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1
Introduction

This document is intended to capture input from companies on the following email discussion:

[FS_IIIOT_CM-02] Measurements and observations
•
Collect input on measurements and observations – until 2018-12-14

•
Summarize the views and prepare a way forward – until 2018-12-21
2
Scope

In this email discussion, companies are invited to reference previously published, recent, ongoing, or upcoming measurement campaigns characterizing the propagation channel in industrial scenarios, so that a comprehensive listing of the available data can be compiled to support future work in the SI on Channel Modeling for Indoor Industrial Scenarios  [1]. Additionally, high-level observations or model proposals resulting from these measurements are invited. 

3
Email discussion topics

3.1
List of measurements
	Reference
	Source
	Type
	Frequency
	Parameters

	R1-1810659
	Nokia, Nokia Shanghai Bell
	Measurements in factory hall
	3.5 GHz, 28 GHz
	LOS and NLOS path loss

	R1-1812894
	CMCC
	Measurements in automobile welding workshop
	1.1 GHz, 2.55 GHz, 5.8 GHz
	LOS/NLOS path loss exponents, delay spread, Doppler spread, noise power

	R1-1813129
	Ericsson
	Literature review
	0.9-70 GHz
	Path loss, shadowing, fast fading, angular and delay spread, polarization

	R1-1813177
	Nokia, Nokia Shanghai Bell
	Measurements in open and densely cluttered factory halls
	3.5 GHz
	Path loss vs gNB height and UE height, 

	R1-1813337
	NTT DOCOMO, INC.
	Measurements in lab area
	3.35 GHz, 8.45 GHz, 27.89 GHz
	LOS and NLOS path loss

	R1-1813453
	Qualcomm Incorporated
	Literature review
	0.9-5.2 GHz
	Path loss, shadowing, temporal fading, delay spread

	R1-1813680
	Huawei, HiSilicon
	Literature review
	25 MHz-5.2 GHz
	Path loss, noise characteristics, small.scale fading and multipath characteristics

	Reicovair Final Report, partly included in 5G-ACIA WI 018 Report (Tdoc planned for Athens)
	Fraunhofer
	Measurements in live factory halls and parameterization of Quadriga channel model
	2.45 GHz (50 MHz bandwidth), 

5.3 GHz (100 MHz bandwidth)
	Path loss, delay spread, K-factor, ASA, ZSA, XPR for LOS and NLOS

	https://ieeexplore.ieee.org/document/7228166 

ANR project MoreOVer + paper EucAP 2019
	CEA-LETI, France
	Measurements in nuclear plant

Measurements in machinery room
	855-965 MHz  2-2.8 GHz

2-6 GHz
	Path loss, large scale parameters,  multipath and cluster characteristics

Path loss, large scale parameters,  multipath and cluster characteristics (double-directional

	
	
	
	
	


Please check the existing entries in the table above (based on tdocs submitted to RAN1#95) and add new items as appropriate.
3.2
Important observations from measurements
Please keep the observations and proposals on a high level to support reaching consensus on the modelling approach. Specific parameter values and model details will be discussed at a later stage. 
3.2.1
Path loss and shadow fading
	Company
	Observations
	Proposals

	Ericsson
	· Similar path loss behavior among many published references despite variations in size and level of clutter
· LOS path loss commonly lower than free space due to wave guiding

· In NLOS, the excess loss is typically 2-20 dB within the same hall, while up to 15-30 dB between halls or floors

	· Use a single (LOS) path loss model
· Use explicit blocking model B with various blocker densities to represent scenarios with different levels of clutter

	NTT DOCOMO
	
	We prefer path loss model for LOS and NLOS are also available.

	Fraunhofer
	· Path loss in LOS is similar to office indoor environment,

· A difference to the existing Indoor-Office model is behavior of the received power under non-LOS conditions at long distances from the transmitter. Due to multiple reflections at metallic surfaces, the received power in the industrial environment is higher in comparison to what is observed in an office area. Therefore, the coverage area of a cell is higher compared to an Indoor-Office environment.
	

