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1
Introduction

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

[FS_IIIOT_CM-03] Scenario description
•
Collect company views on the description of the scenario – 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 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 [2] may be used as one of the references for this discussion. The purpose of this email discussion is to support the convergence on an environment description at a suitable abstraction level in the TR 38.901. Furthermore, the discussion 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.

3
Current inputs for the scenario description
A number of tdoc contributions were submitted under agenda item 7.2.11 in RAN1#95, see Table 1. 

Table 1. Contributions to RAN1#95

	TDoc
	Title
	Source

	R1-1813129
	Views on scenario description, frequency bands of interest, and existing literature on channel measurements for the indoor industrial scenario
	Ericsson

	R1-1812683
	Consideration on channel model for industrial factory environment
	Huawei, HiSilicon

	R1-1812699
	IIOT channel modeling for industrial indoor scenario
	ZTE, Sanechips

	R1-1812894
	Discussions on Indoor Industrial Scenario Channel Model
	CMCC

	R1-1813177
	Scenarios, Frequencies and New Field Measurement Results from two Operational Factory Halls at 3.5 GHz for various Antenna Configurations
	Nokia, Nokia Shanghai Bell

	R1-1813337
	On accuracy of InH path loss model of 38.901 for factory scenario
	NTT DOCOMO, INC.

	R1-1813453
	Indoor Industrial Channel Model
	Qualcomm Incorporated


In the LS from 5G-ACIA [2] and in several of the contributions to RAN1#95, general characteristics of the indoor industrial scenario are identified. It is pointed out by several sources that the indoor industrial scenario differs from the InH scenario in terms of the size, materials, level of clutter, and heterogeneity between different areas within an industrial hall. 
Furthermore, in the ongoing URLLC SI in RAN1, simulation assumptions (including layout and BS deployment and UE dropping) for evaluating factory automation have been agreed, see clause A2.2 in TR 38.824 [3]. For these evaluations, a homogeneous layout is adopted as the baseline, though companies may modify the UE height and the channel model. These assumptions may also be considered as input to the scenario. 
4
Email discussion topics

4.1
General views
Please provide your high-level views on the scenario, including the layout and deployment. Consider whether a single scenario is sufficient or if multiple scenarios (e.g. like UMa, UMi) or multiple sub-scenarios (e.g. similar to Indoor open office vs Indoor mixed office) are needed. Also, give your views on whether the existing InH scenario can be reused or if a new scenario needs to be created.
	Company
	Views

	Ericsson
	First of all, we believe that the indoor industrial scenario is sufficiently different from the indoor office scenario to motivate the creation of a new scenario in 38.901. These differences include the size and height of the factory hall and the abundance and spatial distribution of metallic objects and surfaces which is quite different from an office scenario. 

Furthermore, there appears to be quite significant differences between e.g. the level of clutter in different areas within a single industrial facility. However, commonly used evaluation procedures (e.g. system simulations) may not be suited to a very inhomogeneous scenario since e.g. the results can become quite sensitive to the random UE dropping. Therefore, we prefer to specify a generic and homogeneous scenario as a baseline, e.g. similar to the layout and deployment agreed for factory automation in 38.824. To cover the variations observed in different parts of an industrial hall or between different such halls and to cater for different kinds of deployments, it would be preferable to allow for modifications of this baseline, by making some channel model parameters sensitive to e.g. the clutter density or the antenna heights with respect to the clutter.

	NTT DOCOMO
	Generally fine with Ericsson’s views. Industrial environment must have huge variations, but for the purpose of modelling, generic and homogeneous scenario can be the baseline. On the other hand, we also think measurement results should also be available which could be inhomogeneous environment to create the model.

	Nokia
	We support the above [editor’s note: refers to Ericsson input] statements: homogeneous scenario and definitions of clutter and antenna heights with respect to the clutter. 

As pointed out in our previous contribution (R1-1813177), we have identified that the main propagation dynamics in gNB-to-UE links can be properly modeled by considering 2 types of clutters (1-open production space, or 2-dense factory clutter) and 2 types of deployments (1-gNB and UE antennas embedded or close to the average machinery/clutter height, or 2-clearly elevated gNB antennas). 

