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1	Introduction
This document is intended to capture input from companies in the following email discussion:
[96b-NR-08f] Additional modeling components
· Collect company input on scenario description– until April 24, 2019
· Agree on way forward – until May 2, 2019

[bookmark: _Ref178064866]2	Background and scope
In RAN1#96bis, a number of agreements for the indoor industrial channel model SI were reached. The agreements with relevance for the additional modeling components are copied below. In this email discussion, companies are invited to provide further views on the additional modeling components.

Agreements:
· A common modeling methodology for all bands should be adopted, where model parameters can be frequency-dependent
· Note: Some additional model components, such as oxygen absorption or EM interference from machinery, may be applicable only to a subset of frequencies

Agreements:
· 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)
Agreements:
· 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


Agreements:
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


Agreements:
The blocking model in 38.901 may be adapted for industrial scenarios as an additional component
· 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 
Agreements:
Add an additional delay 0 to all cluster delays 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
Agreements:
The Doppler model considering dual mobility shall be based on TR 37.885. The random component due to scatterer mobility is FFS
· Note: Random Doppler of moving scatterers may be different in the industrial scenario than in V2X

Agreements:
Model the channel between the EM interferer(s) and BS or UT using the same channel model(s) as for the BS-UT 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

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




3	Email discussion topics

3.1	Spatial consistency

	Company
	Views
	Proposals

	Ericsson
	There are various methods for ensuring spatial consistency of the channel realizations in TR 38.901 as described in clause 7.6.3. These methods are all applicable to the Indoor industrial scenario. The only thing missing is the specification of some correlation distances in Table 7.6.3.1-2. We propose to specify these values using the InH values as the starting point. 
[image: ]

	· Specify the correlation distances for the Indoor industrial scenario in Table 7.6.3.1-2.
· As a starting point, reuse the values from InH for the cluster and ray specific random variables
· For the autocorrelation distance of the LOS state, use d_clutter, where d_clutter is the typical clutter size/width

	ZTE
	In R1-1904117, the correlation distance is provided according to simulation:
Proposal : The correlation distance of LOS probability is given by
· For BS above the clutter: 20m;
· For BS embedded in clutter: 18m.

	Proposal : The correlation distance of LOS probability is given by
· For BS above the clutter: 20m;
· For BS embedded in clutter: 18m

	Huawei
	The correlation distances in TR38.901 are too long. The new values should be based on measurements.
	

	Qualcomm
	Significant variation in the correlation distance as compared to the InH model has been observed in industrial environments in the literature, e.g., [1]. Hence, updated parameter values, with possible dependence on gNB elevation and/or clutter density, may be warranted. 
[1] E. Tanghe, W. Joseph, L. Verloock, L. Martens, H. Capoen, K. V. Herwegen, and W. Vantomme, “The industrial indoor channel: Large-scale and temporal fading at 900, 2400 and 5200 mhz,” IEEE Trans. Wireless Commun., vol. 7, no. 7, pp. 2740–2751, Jul. 2008.
	

	Nokia
	Correlation distances for spatial consistency should be equal or at least comparable to those of the obstacles producing LOS/NLOS state conditions (i.e. machinery or clutter width/size).  
	



3.2	Blocking

	Company
	Views
	Proposals

	Ericsson
	Blocking model B in 38.901 inherently captures the dynamic transition behavior including any correlations between different links or beams by its physical and geometrical description of the blocker and its impact on the radio channel. This model is parameterized solely through the sizes and positions of the blockers, compare Table 7.6.4.2-5 in TR 38.901. In the indoor industrial scenario, we propose to reuse the recommendation for a human blocker and also add two more types of blockers: AGVs and robotic arms. As there are many types of AGVs and industrial robots the exact dimensions and mobility patterns could be further discussed.
	· For the Indoor industrial scenario, specify the following types of blockers for use with Blocking model B:
· Human – with dimensions and mobility pattern same as for indoor and outdoor scenarios
· AGV – dimensions and mobility pattern FFS
· Industrial robot– dimensions and mobility pattern FFS

	ZTE
	The parameters of new types of blockers in IIOT scenarios shall be added including robots, AGVs or moving trains.
	The parameters of new types of blockers in IIOT scenarios shall be added including robots, AGVs or moving trains.