	Nokia
	· LOS exponents close to 2.

· NLOS exponents typically close to 3.2 with clutter-embedded antennas.

· Lower NLOS exponents with clearly elevated gNBs (i.e. close to 2.5) – further empirical evidence is still needed.

* OBS: one should be careful when analyzing the literature as normally path loss exponents are not given according to the same reference (floating points vs fixed reference at a given distance, different reference distances, etc.). 

· Dense factory scenarios with large machineries with regular reflective surfaces present more waveguiding in LOS and more shadowing in NLOS than scenarios with sparser and irregularly-shaped machinery. 

· Similar path loss exponents observed for different frequency bands over the same scenario. 
	· Model LOS and NLOS path los and shadow fading independently. 

· NLOS path loss exponent depends on the type of clutter.

· Apply a simple free space frequency scaling to incorporate frequency dependence.

	ZTE
	· Path loss model is BS height/position dependant  and Rx position dependent;

· LOS path loss may lower than free space loss;
· The Rx energy in NLOS state mainly come from reflection rays and diffraction rays but rarely from penetration rays due to most of components in testing scenarios being composed of  metallic materials;
	· The industry indoor scenario of 5G-ACIA with 3D extension is taken as a baseline for IIOT channel model.
· Sub-scenarios are suggested considering the structure and deployment of the sub-area, i.e. production area, storage area, assembly area and commissioning area.
· Different parameters of path loss model are used in each sub-scenario

	CMCC
	· Higher propagation exponents are observed from the measurements, more data and analysis are needed. 


	· LOS and NLOS pathloss model could be the starting point.
· Considering the different usages of the sensor or controllers, diverse locations of user terminals should be considered, such inside and outside the machineries 

	CEA
	· Typically 1.5-2 in LOS

· Larger than 2 in NLOS and up to 5.7 in strong NLOS for nuclear plant in the S-Band
	· Model LOS and NLOS path loss and shadow fading independently.  Consider sub-scenarios

	Huawei
	· The reported measured path-loss parameters show significant variations with the environment, frequency, and link configuration. It is difficult make conclusions due to the variety of the results and assumptions.
	· Perform complementary measurements in various industrial facilities with different frequencies and link configurations.


3.2.2
LOS probability

	Company
	Observations
	Proposals

	Ericsson
	· Due to strong specular reflections, the distinction of LOS and NLOS may be less precise than in other scenarios
· No results on LOS probability functions found in published references
	· Use explicit blocking model rather than stochastic LOS probability to capture impact of clutter such as equipment, machinery, shelves, etc

	NTT DOCOMO
	
	We prefer stochastic LOS probability model is also available.


	Fraunhofer
	The correlation of the LOS probability is meaningful for positioning applications.
	The correlation of the LOS probability for different links (multiple TRPs, dense deployments) should be studied. 

	Nokia
	LOS probability is dependent on the size of the scenario and the average size/height of the machinery.
	Use statistical models, accounting for both density and type of clutter scenario.

	ZTE
	· LOS probability is a pure geometric statistics.
· LOS/NLOS state not only distinguishes the path loss models but also impacts the fast fading parameters.
· LOS probability is sub- scenario dependent.
· LOS probability is BS height dependent as well as UE height dependent.
	· Use the similar LOS probability model (from 38.901) for IIOT scenario but with different parameters for different sub-scenarios and consider UE and BS height dependent.

	Huawei
	· LOS probability depends on the factory layout/sub-scenario, antenna height, and machinery (robots, production lines etc.).
	· LOS probability models are needed for each factory type.


3.2.3
O2I penetration loss

	Company
	Observations
	Proposals

	Nokia
	· Industrial scenarios present mainly exterior structures composed of metal and reinforced concrete. 

· some factory buildings have large windows near ceiling to allow natural light, which also provide opportunity for interference signals from nearby macro sites to go through.
	· Rely on the values from the ITU-R Rec. P.2109 for thermally-efficient buildings.

· The interference through windows could be modelled using diffuse theory based on the frequency and size of windows.

