][bookmark: _Toc527539357][bookmark: _Toc528149317][bookmark: _Toc528160252][bookmark: _Toc528160373][bookmark: _Toc528250489][bookmark: _Toc528334343][bookmark: _Toc528334412][bookmark: _Toc528570617][bookmark: _Toc528571660][bookmark: _Toc528572031][bookmark: _Toc528581629]The industrial indoor scenario description and modelling should be sufficiently generic and non-site-specific to allow efficient simulations and statistically stable simulation results. However, to capture the important impact of metallic clutter we propose to use explicit blocking modeling with a predefined density of the blockers.
[bookmark: _GoBack]The model should target a wide frequency range, e.g. 0.5-100 GHz, to support future frequency ranges in 3GPP and potential deployments. 
The literature review in section 2.3 and the observations from this should be taken into account in the formulation of a channel model for the indoor industrial scenario.
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