	Qualcomm
	As discussed in R1-1905037, blockage modeling should be considered mandatory for industrial scenarios. Also, given different tradeoffs involved, Both Model A and Model B should be considered – Both of which would require further evolving.
	· Proposal 1: Given typically high-reliability requirements, as well as likely presence of many blockers, in industrial use-cases, RAN1 should make blockage modeling mandatory for industrial scenarios. 
· Proposal 2: Consider evolving both Model A and Model B of TR 38.901 to include additional aspects of industrial scenarios. In particular, consider multi-TRP aspects for Model A and consider specifying explicit values of the number of blockers and their size distribution in Model B for different industrial sub-scenarios.

	Nokia
	We acknowledge the fact that an updated version of both blockage models A and B is necessary, but we believe that, in any case, the blockage model should be kept as an optional feature. 
We consider that, unless it is empirically validated for the entire frequency range, the combination of shadow fading and blocking model could result in an undesired overestimation of the losses.
	· Keep blockage model as optional, as it is currently done in TR 38.901.



3.3	Dual mobility

	Company
	Views
	Proposals

	Ericsson
	In the dual mobility model in TR 37.885, the Doppler for the delayed paths in the channel contain three terms, two which are due to the movement of the Tx and Rx, and a third which is intended to capture the mobility of the scatterers. In an indoor industrial scenario it can be expected that the majority of the scattering surfaces such as walls, floors, ceiling, shelves, equipment, etc is stationary. Mobile scatterers can be AGVs, cranes, conveyor belts, etc which would result in small to moderate Doppler shifts, and rapidly moving or rotating machinery which may possibly cause very high Doppler shifts. Clearly, the distribution of these Doppler shifts can be very different than in a V2X scenario. 
To account for the fact that most scatterers are stationary, the random variable  should be 0 for most combinations of n and m but could be 1 with some low probability. 
	· Model the random variable  as 1 with probability p and 0 with probability (1-p)
· Value of p and of  may be simulation assumptions

	Huawei
	For IIOT, dual mobility should be modeled as follows:
-	Doppler for the LOS path:
	[image: ], 
	[image: ]
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-	Doppler for the delayed paths:
	
where  is a random variable with uniform distribution from  to ,   is the maximum speed of the  clutter. The distributions of and  should be FFS.
	Use the equation described on the left column. Further discuss the distribution of random variables.

	
	
	



3.4	Absolute time of arrival

	Company
	Views
	Proposals

	Ericsson
	In the email discussion two types of methods for determining the absolute delay in NLOS were proposed: 
•	A method where the additional delay  is stochastically generated according to some distribution
•	A method where the stochastically generated AoDs and AoAs are coupled and used to derive a propagation path length assuming single-bounce paths
The AoD and AoA distributions are usually determined through fitting of aggregate measures from measurements like angular spread, cluster angular spread, power-angle spectra etc. This process does not require any assumption on single- or multiple-bounce paths. There is therefore a risk that the distributions and realizations of AoDs and AoAs, when forced to correspond to single-bounce, could end up differently than what they look in measurements. For this and also for complexity reasons, we are more in favour of a stochastic modelling of , where measurements or ray-tracing could be used as the basis to determine a suitable distribution. Note however that for positioning studies, also the inter-link correlations of the LOS state and of  may be important.
	· [bookmark: _Toc4770011][bookmark: _Hlk7194226]Use a random distribution to model in NLOS conditions
· [bookmark: _Toc4770012]FFS on the need for modelling inter-link correlations for the LOS/NLOS state and for 


	ZTE
	In R1-1904118,
Absolute time of arrival model in LOS state



In LOS condition, the absolute time of arrivals for cluster n is generated based on relative delay  and time delay  between transmitter and receiver:

                                                           (3-1)
Where


	, is the 3D LOS distance[m] from transmitter to receiver, c = 3.0108 m/s is the light velocity in free space. 
Absolute time of arrival model in NLOS state




In NLOS condition, the absolute time of arrival  for cluster n is generated based on relative delay , time delay  of vLOS ray between transmitter and receiver and :


Where

	follows a normal distribution with the configuration in Table 3-1 according to the sub scenario type.
Table 3-1 Configuration for each sub scenario
	　
	Unit: log(MinNLosdelay/1s)

	sub scenario
	ulog(MinNLosDelay)
	σlog(MinNLosDelay)

	IIOT-B-X
	-7.47
	0.63

	IIOT-A-X
	-8.43
	0.81

	Note: X = {H,L,M}





, is the 3D LOS distance[m] from transmitter to receiver, c = 3.0108 m/s is the light velocity in free space;

 for n=1,…,N for the purpose of limiting the maximum value of absolute delay considering free space path loss and light travelling distance; N is the number of clusters;


 for n=1,…,N andis the cluster power generated in section 7.5 or section 7.6.5 in TR38.901. 

is calculated including both path loss and shadowing.