	
	
	

	
	
	


3.2.4
Delay spread and distribution of clusters in delay (e.g. exponential, etc)
	Company
	Observations
	Proposals

	Ericsson
	· Many measurements available in the literature. Delay spread appears to be correlated to hall size, with increasing delay spread for larger halls, due to multiple reflections and reverberation
· Room electromagnetics theory may suggest that an exponential power decay is suitable
	· Introduce the volume of the hall as a parameter in the delay spread modeling

	Fraunhofer
	· We assume the same distribution as in InH. Our measurements reveal significantly longer DSs as compared to InH (more than 4 times longer).
	

	Nokia
	Agree with the above [editor’s note: refers to Ericsson input]. Similar delay spread expected for mmwave frequencies as compared to sub-6GHz bands.
	

	ZTE
	· Larger Delay spread observed in industry workshop due to multi-reflection by metallic parts;
· Exponential power decay is still suitable.
· Absolute delay is needed to facilitate positioning evaluation, i.e. TOA based approach.

	· An additional IIOT-indoor scenario with specific fast fading parameters shall be added
· Absolute delay shall be explicitly distinguished for both LOS and NLOS rays.

	CMCC
	Delay spreads and distributions of clusters may not be the same as the office scenarios
	More data and analysis should be collected 

	CEA-LETI
	· Delay spreads up to 58 ns. Extended S.V. model still useful


	· Consider DMC

	Huawei
	· Delay spreads are generally longer in factories than in office environments. Metallic ceiling, metallic walls, metallic columns, large amounts of metallic objects, robots, metallic shelves and frames, etc., cause lots of reflections and “rich scattering”, i.e. the number of multipath components will be high.
	· Measurements for delay spread, distribution of paths/clusters, number of paths/clusters, etc., are needed for each scenario of interest.


3.2.5
Angular spreads and distribution of clusters in angle (e.g. Laplacian, Gaussian, …)

	Company
	Observations
	Proposals

	Ericsson
	· Few measurements available in the literature. Indications that the angular spreads are lower than for InH
	

	Fraunhofer
	· We assume the same distribution as used for InH

· ASA in LOS is slightly higher and in the same range in NLOS

· ZSA are slightly lower in LOS and NLOS 
	

	Nokia
	Measurement at 28GHz indicates that angular spread at indoor factory is more significant than indoor office.
	

	ZTE
	· Angular spread is BS height dependent as well as UE height dependent.
	

	CMCC
	
	More data should be collected. The angular spreads and distributions may be different due to abundant metallic items in the IIOT scenario.

	CEA-LETI
	· Typically Laplacian and Gaussian. LOS cluster angular spread  typ. 10°-15°, NLOS cluster angular spread up to 30°
	

	Huawei
	· Angular spreads and distribution of angles (PAS) are impacted by the rich scattering due to metallic ceiling, metallic walls, metallic columns, large amounts of metallic objects, robots, metallic shelves and frames, etc.
	Measurements for angle spread, distribution of paths/clusters (composite PAS, per-cluster PAS), number of paths/clusters, etc., are needed for each scenario of interest


3.2.6
Spatial and temporal multipath fading, Doppler spreads, K-factor, etc

	Company
	Observations
	Proposals

	Ericsson
	· Rich multipath in NLOS, significant Rice fading in LOS
· For stationary UEs, received power can be very stationary for long times, interrupted by rapid changes to a different state
	· Consider using the explicit blocking model if impact of stationary UEs and movement of the environment should be modeled

	Fraunhofer
	· The measured K-factor is 10 dB lower as compared to InH LOS. The decorrelation distance appears to be much greater.
	Spatially consistent transitions between LOS and NLOS states, which are not yet part of channel modelling, are proposed to be discussed and considered (relevant at least for positioning).

	Nokia
	Ricean fast fading in LOS and Rayleigh in NLOS.
	

	ZTE
	· For stationary UEs, time-varying Doppler shift is observed due to the reflector movement, e.g. AGV or robot manipulator operation.
	· Time-varying Doppler shift due to reflector movement shall be reflected in IIOT channel model. 

