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1	Introduction
This document is intended to capture input from companies on the following email discussion:
[FS_IIIOT_CM-09] Additional modeling components
· Collect company input on additional modeling components – until March 14, 2019
· Agree on way forward – until March 25, 2019

[bookmark: _Ref178064866]2	Scope
This discussion is a follow-up of the previous email discussion [FS_IIIOT_CM-02] Measurements and observations which was summarized in [1]. Of particular relevance to the present email discussion are the following agreed proposals:

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

In this new email discussion, companies are invited to provide further views on the additional modeling components needed for evaluations in indoor industrial scenarios.
3	Email discussion topics

3.1	Blocking
	Company
	Observations
	Proposals

	Ericsson
	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.
	· Define one or more sets of recommended blocking parameters for objects found in an indoor industrial setting, such as industrial robots or AGVs

	Qualcomm
	Given the prevalence of blocking objects in industrial environments, good modeling of blockage is paramount. We agree that geometric-based Blockage model B of 38.901 would be more appropriate. However, given that we may have different sub-scenarios, with some of them based on the heterogenous option, the blocking parameters would need to be correspondingly specified. Further, we need to insure that shadowing and blocking model non-dependent aspects.
	· Consider defining blocking parameters consistent with the scenario description, e.g., different sub-regions of a heterogeneous scenario having different sets of parameters.
Shadowing and blocking should account for non-dependent aspects.

	ZTE
	Blockage model B of 38.901 can be utilized to simulate the blockers, e.g. machine, robots or vehicles in an IIOT factory scenario.
	The parameters of typical objects, e.g. robots, AGV etc, can be added in Table 7.6.4.2-5 in TR38.901 for Blockage model B to facilitate the simulation in IIOT scenario.

	CMCC, BUPT
	Observation 4: 
The additional path loss should be treated according to the density of the obstructers. 

Observation 5: 
In dense obstructed situation, the average additional / blockage loss could be around 7 dB. In a relative sparse obstructed situation, the average additional / blockage loss could be around 3 dB.
	Proposal 3: The additional loss could be treated according to the density of the obstructers.



3.2	Absolute time of arrival
	Company
	Observations
	Proposals

	Ericsson
	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.
	· 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

	ZTE
	[Ref. R1-1902115]

For LOS ray, an additional  can be added to all MPCs(main power cluster) to derive absolute delays.


For NLOS rays, an additional delay and virtual LOS delay   can be utilized to derive absolute delays:


The min delay for each cluster shall be limited according to Pn and PL.
The log of the delay of the first detectable cluster/ray follows the linear function with respect to PL with a log-normal deviation. 


 with a lognormal standard deviation ;
	Kp= -0.059, based on ray tracing simulation;
Cp= -9.78, based on ray tracing simulation;


where  and  is the carrier frequency in MHz.

is calculated including both path loss and shadowing;
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	CATT
	In the NLOS model in TR38.901, the propagation delay and the angular information for each NLOS cluster are generated separately without considering the relationship among them, and thus it is not suitable for the evaluation of the positioning performance under NLOS environment.
	· Pair arrival path and departure path according to single refection point. 
Match the propagation delay with angular information for NLOS path.

	Huawei
	TR38.901 has not been designed for positioning studies. The delay of the first path (cluster) is normalized to zero. In the line-of-sight (LOS) case, the propagation delay can be calculated from the distance between the transmitter (Tx) and receiver (Rx). However, in the non-line-of-sight (NLOS) case, the propagation delay is usually longer than that calculated from the distance. Another problem with the TR38.901 is that the angle-of-arrival (AoA) and angle-of-departure (AoD) are randomly coupled, and they do not necessarily reflect the geometry. This topic is discussed in R1-1901241.
	Proposal 1: Additional propagation delay needs to be modelled in NLOS case.
Proposal 2: Additional propagation delay should be modelled stochastically.
Proposal 3: The distribution of additional propagation delay should be agreed.
Proposal 4: The following model of propagation delay could be considered for IIOT positioning. Other stochastic models are not precluded.
LOS:  
LOS = d / c
where 
d is the distance between transmitter and receiver [m], and
c is the velocity of light [m/s]