	1: Generate the absolute time of arrival for each cluster according to the delay of the first detectable cluster/ray.

2: follows a normal distribution with the configuration in Table 3-1 according to the sub scenario type;

3: Limit the min delay for each cluster according toand PL.


	Huawei
	Additional NLOS propagation delay should be modeled stochastically. The following model of propagation delay could be adopted in the positioning study. 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.
Parameter Values for Additional NLOS Delay.
	Environment
	Expectation (1/x).
	x

	Sub-scenario 1
	[0.20]
	[5.0]

	Sub-scenario 2
	[0.50]
	[2.0]

	Etc.
	
	



	Additional propagation delay needs to be modelled in NLOS case, and the model should be stochastic.
The distribution of additional propagation delay should be agreed, e.g. based on the equation shown in the left column.


	NTT DOCOMO
	Absolute time of arrival of first wave of NLOS environment can be considered as 
		                                                                                                                           (1)
 is absolute time of arrival of first wave (s), d3D is 3D distance between BS and MS (m), c is speed of light (m/s) and  is additional delay (s). To model ,  and are obtained from measurement and the distribution of  is studied. Figure 3 and Fig. 4 shows CDF and histogram of  respectively. From our measurement results, the distribution can be approximated as Gaussian distribution. And median is 55 (ns) and standard deviation is 28 (ns). 
Observation: Additional delay  can be approximated as Gaussian distribution.
	Absolute time of arrival in NLOS environment is given by
                                                                                                                                               (2a)
                                                                                                                                        (2b)
                                                                                                             (2c)
d3D is 3D distance between BS and MS (m), c is speed of light (m/s) and  is additional delay (s),  is probability density function of ,  is median of  ,and  is standard deviation of . Value of  and  is FFS.


	Nokia
	We believe that stochastic modelling of , using data from measurements or ray-tracing would be the more correct way to characterize absolute time of arrival in NLOS conditions.
	· Use a random distribution to model in NLOS conditions.



3.5	EM interference

	Company
	Views
	Proposals

	Huawei
	It is important to note that the EM source may not be a point source. EM interference may radiate from multiple locations, and thus the traditional point-to-point channel model may not be sufficient.
	

	
	
	

	
	
	



3.6	Other aspects of additional model components

	Company
	Views
	Proposals

	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 R1-1905037, 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.

	
	
	

	
	
	



Way forward
The following proposals were treated in the email discussion [96b-NR-08f] and will be used as the basis for further offline and online discussions at RAN1#97.

Proposal 1: Specify the correlation distances for spatial consistency for the industrial scenario. 
· Use [10] m for the cluster and ray specific random variables as a starting point
· FFS on need to distinguish between sub-scenarios
· Additional measurements or simulation results are encouraged

Proposal 2: specify the following types of blockers for use with Blocking model B:
· Human – with dimensions and mobility pattern same as for indoor and outdoor scenarios
· AGVs or moving trains – dimensions and mobility pattern FFS
· Industrial robot– dimensions and mobility pattern FFS
· FFS on the need for specifying the number and density of the blockers

Proposal 3: FFS on multi-TRP aspects for Blocking Model A

Proposal 4: dual mobility should be modeled as follows:
· Doppler for the LOS path:
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· Doppler for the delayed paths:
	
where  is a random variable with uniform distribution from  to ,   is the maximum speed of the clutter. The distributions of and  should be FFS.
· To account for the fact that most scatterers are stationary, the random variable  should be 0 for most combinations of n and m but could be 1 with some low probability.

Proposal 5: For absolute delay modeling, Use a random distribution to model  in NLOS conditions
· FFS on the choice of random distribution, e.g. among the below (or other) options:
· Option 1:  follows a lognormal distribution, with different parameterization per sub-scenario
· Option 2: follows an exponential distribution
· Option 3: follows a Gaussian distribution, truncated so that  >=0
· FFS whether an upper bound depending on the cluster powers in relation to the path loss should be applied to the absolute delay. 
· FFS on the need for modelling inter-link correlations for the LOS/NLOS state and for 

Proposal 6: 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.

[bookmark: _In-sequence_SDU_delivery]References
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Table 7.6.3.1-2 Correlation distance for spatial consistency

Corrlation distance in (m] R uwi uma. indoor
Los [NLos| oz | Los | NLOS | 021 | LoS | NLOS | o2l

Cluster and ray specific 5 | w0 | 5 | 12 | 15 |15 |40 | 50 |5] 10

random variables

LOSINLOS state E) 50 50 10

Indoor/outdoor state 50 50 50 NA
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