	CMCC
	The behavior of the user terminals should be considered, such as the cases that sensors are placed on or within the machinal arms. Specific doppler power spectrum could be observed.
	Modeling the doppler power spectrum according to the behaviors of the machineries, such as mechanical arms.

	CEA-LETI
	· Rich multipath even in LOS K-factor is small

· 0 centred Doppler for double-mobility 
	· 


3.2.7
Polarization, XPR

	Company
	Observations
	Proposals

	Ericsson
	· Similar XPRs observed in measurements as in e.g. the InH model
	

	Fraunhofer
	· Mean XPR appears to be around 2-3 dB higher. The STD seems to be lower in both LOS and NLOS
	

	
	
	


3.2.8
Multipath components: number of clusters and MPCs, intra-cluster spreads

	Company
	Observations
	Proposals

	Fraunhofer
	Remark on channel modeling for positioning (see 3.2.12): 
For communication, the focus has been on modelling relative delays while for positioning the absolute delay (depending on absolute distance between gNB and UE) is a relevant parameter. For positioning, especially the relationship between the geometrical distance (UE <-> gNB) and the propagation delay of the first arriving clusters is of interest both under LOS and NLOS conditions and needs careful modelling. (Note: Depending on the time resolution of TOA positioning schemes, properties of first arriving clusters are the main influencing factor of the TOA estimation error, both under LOS and NLOS conditions.)
	

	ZTE
	· Birth-death of clusters is observed when UE moving in a workshop;
· For stationary UEs, birth-death of clusters is observed as well due to the movement of AGV, robot manipulators or crane
	· Birth-death or random cluster may be considered as additional features.

	CMCC
	
	The cluster numbers and distributions wihtin the IIOT scenarios shoud be studied.

	CEA-LETI
	· Up to 15 clusters. Intra-cluster DS varying according to the scenario
	Model LOS and NLOS p independently.  Consider sub-scenarios

	Huawei
	· The number of multipath components is high due to the metallic environment.
	· Measurements for number of paths/clusters are needed for each scenario of interest.

	
	
	


3.2.9
Blocking

	Company
	Observations
	Proposals

	Ericsson
	· Published results on shadowing losses caused by blocking by typical clutter and pieces of equipment is in the range 2-20 dB within a factory hall. Losses are limited by multipath propagation and specular reflections which provide coverage behind blocking objects. 

· The levels appear consistent with the blocking loss predicted by explicit blocking model B. 
	· Use explicit blocking model B with various blocker densities to represent scenarios with different levels of clutter

	Nokia
	Blocking modeling can be tricky. It is difficult to separate blocking and shadow fading effects from each other, especially from empirical data, unless specifically measured.
	No preferred approach, only been careful not to overestimate the loss by accounting for specific blockage.

	ZTE
	· Blocker random spread over the workshop may be predicted explicitly by blocking model B. 
	· Blockage Model B can be used to explicitly to model random blockers.

	CMCC
	
	The blocking behavior should be modelled, since the blockage of the machineries is so common in the IIOT scenarios.

	CEA-LETI
	· Blockage data  from human body in the V and E band 
	· Blocking model from Ericsoon (mmMAGIC) could be applied

	Huawei
	· The blockage by metal objects such as robots, production lines, metallic shelves and frames, may be severe especially at higher frequencies. The blockage can be static (shelves, frames) or dynamic (human body, robots). 
	· Confirm the blockage model by measurements.


3.2.10
Dual mobility

	Company
	Observations
	Proposals

	Fraunhofer
	The Quadriga channel model will offer a dual-mobility feature, although appropriate measurements still need to be evaluated for validation.
	

	ZTE
	· Dual mobility is observed due to the movement of Rx and the components in workshop, i.e. robot manipulators or AGV etc.
	· Time-varying Doppler shift due to dual mobility shall be investigated.