It should be noted and considered the fact that literature typically reports studies or measurements done with the second type of deployment (gNB and UE antennas embedded or close to the average machinery/clutter height), while the propagation with clearly elevated gNB antennas configuration remains quite unexplored. As ceiling-mounted gNBs is a typical assumption in URLLC simulations, we strongly believe that this option should be included, properly modeled and validated with measurements.

We would also like to highlight the potential need of considering gNB-to-gNB links as well for TDD interference considerations.    

	ZTE
	The IIOT channel model SI lists LS from 5G-ACIA as key reference, which gives the concerned scenario including several sub-areas. Considering it is 5G-ACIA LS that motivates the SI, we suggest to tightly rely on scenarios described in 5G-ACIA LS to further discuss the scenario used in this SI.

	Qualcomm
	We agree that the layout and deployment described in 38.824 can be used as a starting point. This should be further appended with some of the specific characteristics identified to be more representative of the industrial deployment, e.g., by 5G-ACIA in RP-181521.

	CEA-LETI
	Should include high machine density, metallic environments , strong NLOS and double mobility

	Mitsubishi Electric
	We agree with the starting point. Furthermore, low-speed UEs should be considered in the scenario. Both LoS and NLoS environments should be considered in the model.


4.2
Baseline scenario description

Should there be a baseline scenario description? If so, what should it look like?
	Company
	Views

	Ericsson
	The layout and deployment in 38.824, Table A.2.1-1 can be a good starting point. It could be further enhanced by specifying a baseline clutter density, which, if needed at some future point, could be varied to create additional scenarios.

	NTT DOCOMO
	Ericsson says “The layout and deployment in 38.824, Table A.2.1-1 can be a good starting point”. However, we wonder this seems a mistake since Table A.2.1-1 defines simulation assumptions for urban macro power distribution (smart grid use-case). Correct table would be Table A.2.2-1. Besides, Table A.2.2-1 is the simulation assumptions for 4GHz evaluation and therefore, we consider Table A.2.2-1 and A.2.2-2 as the starting points for 4GHz and mmwave.

	Fraunhofer
	A baseline scenario description would be beneficial for calibration purposes. Furthermore, a baseline scenario that is derived from a real factory hall would have an advantage for model verification purposes.

	Nokia
	The baseline scenario description should consider typical 3GPP simulation parameters such as the reported in the above reference table. 

As per our comments to question 4.1, we believe that clutter type and deployment configuration (gNB and UE heights respect to the average clutter height) should be part of such scenario description.

	ZTE
	The channel model for IIOT scenarios is different from indoor office due to larger size and height with metallic machines, AGVs and robots, etc. 

An 180m*80m*25m area is partitioned into sub-areas with different functionalities, such as sub-areas for production, assembly, storage and etc. 


4.3
Deployment and mobility

What are your views on deployment and mobility?
	Company
	Views

	Ericsson
	The baseline case will likely be stationary elevated BS communicating with UEs on floor level having limited mobility, e.g. 3 km/h. However, some URLLC evaluations may require different variations of this, e.g. completely stationary UEs or dual mobility links. Also, the environment may be either stationary or highly moving (e.g. rapidly rotating machines causing high Doppler). It would be good to keep such applications in mind so that they are not precluded at an early stage. A preferred outcome would be if such test cases could be constructed by enabling some optional features in the channel model. However, it doesn’t seem necessary to include such details in the scenario description at this point. 

	Nokia
	We agree with the above - in our understanding, UEs will be stationary or moving at low speed. At this stage, for mmwave bands, we foresee mainly stationary UEs (i.e. cameras as a sensor). 

Apart from the elevated gNBs used as reference for the scenario in URLCC; deployment scenarios with both gNB and UE antennas embedded in the clutter should be considered (i.e. for future IoT evaluations of D2D mesh networks). 

	ZTE
	1. BS height, BS can be mounted on the ceiling of the workshop or near the machine with a relative low height.

2. UE height, receivers may be mounted on the top AGVs, machines or robots to receive control command and send measurement or state data to control center, so the distribution of UEs may not be limited in a constant height, and a range of UE height is suggested.

3. Clutters, the density of clutters in different functional area is different and both stationary and moving clutters shall be considered.