NLOS:
NLOS = LOS + LOS·(Y)
where  
	Y is a random variable with a probability distribution function of

where
	x is a scenario dependent scaling parameter.
The expectation value of Y is 1/ x. The parameter values are shown in table below.
	Environment
	Expectation (1/x).
	x

	Large factory
	FSS
	FSS

	Small factory
	[0.20]
	[5.0]







3.3	Dual mobility
	Company
	Observations
	Proposals

	Huawei
	In IIOT, both Tx and Rx may be moving. They will affect the Doppler spread. Additionally, the clutter (robots, production lines, production items, etc.) may be mobile as well. These will affect to the per-cluster Doppler. Both should be modelled.
	Dual mobility is modeled as follows with the parameters defined in:
-	Doppler for the LOS path:
, 


-	Doppler for the delayed paths (per-cluster Doppler due to the moving scatterers):

where  is a random variable with uniform distribution from  to ,   is the maximum speed of the scatterer in the layout,  () is a random variable with uniform distribution, and is a binary random variable.

	
	
	

	
	
	



3.4	Sources of EM interference
	Company
	Observations
	Proposals

	Ericsson
	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.
	· 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

	ZTE
	EM interference is related to both signal interference source and radio channel, where radio channel can be modeled by similar approach as BS-UE with particular Tx-Rx positions and the signal interference source should be handled in RAN4. 
	Radio channel can be modeled by similar approach as BS-UE with particular Tx-Rx positions.

	
	
	



3.5	Other aspects of additional modelling components
	Company
	Observations
	Proposals

	Ericsson
	The spatial consistency framework in 38.901 should be applicable also for the indoor industrial scenario. However, this requires the specification of certain correlation distance parameters, e.g. those for the cluster and ray-specific random parameters as given for other scenarios in Table 7.6.3.1-2
	· Define a correlation distance for the cluster and ray-specific random parameters to complete Table 7.6.3.1-2 for the indoor industrial scenario. If no new measurement result can be used, then assume the same correlation distance as for the InH scenario. 

	Qualcomm
	One of the key requirements in many industrial use-cases is of precise positioning, e.g., in motion planning of robotic arms/AGVs, locating assets in warehouses, etc. As discussed in detail in R1-1903023, some of the spatial-consistency procedures described in TR 38.901, e.g., Procedure A in Section 7.6.3.2, would require refinements to enable precise positioning.
	Consider refinements to the spatially-consistent mobility modeling procedures in TR 38.901, e.g., Procedure A in section 7.6.3.2, to enable more accurate channel modeling for positioning.

	ZTE
	Absolute delay in spatial consistency Procedure A may be updated once absolute time of arrival model in IIOT scenario is stable
	Absolute delay in spatial consistency Procedure A may be updated once absolute time of arrival model in IIOT scenario is stable.



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: The blocking model in 38.901 may be adapted for industrial scenarios
· Derive new model parameters for Blocking models A and B to represent industrial objects (AGVs, robots)
· Companies are encouraged to provide parameters
· The resulting blocking loss should be checked against measurements
· FFS to understand the combination of shadow fading and blocking model 

Proposal 2: Add an additional delay 0 for absolute time of arrival modeling
· In LOS, 0 = d3D/c
· In NLOS, 0 = d3D/c +  
· FFS on how to model , e.g. by random or deterministic procedure

Proposal 3: Adapt the dual mobility modeling of 37.885 for industrial scenarios, details FFS
· Note: Random Doppler of moving scatterers may be different in the industrial scenario than in V2x

Proposal 4: Model the channel between the EM interferer and BS or UE using the same channel model as for the BS-UE links
· Note: The interfering equipment may not necessarily be a point source
· Note: Characterization of the EM interference source is out of the scope of the present SI, and other groups (e.g. RAN4) may be more competent to handle such work

Proposal 5: Revisit spatial consistency procedures when the fast fading model is stable
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