	CEA-LETI
	· Dual mobility available for indoor scenario with pedestrian mobility 
	· New doppler model available (https://ieeexplore.ieee.org/document/7928150 )

	Huawei
	· Dual mobility (both Tx & Rx are moving simultaneously) is important modeling aspect, as well as the moving blockage objects. The findings from the NR V2V study might be useful, but the mobility scenario is obviously different.
	· The impact of the dynamic scenario on Doppler, fading rate, and spatial consistency (correlation distance) should be studied.


3.2.11
Noise characteristics
	Company
	Observations
	Proposals

	CMCC
	Strong noise power could be observed around 300MHz-900MHz at the locations near arc welding machines.
	Specific noise power spectrum or distribution should be modelled according to the diverse kinds of manufacturing procedure or usage of the workshop

	Huawei
	Electric machinery (such as electric motors, welding processes, rectifiers, power lines and switching devices) in indoor industrial scenarios may lead to potential electromagnetic interference.
	The noise characteristics in factory environment needs further study.

	
	
	


3.2.12
Additional observations that could impact modelling approaches

	Company
	Observations
	Proposals

	Ericsson
	· No obvious trends vs frequency are observed, even at 70 GHz the measurement results are similar in nature as at lower bands
	· Use a common modeling approach for all bands, possibly with frequency-dependent parameters if this is motivated by further comparative measurements

	Fraunhofer
	Recent discussions (i.e. within the NR Positioning SI) have shown that channel models being employed to investigate positioning performance have not been validated for that purpose.
	The channel modelling procedure as described in TR 38.901 should be reviewed w.r.t. to positioning. 

	Nokia
	We agree with the above. [editor’s note: refers to Ericsson input]
	

	ZTE
	· The size of workshop/BS height/Rx height/sub area layout and frequency band are crucial influence factors for IIOT channel model
· The stochastic modelling parameters could be different for different sub-areas in IIOT scenario, resulting into different sub-scenarios. Even if these different sub-scenarios are eventually determined to share the same modelling parameters, the different layouts in different sub-areas could still yield different channel effects, which can be properly modelled by TR38.901 with only map-based hybrid method.  
	Map-based hybrid channel model remains as an alternative modeling approach for the IIOT scenario,  with the stochastic parameters updated accordingly.

	Huawei
	· In industrial scenarios, there is heterogeneous topology case that involves un-isolated areas / plants with potentially different propagation characteristics.
It is worthwhile to consider whether to capture the heterogeneous topology or homogeneous topology in channel modelling study, or both.

· Absolute Tx-Rx delay of the first path is critical for positioning studies. The first path delay is normalized to zero in most of the existing standardized models. Therefore, the first path delay (and possibly angle as well) modelling is needed as a new feature. This is straightforward for LOS case, but complicated for NLOS. 
	Proposal 1: It is worthwhile to consider whether to capture the heterogeneous topology or homogeneous topology in channel modeling study, or both

Proposal 2: Study and specify the key characteristic differences between new industrial propagation scenario and 3GPP InH model.

Proposal 3: Consider the variety of indoor factory scenario, study and specify the scenario classification.
Proposal 4: Study the absolute delay characteristics for NLOS channel.


4
Way forward
The following proposals have reached consensus among the channel model experts on the 3GPP_TSG_RAN_WG1_CHANNELMODEL@LIST.ETSI.ORG reflector. 

Proposal 1: Path loss, shadow fading, and LOS/NLOS modelling

Option 1: LOS state is stochastically determined using a LOS probability function dependent on distance, [tx and rx height, clutter height, clutter density, subarea, time, …]. 

· Separate path loss and shadow fading models are used for LOS and NLOS

· The correlation of LOS probability for different links TBD

· Spatial consistent transitions between LOS and NLOS states to be further studied

Proposal 2: Absolute time of arrival of multipath components in LOS and NLOS is added as an additional modeling component
Note: This modeling component is provided to support simulations in which absolute time of arrival is important (e.g., ToA based positioning)
Proposal 3: Doppler due to moving clutter or dual mobility is added as an optional feature in the model
Note: the channel coefficient equations will need to be updated for these cases
Conclusion

This document summarizes the following email discussion:

[FS_IIIOT_CM-02] Measurements and observations
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