	Qualcomm
	For realistic modeling, both potential UE mobility and environmental mobility, e.g., AGVs and robotic arms, should be adequately reflected in the scenario description.

	Mitsubishi Electric
	Both low mobility UE (i.e., 3km/hr) and stationary UEs (0 km/hr) should be considered. Use case for high mobility UEs should be discussed. Blockage from machineries (i.e., moving) can also be incorporated in the model.


4.4
Further aspects of the scenario

Are there any further aspects in the scenario that should be highlighted, e.g. considering IIOT/URLLC use cases and evaluations? 

	Company
	Views

	Ericsson
	1. It is observed in R1-1812894 that some equipment such as welding machines can cause strong electromagnetic interference. This may be an important aspect that could challenge fulfilment of URLLC requirements. However, the existence of such equipment may be restricted to very particular types of industries. Therefore, it may be more suitable to consider such aspects in link level simulations or conformance and performance testing of equipment rather than in baseline system level simulations. 
2. The spectrum used for indoor industrial applications may potentially be reused in a macro network, or even local spectrum allocations could be considered. In such cases it might be necessary to evaluate coexistence between the IIOT/URLLC deployment and some external network. The specification of an external wall loss model for the indoor industrial scenario could therefore be considered. 

	NTT DOCOMO
	Agree with Ericsson that re-use of the spectrum in IIOT/URLLC deployment and external networks should be considered.

	Fraunhofer
	External wall loss should be specified for O2I and I2O scenarios for example for use cases considering two adjacent industry halls (non-public networks).

	Nokia
	We support the above [editor’s note: refers to Ericsson input]. With respect to external wall loss, as industrial scenarios present mainly exterior structures composed of metal and reinforced concrete so, probably, no specific modeling is needed. We suggest relying on the values from the ITU-R Rec. P.2109 for thermally-efficient buildings.

On the other hand, 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.  

	CMCC
	The electromagnetic interference is very important and could impact the fulfilment of URLLC/IIOT requirements. The electromagnetic interference is dependent on the use case or scenarios. Different use cases may have diverse interference levels or models. 

Link level and system level simulations are methodologies to evaluate a single link and a multi-cell network performance. Both of them should consider the power of noise, noise rise due to some effect and interference.


5
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: A new Indoor - Industrial scenario (IIoT) is added to TR 38.901
· This scenario can have one or more sub-scenarios where some environment parameters and/or channel model parameters may differ between the sub-scenarios (note: compare InH-open office and InH mixed office in 38.901)
· A sub-scenario is defined by the range of validity of the environment parameters and the channel model parameters
· FFS on the number and details of these sub-scenarios, including homogeneity or heterogeneity of environment parameters and channel model parameters within a sub-scenario
· When possible, the channel model components should cover the range of the environment parameters of the different sub-scenarios
· E.g. a LOS probability model with a functional dependence on the clutter density is preferable to separate LOS probability models for different clutter densities
· For channel model calibration purposes, the sub-scenario description can be complemented with additional simulation assumptions, including:
· BS deployment and user distribution
· Mobility
· Antenna models
· Output powers and noise figures
· etc

Proposal 2: Adopt a sub-scenario according to the table below
· Note: Further sub-scenarios may be adopted if needed

	Parameters
	Sub-scenario 1

	Layout
	Room size
	Rectangular: [FFS, e.g. 5000-20000 m2] 

	
	Ceiling height
	[FFS: e.g. 10-25 m]

	
	External wall type
	[Concrete walls with metal-coated windows]

	Clutter type
	Small to medium metallic machinery and objects

	Clutter density and distribution
	FFS

	Clutter height
	FFS

	BS antenna height [image: image1.png]Frgs




	[clutter-embedded or above clutter]

	UT location
	LOS/NLOS
	LOS and NLOS

	
	Height [image: image2.png]Ty




	[Clutter-embedded]


Proposal 3: The baseline scenario may be extended by any of the following options
· Sources of EM interference: TBD how to specify

· Clutter mobility: TBD how to specify

· Mobile gNBs or D2D communication leading to dual mobility

Conclusion

This document summarizes the following email discussion:

[FS_IIIOT_CM-03] Scenario description
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